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Summary:

A survey of the present state of knowledge on (n, n') and (n, 2n) reactions

has been performed. The result is presented in the form of a main

index to references on all elements and several special indices to

different theoretical ways of approach, such as the direct-interaction

concept, the continuum model (including level density theories), the

discrete-level statistical model (Hauser-Feshbach), with a subsection

on the optical model, 486 references accompanied with abstracts

giving essential information pertaining to the field are supplied in

the report. It is intended to keep this review up to date by regular

issue of supplements. The abstracts have been arranged alphabetically

according to the name of the first author.

Printed and distributed in October 1962.
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A firs t edition of this repor t was issued as VDIT-50 (RFA-74)

in Feh rua ry 1962. In the present , revised, edition such publica-

tions as have appeared since the issue of the former repor t have

been included, simultaneously as the.organization has been

improved and, we hope, most of the inevitable printing e r r o r s

have been removed.

The authors a re indebted to Dr . Robert J . Howerton for pointing

out that repor t s of sphere t ransmiss ion measurements might be

mis in terpre ted as presenting resul ts of inelastic and not non-

elast ic c ross sec t ions . To clarify this we want to underline that

resul t s of such experiments have been included to se rve as indica-

tions in case the (t i ,?)» (n,p) , (n,a) and s imi la r c ros s sections

a r e known and either the (n, n ' ) or (n, 2n) c ross sections a r e known

to be ignorable. For Be which has no inelastic scat ter ing the non-

elast ic c ross section publications have been indexed under (n, 2n)

data but for other elements they will be found in the (n, n ' ) column

of the index.

I_ntrjO_duc_tio_n

Data on fast neutron inelastic, p rocesses a re of great importance

in reac tor sc ience, especially in the fields of fast reac tor analys is ,

radiat ion damage theory,, and shielding. During the last few yoars

considerable effort, both experimental and theoret ical , has been

focused at increasing the knowledge of these reac t ions . Compara-

tively few of the resul ts can be found in compilations of general

aviiilability, such as those published by the Brookhaven National

Laboratory and the Los Alamos Scientific Laboratory (BNL-325,

BNL-400, UCRL-5226, UCRL-5351, UCRL-5573). In an at tempt



II

to remedy this situation for the immediate needs of shielding

calculations the authors have undertaken the task of compiling

references relating to experimental and theoretical work on

(n, n') and (n, 2n) processes. For the sake of completeness, no

restriction was put on the range of elements, although a few

might seem rather exotic in the eyes of the shielding theorist.

We hope, thereby, to have produced a survey which should find

quite general applications. Several scientists involved in research

pertaining to this subject have been contacted personally in an

ambition to insure the reliability and completeness of the informa-

tion presented by us.

The definition of the term "data" was taken as widely as possible.

Consequently, this survey comprises information on measurements

and calculations on total (n, n"") and (n, 2n) cross-sections and

angular and energy distributions of neutrons and gamma rays

produced in these processes.

Results of non-elastic cross-section measurements have been

included in many cases as these contain, inherently, values of

the sum of the (n,n') and (n, 2n) cross-sections» Frequent

references are given to abstract periodicals such as Bull. Am.

Phys. Soc. although the abstracts naturally do not contain the

complete information advertized by the title. It was thought,

however, that much valuable information can be obtained from

such sources and that they give a good view of the state of develop-

ment.



III

Index arranged according to elements.

The main index has been prepared with the intention of facili-

tating the finding of data on specific elements and» in a few

cases, on specific isotopes. The material has been subdivided

chronologically according to the publishing year of the reference.

All work carried out before 1958 (the year of the 2nd Geneva

Conference) was collected in a single bin, a step which seems

reasonably justified in view of the result itself.

Subject indices.

Survey articles giving an expanded view of the state of theoretical

or experimental development were collected separately and will

be found in a special index.

The great amount of literature on theory has been split into

several parts. The primary division into the compound nucleus

model and the direct interaction concept is a natural consequence

of the present-day state of theoretical nuclear physics.

As, by far, the greatest effort combined with considerable

success, can be noticed in compound interaction calculations a

sub-division of this subject is justified. It should not be forgotten,

however, that a great deal of evidence for direct interaction has

shown up recently as a result of the improved experimental

techniques for measuring the angular distribution of the in-

elastically scattered neutrons.



IV

From the compound interaction subject we first peel off the

subdivision o£ high compound nucleus and target nucleus exci-

tation resulting in the evaporation or continuum model based

on purely statistical considerations and first discussed by

Weisskopf in 1937. This continuous level description seems to

be applicable to most elements from about 5 MeV and upwards.

The energy spectrum of scattered particles can be fitted to a

Maxwell-Boltzmann distribution with a single parameter, the

"nuclear temperature" depending on the nuclear level density.

It therefore seems justified to include work carried out

especially on the determination of this quantity.

In the energy region starting from the ground state of the target

nucleus and reaching over the first half-dozen levels of exci-

tation the spins and parities of these levels have to be taken into

account. The theory of this description has been developed on

the basis of a paper by Hauser and Feshbach in 1952. A consider-

able amount of calculational work has been laid down at various

laboratories, and computer programs for performing these,

rather lengthy, calculations are now in frequent use.

All work based on the compound nucleus concept is dependent on

the availability of one basic quantity, the compound nucleus forma-

tion probability, which is obtained from solutions of the Schrödinger

equation with various complex potentials, viz. the optical model.

Parameters for such calculations are generally obtained from

elastic scattering angular distributions, References to optical

model calculations with special regard to obtaining the "penetra-

bilities" necessary for Hauser-Feshbach calculations have been

sorted out separately.



v

A number of compilations of experimental results, sometimes

with theoretical inter- and extrapolations to give data on one or

several elements in a systematical form suitable for transport

calculations have appeared lately, but their sources of basic

data, within the scope of this survey, are not generally of recent

date. References to such compilation reports are given in a

separate index at the end of the subject indices section. Finally,

it should be remarked that the majority of the abstracts given

are those of the original authors themselves, although, in many

cases, abstracts giving information pertaining to the subject of

this report have been specially prepared.
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VI

MAIN COORDINATE INDEX ARRANGED ACCORDING TO ELEMENTS AND

PUBLISHING YEAR

(Abbreviation; b 1958 = before 1958)

Element

1 D2

2 He

3 Li

4 Be

Inelastic scattering

-

1958; 391

1958: 420

1961: 310, 112

1960; 349, 350

1959: 72, 486

1958: 207

1958: 186

(n, 2n)

1961: 89, 95, 249

I960: 204

1958: 45

1961: 89

1961: 310

1961: 89, 95,

179, 248,

249, 112

I960; 251, 267,

28, 29,

266

1959: 30, 327,

486, 304,

268

1958: 30, 214,

325, 207,

216, 18,

45, 441,

48,

b 1958: 212, 175,

122, 56,

54, 431,

39(BeO),

174, 376



VII

Element

5 B

6 C

7 N

Inelastic scattering

1961:

1960:

1958:

b 1958:

1962:

1961:

1960:

1959:

1958:

b 1958:

1962:

1961:

1959:

1958:

b 1958:

17,

287,

129

269,

212,

55,

354

64,

17,

89,

249,

112

14,

133,

350

327,

452

18,

110,

269,

457,

212,

128,

54,

246,

330,

354

64,

20,

252

72,

71,

212,

89,

112

271,

128,

218,

423

20,

179,

104,

92,

231,

411,

30,

214,

271,

207,

250,

175,

55,

431,

433,

423

89,

197,

271

293,

" " " " • • • " » • • • • • -

179,

216

175,

39,

76,

475,

477,

130,

349,

486,

40,

215,

325,

353

56,

322,

210,

468,

39,

99,

225

122

(n,

1958:

1961:

1958:

b 1958:

1961:

i960:

1958:

b 1958:

2n)

45

179,

19,

79

89,

78

163

19,

345

78

45

99, 367,

45, 365



VIII

Element Inelastic scattering (n, 2n)

N

O

F

11 Na

b 1958; 128, 175, 420,

354

1961: 20, 89, 99,

179, 249, 112

I960; 19, 92,

1961: 99, 179, 78,

1959:

1958;

b 1958;

133(H

350

72

71,

212,

175,

2o),

271,

122,

433,

349,

428

128,

109,

1961; 89, 367,

1958; 19, 45

b 1958; 345

1962:

1961:

1959s

1958:

b 1958?

446

17,

346,

442,

289,

404

40,

422,

358

78

12 Mg 1962:

1961;

85,

17,

156

89,

443,

449,

156

191

320,

292

68,

287,

445,

427..

337,

104,

1961: 89, 449, 289



IX

E le rae n t Inelastic scattering

13

(n, 2n)

Mg

AI,.

J

1960:

1959;

1958:

b 1958:

L

1962:

1961:

1959:

1958s

b 1958;

67,

133,

33,

124

30,

214,

212,

122,

337,

424

17,

346,

131,

112,

92,

290,

33,

235,

355,

30,

40,

253,

245,

53,

407,

122,

320,

469,

151,

234,

431,

39,

92,

437

235,

33,

216,

250,

128,

185,

89,

444,

21,

351,

156

133,

437

225,

245,

486

33,

110,

269,

216

212,

422,

128,

337,

54,

210,

364,

260,

354

125,

486,

35,

434

422,

175,

364

317,

451,

203,

481,

436f

232,

312,

35,

214,

271,

299,

56,

175,

358,

55,

218,

383,

330,

1960s 302



X

Element

14

15

16

17

19

Si

P

S

Cl

K

b

b

b

b

b

Inelastic scattering

1961:

1960:

1958;

1958:

1961:

I960;

1959;

1958:

1958:

1962s

1961:

1960:

1959:

1958:

1961:

1958:

1958s

1962;

1961:

1958:

7,

107,

92

216,

212,

383

17,

156

92

312

65

175}

422

64

7,

449,

92

355

56,

212,

383,

89,

17,

287,

428

175,

451,

212,

n,
104

122,

320,

422

156

40(NaCl)

2i2(KCl),

422,

337

69,
287,

89,

451

364,

7,

337,

451,

128,

337,

410,

56(KC1),

257

289,

56(KC1), 1

156

75(KC1)

(n,

1961:

I960:

1958:

1961:

1961:

b 1958s

1961:

1958;

b 1958;

2n)

367

163

365

449

89, 367

345

367, 289

365

345



XI

Element

20

21

22

23

24

Ca

Se

Ti

V

Cr

b

b

. b

b

Inelastic scattering

1962:

1961:

1960:

1958:

1962:

1961:

1962:

1961?

I960:

1959:

1958:

1958:

1962:

1961:

I960:

1958:

1962:

1961:

I960:

1959:

1958:

257,

89,

156

92,

212,

128,

468,

146

287,

146

16,

351,

16,

355,

214,

54,

118,

407,

69,

402,

436,

38

2

89,

242,

156

340

328

212,

386,

471,

449,

125,

56,

175,

469,

156

-

450,

112

417

328

216

55,

212,

431

146

156

437

7,

418,

-

38,

410,

292

7,

459

122,

337,

422

242,

56,

410,

344,

112,

377,

422

(n.

1962:

1961:

1961:

1961:

1958:

1958:

1961:

1958s

2n)

471

449,

36,

36,

45,

19,

367

365

137

43, 367

43, 367

365

'45



XII

Element

24 Cr

25 M n

26 Fe

Inelastic scattering

b 1958:

1961s

1960;

1959:

1958:

b 1958:

1962s

1961:

1960:

1959:

1958:

b 1958:

469,

144,

461

335,

112,

67,

312,

65

38,

318,

17,
334,

450,

161,

131,

68,

402,

156

67,

120,

324,

340,

33,

235,

312,

486,

33,

45,

214,

269,

281,

147,

323,

422S

407,

260,

449,

156

436,

327

221,

2,

89,

346,

475,

21,

427,

289,

477,

92,

129,

363,

437

159,

245,

357,

328

35,

70,

245,

271,

216

212,

386,

56,

431,

382,

68,

437

185

318

226,

444,

7,

242,

1,

351,

112,

117,

251,

436,

160,

281,

448,

40,

110,

253,

272,

298,

397,

101

(n,

1961:

1958:

1961:

1960:

1959:

1958:

b 1958:

2n)

449

45,

89,

251

281,

19,

365

6

370

367, 289

448

45, 281,



XIII

Element Inelastic scattering (n, 2n)

26 Fe b 1958: 118, 122, 128,

175, 297, 320,

322, 337, 3583

27 Co

28 Ni

1961s

. 1959:

1958;

b 1958s

1962:

1961:

I960;

1959;

b 1958:

54,

150,

218,

383,

468,

260,

39,

461,

17,

156

312,

65,

39»

358,

2,

17,

7,

427,

156

117,

340

70,

212,

122,

55,

337,

431,

39

55,

151,

234,

408,

149,

270,

44,

354

402,

355,

216

212,

409,

895

21,

402,

133,

269,

56,

128,

410,

358,

260,

116,

210;

246,

431,

225,

382,

73,

112,

357

337,

422

183,

242,

112,

461,

216,

118,

54,

422,

409,

382,

1960;

1958;

1961;

I960:

1958:

b 1958:

360

45

36, 43, 89,

367

45

45

345



XIV

Element

29

30

31

32

Cu

Zn

Ga

Ge

Inelastic scattering

1962:

1961?

1960s

1959:

19581

b 1958s

1961s

i960:

1959:

1958:

b 1958:

196.2:

1961:

1962:

1961:

i960:

1959:

b 1958:

69,
17,

21,

156

133,

33,

312,

30,

110,

281,

165,

122,

320,

54,

407,

39,

17,

451,

351,

340,

366,

40,

212,

175,

55,

69
156

257

334,

296

255,

406,

292

334,

131,

436,

66,

486

33,

214,

216

422,

128,

337,

55,

431,

354

334,

7,

156

341

486,

216

410,

337,

210,

242

295

407,

7,

224,

437,

281,

35,

269,

56,

175,

409,

210,

330,

450,

242,

328,

56,

54,

407

410

(n,

1962:

1961:

1960:

1959:

1958:

b 1958:

1962:

1961:

i960:

1958:

b 1958:

1961:

b 1958:

1961:

b 1958:

2n)

69
36,

368

163

281

19,

345,

471

367

360

45

345

367

345

36,

345

43, 367,

45, 281

79

43, 367



X V

Element

33 As

34 Se

Inelastic scattering

1961:

1960:

1959:

1958:

b 1958:

196Z:

1961:

I960:

1959:

1958:

b 1958:

195,

436,

312

65

383

257,

17,

242,

436,

255,

40

212,

156

437

424

334, 450,

156

296, 437

295

175, 337,

(n,

1961:

b 1958:

1961:

2n)

36, 43

345

367

383

35

37

38

39

....

Br

Rb

Sr

Y

1961:

1962:

1961:

1962:

1961:

I960:

b I960:

1962:

1961:

1960:

.1959:

156

424

402,

257,

16,

156

16,

437

410

447,

475,

477,

363,

72

418,

424

242,

436,

424

476,

112,

381

156

289,

396,

86,

156

—

1962:
1961:

b 1958:

1962:

1961:

1962:

1961:

1962:

1961:

69,

367..

345

424

36,

424

36,

424

36,

424

195

43, 432

43, 289

43, 432



XVI

Element

39 Y

40 Zr

41 Nb

42 Mo

b

b

b

b

Inelastic scattering

1958:

!958:

1962:

1961:

I960;

1959:

1958:

1958:

1962:

1961;

1960:

1959:

1958:

1958:

1962:

1961:

1960;

1.959:

1958:

1958:

272

38

424

17,

202,

131,

461,

14,

201,

72,

30,

214,

212,

220,

218,

2,

17,

86,

156

329,

437

329,

65,

384,

2,

17,

242,

477,

296,

281,

281

228,

287,

203,

86,

112

363,

296

159,

40,

245,

228,

54,

468,

424

202,

289,

436,

435

269,

410

424,

475,

86,

112,

459

486,

337,

f
j

400,

242,

351,

194,

245

45,

216

56,

55,

467

203,

112,

201,

326

423

476,

289,

156

295

470

(n

1962;

1961:

1960:

1958:

b 1958:

1962:

1961:

1962:

1961:

1959:

1958:

b 1958:

, 2n)

424

36,

131,

369

45

4,

424

43,

424

367,

281

45,

345,

43, 367,

345

432, 289

289

281

79



XVII

Element

43

45

46

47

48

49

Te

Rh

Pd

Ag

Cd

In

b

b

b

b

Inelastic scattering

1961:

1961:

1959:

1958:

1961:

1961:

1959:

1958:

1958:

1962:

1961:

1960:

1959:

1958:

1958:

1961:

I960:

1959:

1958:

156

86,

486

384

86

335,

66,

45,

212,

54,

364,

292,

17,

475,

86,

156

125

160,

40,

212,

320,

54,

354

2875

436,

435

149

477,

86,

486

216

56,

55,

431

423

89,

476,

351,

281,

281,

56,

337,

55,

86,

437

156

156

337,

210,

335,

344,

477,

486

216

175,

358,

210,

156

(n.

b 1958:

1961:

b 1958:

1961:

1958:

b 1958:

1961:

1959:

1958:

1961:

1958:

2n)

345

432

345

43,

368

19,

345

36,

367

281

19,

43

45

367, 432,

45

43, 89,

45, 281



XVIII

Element

50 Sn

51 Sb

52 Te

53 I

Inelastic scattering

1962:

1961:

1959;

1958;

b 1958s

1962:

1961:

1960;

1959:

1958:

b 1958:

1962:

1961:

1958:

b 1958:

1961:

I960;

1959:

1958:

292

17,

344,

477,

33,

281,

30,

40,

281,

212,

337,

210,

292

17,

436,

33,

486,

33,

281,

212,

358,

423

86,

40

337,

16,

86,

16,

437

435

40,

475,

86,

156

66,

366,

33,

110,

235,

56,

358,

431,

86,

459,

281,

435

35,

216

175,

383

156

409

287,

156

324,

428

476,

351,

160,

486

35,

214,

216

175,

55,

330

156

437

366,

40,

337,

1,

436,

(n,

1961:

1959:

1958:

1961:

1959:

195.8:

b 1958:

b 1958:

1962:

1958:

2n)

36,

281

45,

43,

281

45,

345

345

69

370

43, 367

281

367, 368

281



XIX
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1. CONTRIBUTION TO THE STUDY OF THE INELASTIC
SCATTERING OF NEUTRONS FROM i TO 5 MeV.
Abramson-Szteinsznaider, D.
CEA 2083 (1961)

The aim of this work is to see if this reaction occurs only by
compound nucleus formation or involves some contribution of
direct interaction. In the first case, the angular distribution
of inelastic neutrons is symetric about 90°. In the second case,
this distribution must be asymetric and must change slowly
with energy of incident neutrons. The neutrons corresponding
at the excitation of a given level of the residual nucleus are
selected by their coincidence with the V rays of deexcitation
of this level. From the results of our measurements on iron,
iodine and bismuth and of other laboratories on different
elements, we can conclude that generally, the inelastic scattering
of neutrons of some MeV occurs only by compound nucleus.

2. MEASUREMENT OF THE INELASTIC COLLISION CROSS
SECTION OF NEUTRONS WITH CHROMIUM, IRON, NIOBIUM,
NICKEL AND MOLYBDENUM NUCLEI.
Abramov, A.I. (Russian)
Atomnaya Energ,, 12: 62-4 (Jan. 1962)

The total cross sections of all the inelastic processes and in
some case the partial cross sections of inelastic scattering
were measured in an inverse spherical geometry by the
excitation of separate levels. A protonirradiated tritium
target of an electrostatic accelerator and a small ionization
chamber filled with a mixture of He^+ Ar were used as neutron
source and detector, respectively- The spectra of pulses
obtained with and without spheric specimens made of the natural
isotopic mixture of the materials under study were examined,
comparing the peaks due to primary neutrons. The anisotropy
of the neutrons was taken into consideration in the calculations.
The average excitation energies determined from inelastic
neutron scattering were found to be 0. 8 and 1.0 MeV for Nb
and 0. 8 and 1.1 MeV for Mo. Comparison of the data obtained
with those calculated by means of W. Hauser and H. Feshbach "s
method (Phys. Rev. 87; 366 (1952) shows occasional diver-
gences. It is concluded that the average energy of .the
inelastically scattered neutrons does not depend strongly on
the energy of the primary neutrons even when the number of
the excited levels is small.
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3. RADIATION WIDTHS OF NUCLEI AND STATISTICAL THEORY.
Yu. V. Adamchuk and V.M. Strutinskii (Russian).
NSF-62-35(l) (transl.)
Akademiya Nauk, ordena Lenina. Institut Atomnoi Energii, I960.

Within the framework of statistical theory, which accounts for
nucleon pairing, the level density and magnitude of radiation
widths of nuclei were examined in the presence of neutron
binding energy- The temperatures, entropies, and level
densities of one-nucleon states of nuclei were calculated.

4. ENERGY AND ANGULAR DISTRIBUTIONS OF NEUTRONS FROM
THE INTERACTION OF 14. 1-MeV NEUTRONS WITH ZIRCONIUM
Ahn, S.H., Roberts, J.H. (Northwestern Univ. , Evanston,
I11)
Phys. Rev. 108, pp. 110-13 (1957) Oct. 1.

The distribution in energy and angle of the neutrons emitted from
the interaction of 14. 1-MeV neutrons with zirconium have been
obtained by using nuclear emulsion plates as detectors. The
energy distribution of the low-energy nonelastic neutrons is
Maxwellian. The angular distribution of the low-energy nonelastic
neutrons (0.5 to 4.0 Mev) is found to be isotropic; whereas, that
of the high-energy non-elastic neutrons (4.0 to 12.0 Mev) is
peaked in the forward direction. The significance of these results
in terms of the statistical model of the nucleus is discussed.

5. ELASTIC AND INELASTIC SCATTERING CROSS-SECTIONS
Albrecht, J.W. Univ. of Chicago
Anales real soc. espan. fis. y quim (Madrid) Ser. A 55,
pp. 223-6 (1959) July-August.

An expression is obtained for elastic and inelastic cross-sections
by expressing both in terms of the same matrix elements.
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PROTONS FROM THE INTERACTION OF 14 MeV NEUTRONS
WITH MEDIUM WEIGHT NUCLEI
Allan, D.I.
The Proceedings of the Physical Society, Section A, Vol. 70,
pp. 195-208 (1957)

27 54 58
The energies of the protons emitted by Al, Fe, Ni,

Ni, and " C u when bombarded by 14 MeV neutrons have
been determined using a photographic plate method. In
addition, the angular distribution of the protons emitted by
"3Cu has been measured. The energy distribution of the
protons is consistent with some of them being produced by
the (n, np) reaction and others by a direct interaction. Rough
cross sections for these processes are given; in the course
of the work a cross section of 10 - 4 mbn has been measured
for the reaction 54]re£nj2n). The results, generally, are in
good agreement with the statistical and direct interaction
theories.

AN EXPERIMENTAL TEST OF THE STATISTICAL THEORY
OF NUCLEAR REACTIONS
Allan, D.L.
Nuclear Phys., 24 (1961) 274-299

The 14 MeV differential (n,p) cross sections of'about
40 nuclei have been measured at 120° to the incident neutrons
using a photographic plate method. The results are compared
with the cross sections calculated according to the statistical
theory of nuclear reactions and it is shown that good agreement
exists between theory and experiment provided a level
density function of the form exp2(aU) 1/2 with a

**•* 1/1 0A is used and the pairing energy 6 is taken into
account. Experimental values of 6 and the nuclear
temperatures are given. The (n, np) cross sections of 13
of the nuclei have been measured and the results are
discussed in terms of a reaction mechanism based on the
statistical model.

8. INTERACTION OF 0.5- AND 1.0-MeV NEUTRONS WITH
SOME HEAVY ELEMENTS
Allen, R . C , Walton, R.B., Perkins, R.B., Olson, R.A. ,
Taschek, R.F.
Phys. Rev., Vol. 104, No. 3, Nov. 1, 1956, pp. 731-735

The angular distributions of 0.5-MeV neutrons elastically
scattered by Au, Bi, U238, and Pu2 3 9 and of 1.0-MeV
neutrons plastically scattered by the latter three materials
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have been measured. The differential and total elastic scattering
cross sections, the elastic transport cross sections, and the
inelastic collision cross sections are presented. Some theoretical
angular distributions and cross sections based on a complex
squarewell model for U"8 are also included. The angular
distributions of fission neutrons produced by 0.5- and 1.0 MeV
incident neutrons are found to be isotropic, and the ratio of V
(Pu239) to (U235) is i.3 + 0.2 at both energies.

9. TH75: INTERACTION OF 0. 15 TO 1.0 MeV NEUTRONS WITH
U238 , U235 , AND Pu239
Allen, R . C
Nucl. Sci. and Engn. 2, p. 787 (1957)

The differential elastic scattering, total elastic scattering and
elastic transport cross sections for U23^, U 5 and P u " ' for
0.5 and 1.0 MeV neutrons are presented. The nonelastic reaction
cross sections are given for these three materials for neutron
energies of 0.25, 0.5 and 1.0 MeV and in addition for U238 for
0.15 MeV neutrons. The inelastic scattering cross sections for
the excitation of the two lowest levels in U 3° are also presented
for neutron energies of 0.15, 0.12 and 0.5 MeV.

10. LOW-LYING LEVELS IN U EXCITED BY INELASTIC NEUTRON
SCATTERING
Allen. R.C. (Los Alamos Sci. Lab., N.M.)
Phys. Rev. 105, pp. 1796-8 (1957) Mar. 15

238
Analysis of neutrons inelastically scattered by U indicates that
the first two excited states in U23^ are at 50 + 20 kev and 140 + 25 kev.
The inelastic collision cross sections, the total inelastic scattering
cross sections, and the partial inelastic scattering cross sections
for the excitation of these levels are presented for neutron energies
of 150, 250, and 500 kev.

11. FAST NEUTRON DATA ON THE ISOTOPES OF THORIUM,
URANIUM AND PLUTONIUM
Allen, W.D., Henkel, R. L.
Progr. in Nucl. Energy, Ser. I, Vol. 11(1958) pp. 1-50'

This article presents a survey of available information on the
interaction of neutrons in the range 10 keV to 10 MeV with .the
isotopes of thorium, uranium and plutonium. Subjects discussed
include total cross sections, elastic and inelastic scattering,
(n, 2n) reactions, capture and fission, including the variation with
energy of v the average number of neutrons emitted per fission.
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12. NEUTRON NONELASTIC COLLISION CROSS SECTIONS
Allen. R . C , Carter, R.E. , Taylor, H. L.
Fast Neutron Phys. , Part II, Ed. by Marion %L Fowler,
Interscience Publishers 1962.

THE INTERACTION OF 1 4 MeV NEUTRONS WITH URANIUM
Allen, K.W., Bomyer, P . , Perkin, J. L.
Reactor Sci. and Techn. , Vol. 14, No. 2/3, May 1961,
pp. 100-106

The multiplication of 14 MeV neutrons in uranium shells
has been studied. The measurements lead to a value of
T]j, the average number of neutrons produced per inelastic
collision of a 14 MeV neutron, of 3.30 + 0. 15. Neutron
interactions in a thick uranium shell have also been
investigated and effective cross-sections for the reactions
2 3 8U (n, f) and 2 3 8U (n, Y) have been obtained for the
inelastic neutron spectrum in the shell . The value of r\
combined with other nuclear data, leads to the following
cross-section data for 238-Q £or neutrons in the energy range
13.4 to 14.8 MeV.

1-1 > cr _ > 0.8 barn
n, 3n

0 < <r x < 0.3 barn,
n, n

14. CROSS SECTION DATA APPLICABLE TO MONTE CARLO
CALCULATIONS
Alter, A.
NAA-SR-MEMO-5861 (I960)

p o C O o Q

<rt, (rel, <rin, H, C, O, F, Zr, U , U , 1 eV-10.4MeV.

15. OPTICAL MODEL EVIDENCE FOR SURFACE ABSORPTION
OF NEUTRONS
Amster, Harvey, J.
Phys.Rev. , Vol. 113, No. 3 (1959), pp. 911-916

Data-matching with the complex square-well model for
neutron scattering suggests that the imaginary part of
the potential should be largest at the nuclear surface;
such an effect is also in accord with present physical
pictures of the interaction. However, when a diffuse edge
is attached to the model and the other parameters are
changed to provide experimental agreement, the need for
surface absorption appear:; diminished. To investigate
further, cross sections resulting from a surface-absorbing
and a uniformly absorbing potential, both with a diffuse
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edge, are calculated and compared. The results differ considerably
less from each other than from the data, but the strength of
absorption is more nearly independent of mass number when it
is concentrated near the surface.

16. GAMMA RAYS EMITTED IN INELASTIC SCATTERING OF
NEUTRONS AT 3 MeV ENERGY
Androsenko, A.L. , Broder, D. L. , Lashuk, A.I.
The Sov. J. of Atomic Energy, Vol. 7, No. 3, March 196i,
pp. 763, 765-767. Kernenergie 3 (I960), p. 565. Reactor
Science 12, p.-136 (I960)

Energy levels were determined by measuring Y rays emitted in
inelastic scattering of 3-MeV neutrons. A scintillation
spectrometer was used for measuring Y energies for barium,
bismuth, chromium, iodine, iridium, strontium, titanium, and
tungsten.

17. Y -STRAHLUNG BEI DER UNELASTISCHEN STREUUNG VON
3-MeV-NEUTRONEN
Androsenko, A.L», Broder, D.L., Lashuk, A.I.
Kernenergie, 4.Jg., Juni 1961, pp. 510-512.
Sov.J. of Atomic Energy Vol. 9» No. 5, p. 945

As above for B, C, F, Na, Mg, Al, Si, P, S, Fe, Co, Ni,
Cu, Zn, Se, Zr, Nb, Mo, Cd, Sn, Sb, La, Ta, Pt, Au, Pb,

18. INELASTIC SCATTERING OF 14-MeV NEUTRONS FROM
CARBON AND BERYLLIUM.
Anderson, J .D. , Gardner, C.C., McClure, J.W., Nakada, M.P. ,
Wong» C.
Phys.Rev., Vol. I l l , No. 2 (1958), pp. 572-574

The angular distribution of the neutrons from the reactions
Be9(n,n) Be 9 , Q = 2.43 MeV, and C12 (n ,n)C i 2 , Q = -4.43 MeV,
have been measured from 25° to 140° employing 14-MeV incident
neutrons. Neither distribution is symmetric about 90°; the
inelastically scattered neutrons are peaked in the forward direction.
The C (n, n) first-level angular distribution, which agrees with
a recent measurement of the C* (p,p) distribution, is in good
agreement with the prediction of the Levinson-Banerjee direct
interaction theory. The intergrated inelastic scattering cross
sections for the Be^ and C*2 first levels are 0.17 + 0.03 barn
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and 0.22 + 0.03 barn, respectively. , .-,
The 4. 43-MeV de-excitation gamma rays from C are
symmetric about 90°. The gamma-ray production cross
section at 90° is 13. 1 + 2,0 mb/sterad. No gamma rays
associated with Be are seen. It is concluded that about
one-third of the (n, 2n) cross section ät 14 MeV is a two-stage
process proceeding via the 2.43-MeV level in Be?.

19. ABSOLUTE MEASUREMENT OF (n, 2n) CROSS SECTIONS
AT 14. 1 MeV
Ashby, V.J . , Catron, H.C., Newkirk, L. L. , Taylor, C.J.
Phys.Rev. _1U_, 616-621, No. 2, July 15, 1958.

Absolute (n, 2n) cross sections have been obtained by counting
double-pulse events in a 240-gal cadmium loaded liquid
scintillator. The detection efficiency was determined
experimentally using a spontaneous fission source and
known values of V » Conventional methods were used to
measure the absolute neutron flux. Cross sections were
measured for C, N, F, V, Fe, Cu, Ag, Ta, Cd, Au,
Pb, Bi, D, and Be. The values inbarns are: C, 0,006
+ 0.006; N, 0.019 +_ 0.010; F, 0.062 + 0. 009i V, 0.66 -f 0. 05;
Fe, 0.50 •+ 0.04;. Cu, 0.76-^0.06; AgT 1.73 £ 0 , 1 3 ; ~
Ta, 2.64 7 0.20; Cd, 1.92 + 0. 14; Au, 2.60 j - 0.20;
Bi, 2. 60 £"0.19; D* 0.20 +_D.O2; Be, 0.54 +_7). 04. The
(n, 2 n) cross sections for the last six elements are, within
error, equal to the nonelastic cross sections. Nuclear
temperatures were calculated.

20. GAMMA RAYS FROM INELASTIC SCATTERING OF 14-MeV
NEUTRONS FROM CARBON NITROGEN, AND OXYGEN
Ashe, J .B . , McCrary, J .H. , Morgan, I. L» s Prud "homme, J. T. ,
Texas Nuclear Corporation
Bull. Am. Phys. Sec, Ser. II, Vol. 6 (1961), No. 1, p. 61.

An anticoincidence annulus gamma-ray spectrometer of the
type described by Trail and Raboy, (C*C» Trail and
Sol Raboy, Rev. Sci.,Instr. 30, 425 (1959)), has been
used to study the gamma rays emitted from C, Ns and O
when samples of these materials are bombarded with
14-MeV neutrons. A technique has been devaloped for
gating the multichannel pulse-height analyzer on with
pulses from the annulus corresponding to the absorption
of 0.511-MeV radiation in the annulus. This "one escape
gating" places more stringent requirements on the pulses
being analyzed and thus reduces appreciably the background
counting rate over that obtained from using the annulus
morely as an anticoincidence shield.
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21. GAMMA RAYS FROM INELASTIC SCATTERING OF 4. 1 MEV
NEUTRONS
Ashe, J .B . , McCrary, J .H., Nellis, D.O. and Hudson, J r . j O.M.
Bull. Am. Phys. Soc. 6_, p. 368 (1961)

Using the system described in the previous abstract , gamma-ray
pulse height spectra due to the interaction of 4« i Mev neutrons
with Al, Fe, Ni and Cu have been obtained. Table I lists the
energies of gamma rays observed. Relative intensities of the
gamma rays will be presented.

Table I. Observed gamma rays (Mev)

Al
0.84
1.01
1.71
2.23
2.79
3.10

F e

0.84
1.04
1.23
1.80
2.12
2.29
2.60
3.68

Ni

0.82
1.00
1.16
1.33
1.43
1.79
3.16
3.40

Cu

0.66
0.95
1.11
1.33
1.84
2.32
2.89
3.60

22. PRELIMINARY DESCRIPTION AND INPUT PREPARATION
Auerbach, E .H.
KAPL-M-EHA-1 (I960)

The ABACUS System is a digital computer program for the
determination of cross section» It provides for the calculation
of wave functions according to the nuclear optical model and from
these data will further give:

1) Shape elastic and total cross-sect ions .

2) Elastic and inelastic scattering cross sections according
to Hauser-Feshbach theory and

3) various radial integrals of products of wave functions useful
in cross section evaluations.

The program written for the PHILCO-2000 also contains
procedures for determining "best" optical model parameters .

Medina:Bull. Am. Phys. Soc. 6, p . 367 (1961)



23. ABACUS: A DIGITAL COMPUTER PROGRAM FOR
CALCULATING CROSS SECTIONS FROM COMPLEX
POTENTIAL MODELS
Auerbach, E«H«j Francis, N.C*
Paper in KAPL-Z000-12 (i960)

The system consists of four parts; continuum state calculations,
bound state calculations» Hauser-Feshbach calculations, and
evaluation of radial integrals o£ products of wave functions.
These are discussed separately» The latter two require
results of one or both of the first two parts as input»

24. NEUTRON CROSS SECTION EVALUATION GROUP
Auerbach, E. , Moore, S., Porter, C«E., Sher, R,
(Brookhaven Nat« Lab.)
WASH-1031, 1961, p. 13

An adaptation of HAFEVER, an Atomic Power Development
Associates program for the calculation of inelastic
scattering, has been prepared. This is a Hauser-Feshbach
calculation for up to 14 energy levels, given the
penetrabilities for each (S9 j) state for each of the levels.
This will first be applied to Zr.

25. DIRECT REACTION THEORIES
Austern, N.
Fast Neutron Phys«, Part II, Ed. by Marion & Fowler,
Interscience Publishers 1961,

26. DIRECT REACTION THEORIES
Austern, N»
Proc. of the Int. Conf. on Nucl» Structure, Kingston 1960,
pp. 323-335.

27. KINEMATICS OF NUCLEAR REACTIONS
Baldin, A.M., Gol "Hanskii, V.I., Rozenthal, I, L.
Translated from Russian, Pergamon Press 1961
(Original 1959)

General Principles of Relativistic Kinematics.

Effective Cross-Sections and their Transformation Induced
by Change of the Co~Ordinate System»



- 10 -

Kinematics of Interactions Involving two Secondary Particles.

Interactions Involving Three Secondary Particles.

Multiple Processes.

The Scattering Matrix and Its Properties.

Applications of the General Theory of the S-Matrix.

1. Relationship between Effective Cross-section of Elastic and
Inelastic Processes.

2. Relationship between Effective Cross-section of Direct and
Inverse Reactions»

Collision of Particles Possessing Spin.

Polarization of Particles in Nuclear Reactions,

Reactions Involving Photons.

28. DIRECT INTERACTION IN THE REACTION Be (n, 2n) Be
Balian, R. , Gillet, V.
J.phys. radium, 21, 351-2 (i960) May

The results of the application of direct interaction methods to the
calculation of the cross section for the Be9 (n, 2n) Be^ ejection
reaction are given. Energies of 0.5 and 5 MeV for outgoing neutrons
are favored. The total reaction cross section together with
compound nucleus results, provides a good fit for the experimental
data.

29, DIRECT INTERACTION EJECTION IN THE REACTION Be (n,2n)Be
Balian, R. and Gillet, V.P.
CEA 1747 (I960)

Methods of direct interaction are applied to the study of ejection
reactions, which end into a 3 particle channel. General expressions
for cross sections are given» Application is made to the reaction
Be'(n,2n)Be° up to i 4 MeV, for which the contribution of the
ejection process must be important, due to the low binding energy
of the last nucleon of Be ' . Energies of 0.5 and 5 MeV for outgoing
neutrons are found to be favoured. Contributions of various regions
of interaction are separately analysed, and the reaction is found
to take place mainly outside the core of Be^. The cross section,
calculated through ejection mechanism, together with compound
nucleus results for low energy, agrees well with experimental
data. If a break-up process is considered instead of the compound
one, the agreement is less satisfactory.
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30, NEUTRON NONE LAS TIC CROSS SECTIONS FROM 7 TO
14 MeV
Ball, W.P., McGregor, P.M., Booth, R. (Univ. of
California, Livermore.)
Phys. Rev. 110, pp» 1392-4 (1958) June 15

Neutron nonelastic cross sections for seven elements have
been measured over the range from 7 to 14 MeV. The cross
sections are almost constant in this range» showing that
variations in the total cross sections are due primarily
to variations in the ela.stic cross sections.

31. DIRECT INTERACTION THEORY OF INELASTIC SCATTERING.
PART II. ANGULAR CORRELATION OF GAMMA RAYS
FOLLOWING INELASTIC SCATTERING
Banerjee, M»K. , Levinson, C. A.
Annals of Physics, 2_, 499-524 (1957) Nov.

The angular correlation function of the gamma rays» following
inelastic scattering of protons via direct interaction has been
calculated. The effects of the distortions of the plane waves
on the angular correlation have been discussed» It has been
shown that the angular correlation function depends on the
spin exchange process and thus on the nuclear wave
function. Analyzing the experimental data on C*^(p, p'*)C*^Y
angular correlation» it was found that the wave functions
describing the ground and the first excited state of C ^
must be very close to the extreme j - j coupling limit.

32. EXTENSION OF THE SHELL MODEL FOR HEAVY SPHERICAL
NUCLEI
Baranger, M.
Phys. Rev., 120, No. 3, Nov. 60, p. 957

The Bardeen-Bogoliubov-Belyaev treatment of the pairing
correlations is applied to spherical nuclei with a general
nuclear force. The interaction between quasi-particles
is treated by the method of linearized equations of motion»
An advantage of this treatment is that the same equations
describe single-particle excitations and collective
excitations, so that the former are orthogonal to the
latter and the total number of states is correct» Another
advantage is that the spurious states due to the fluctuations
in the number of particles are automatically eliminated.
The equations to be solved resemble those for a two-body
shell model calculation. Simple estimates, based on -
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delta-function or quadrupole forces, are made for the vibrational
frequencies in various modes and transition matrix elements. It
is concluded that the method is as powerful as other known
methods for dealing with collective states by the shell model,
and that the same order of magnitude for the effective nuclear
force seems capable of fitting all the data.

Reference withdrawn.
33»

34, GAMMA SPECTRA OF INELASTIC SCATTERING OF NEUTRONS
Barchuk, I .F . , Fasechnik, M.V., Tsybulko, Yu, A»,
(Inst. of Phys. Academy of Sci., Ukrainian SSR}«
Ukrain. Fiz. Zhur. 3, pp. 53-63 (1958) Jan.-Feb.
J. Nucl. Energy, % P» i 2 0 (1959)

A scintillation spectrometer with a Nal(Tl) crystal (60 mm in
diameter and 50 mm in height) and a photomultiplier was used
in measuring the V spectra from inelastic neutron scattering
in Al, Cu, Fe, Mg, Sb, and Sn at 2.8 MeV, A rough evaluation
was made of Y intensities for each element. The neutrons were
produced from the D(d,n)He^ reaction in a low-voltage,
horizontal type accelerator (140 to 150 kv) with a high-frequency
ion source. An adsorption target was employed in order to reduce
the \ -ray background. The pulse-height distribution was measured
with a 50-channel amplitude analyzer. The spectrometer
resolution was 6.5 to 8% for Co6^ V rays (1*17 to 1.33 MeV).

35. THE GAMMA-RAY SPECTRA PRODUCED BY INELASTIC
FAST NEUTRON SCATTERING IN Mg, Al, Fe, Cu, Sn AND Sb
Barchuk, I .F . , Pasechnik, M.V., Tsybulko, A.
(Atomnaja Energiya 4_, pp. 132-7 (1958)

Measurements were made of the Y -ray spectra in Mg» Al, Cu,
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Sn, and Sb produced by inelastic neutron scattering at
2.8 MeV. The measurements were carried out with
a scintillation spectrometer with Nal crystal detector,
photomultiplier, and a 50-channel pulse analyzer with
a magnetic drum recorder. The Y -ray energies were
found (in MeV) for magnesium, 0.97, 1,41, 1.91, 2,3,
for aluminium, 0.84, 1.00, 1.80, 2.16, for iron, 0.84,
1.25, 1.46, 1.70, for copper, 0.63, 0.78, 0,96, 1.12,
1.38, 1.46, 1.72, 2,03, for tin, 0.84, 1.16, 1.50, 1.80,
2.16, and for antimony, 1.04, 1.50, 1.84, 2.16. /„
The spectrometer resolution was 6,5 to 7% for the Co
Y-rays.

36. INTERPRETATION OF EXPERIMENTAL (n, 2n) EXCITATION
FUNCTIONS
Barr, D.W., Browne, C.I., Gilmore, J.S.
Phys. Rev., Vol. 123, No. 3, Aug, 1, 1961, pp. 859-864

Radiochemically determined (n, 2n) excitation functions for
„ 45 m.46 KT.58 ^ 65 _ 70 A 75 _ 84 _ , 85 _ . 87
Sc .* Ti , Ni , Cu , Ge , As , Sr , Rb , Rb ,
^89 „ 90 _ 112 _ ,116 e , 123 , TT238 ,
Y , Zr , Sn , Cd , Sb , and U have been
interpreted in terms of the statistical model of nuclear
reactions. Values of the level density parameter are
obtained and correlated with mass number. A procedure
is outlined for predicting the magnitude of any (n, 2n) cross
section from the nuclear content of the target material.
Two level density formulations are studied, and
approximations customarily made in calculations of this
sort are examined quantitatively.

37. THE DISTERTED-WAVE THEORY OF DIRECT NUCLEAR
REACTIONS
Bassell, R.H», Drisko, R.M., and Satchler, G.R.
ORNL-3240 (1962)

The distorted-wave theory of direct nuclear reactions is
presented in a unified manner in which the effects of
assuming various reaction mechanisms and nuclear
models appear only in certain radial form factors. The
zero-range approximation is used and spinorbit coupling
is neglected in the distorted waves» Formulae are given
for transition amplitudes, cross-sections and polarisations.
Then a description is given of the IBM-7 04 computer code
Sally which is based on these formulae.
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3 8. THE INELASTIC SCATTERING OF 2.5 MEV NEUTRONS BY
CHROMIUM, MANGANESE, AND VANADIUM
Beghian, L .E . , Hicks, D. , Milman, B. (Clarendon
Lab., Oxford, Eng»)
Phil» Mag. (8) i, pp. 261-8 (1956) Mar.

Experiments have been carried out on the inelastic scattering
o£ 2.5 MeV neutrons by Cr, Mn, and Vanadium. Both "Y rays
and inelastically scattered neutrons were observed» The following
levels were identified: Cr, 1.44;+ 0.03 MeV; Mn, 0.126 +_ 0.005 MeV;
0.98 + 0.05 MeV; 1.34 + 0.05 MeV; 1.65 + 0.05 MeVj and
2. 40 + 0. 05 MeV; V, 0."32 •+ 0. 02. MeV; O."92 + 0. 04 MeVj
1.62 •+ 0.04 MeV; and i . 83 +_ 0.04 MeV. The cTecay scheme of
the levels excited in Mn^5 was investigated by the method of
"Y -Y coincidences, and it was shown that the higher energy
•states decay by cascade via the 0.126-MeV level»

39. MEASUREMENT OF TRANSPORT AND INELASTIC SCATTERING
CROSS SECTIONS FOR FAST NEUTRONS. II. EXPERIMENTAL
RESULTS
Barschall, H.H., Battat, M.E. , Bright, W . C , Graves, E .R. ,
Jorgensen, T. , Manley, J«H.
Phys. Rev., Vol. 72, No. 10, Nov. 15, 1947, pp. 881-888

Measurements of poor geometry scattering and back scattering
are described for neutrons of energies of 0.2, 0.6, 1.5, and
3 MeV. The following materials were investigated: C, Be,
B i 0 , B 1 1 , BeO, Al, Fe, Cu, Co, Ni, Ta, W, Au, and Pb,
Values of the cross sections for inelastic scattering and the
transport cross sections are given for these materials.

40. INELASTIC SCATTERING CROSS SECTIONS OF 3.6 MeV
NEUTRONS BY ATOMIC NUCLEI
Batalin, V.A., Kopytin, N«S., (Inst. of Phys», Academy
of Sci., Ukrainian SSR)
Ukrain. Fiz. Zhur. 3S pp. 185-9 (1958) Mar.-Apr.

Measurements of the inelastic scattering of 3»6~MeV neutrons
on C, Na, Al, Fe, Zn, Se, Zr, Cd, Sn, Sb, Te, I, Pb, Bi,
and NaCl are presented* The inelastic cross sections were
determined by the sphere transmission method. The threshold
detector was a scintillation detector with ZnS(Ag) phosphor«
The threshold sensitivity of the detector was determined by
the excitation function of the S^ (n, p) p32 reaction» The
neutron source was the D(d,n)He* reaction» The deuterons
were accelerated by an electrostatic generator. Measurements
were corrected for energy loss due to elastic scattering and
for two inelastic collisions* The results are given in a table.
The investigations showed that the cross sections of inelastic
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scattering increase steadily with the atomic weight.
Deviation from the increase was found at the Zr, Pb,
and Bi nuclei.

41. EXPERIMENTS ON THE INELASTIC SCATTERING OF
NEUTRON BY URANIUM
Batchelor, R. (Atomic Energy Research Establishment,
Harwell, Berks, Eng«)
Proc. Phys. Soc. (London) A69 , pp. 214-20 (1956) Mar. 1

A helium-3 neutron spectrometer has been used to study
the spectrum of neutrons inside a spherical U shell,
3 cm thick, when the latter is bombarded with
monoenergetic neutrons of various energies between
500 kev and 1.0 MeV. The spectra of neutrons scattered
inelastically and also the cross sections for this process
have jieen derived$ and the results compared with those
predicted by current nuclear theory» Evidence for the
existence of the low-lying rotational levels of U " ^ is
presented, and at least one new level at 700 kev (and
possibly more at higher energies) has been found»
Qualitative confirmation has been obtained by measuring
the spectrum of neutrons from a U shell» 1 i » 5 cm thick,
with a neutron source in the center.

42. INELASTIC SCATTERING OF NEUTRONS BY THORIUM
Batchelor, R,, Towle, J.H. (Atomic Weapons Research
Establishment» Alder mas ton, Berks, Eng«)
Proc. Phys. Soc, (London) 73_, 193-200 (1959) Feb»

The inelastic scattering of neutrons of up to 1.6 MeV
energy by natural thorium and uranium was studied
using the m(xsec time of flight technique. Scattering
was observed to levels in Th232 at 0.05, 0.150 -f 0,015,
(0.30 +_ 0.02), 0.79 (two levels) and 1.09+_ 0.02 MeV.
The data obtained for U23& are in agreement with
previous work. Differential cross sections measured at
90° are also reported.

43. (n,2n), (n, p) AND (n,a) EXCITATION FUNCTIONS OF
SEVERAL NUCLEI FROM 7.0 TO 19,8 MeV
Bayhurst, B .P . , Prestwood, R. J«
LA-2493, Los Alamos Sci. Lab» (N. Mex.) (1961)

The excitation functions presented here in graph form were
compiled from tabulated data published in two papers by
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i.1 ^ r i \ r o 45 ^.46 ..-.58 _ 65
the authors, (n, in) cross sections tor Sc , Ti , Ni , Cu ,
^ ?0 A 75 ,,,85 ^ ,87 „ 84 ,,89 ,7 90 ^ 9 3 A 107 _ ,116
Ge , As , Rb , Rb , Sr , Y , Zr , Nb , Ag , Cd ,

115 „ 112 o ,121 , 123 181 . 197 203 , — 232
In , Sn , Sb , Sb , Ta , Au , Tl , and Th
are plotted at incident neutron energies ranging from 12 to 19.76
MeV. (n, p) cross sections for Sc 4 5 , As 7 5 , Sr^6 , Y8 9 , Zr 9 0 ,
Ag ' , Cd and Au and (n, a) cross sections for Al ,
c 45 , 7 5 89 ^ 9 2 94 _ 9 3 ^, ,112 _ 118 , . 197
Sc , As , Y , Zr , Zr , Nb , Cd , Sn , and Au
are plotted at incident neutron energies of 7.0, C«0, 12, 13.3
to 14.9, 16.5, 18.0, and 19.8 MeV.

54
44. INELASTIC SCATTERING OF 2.5 MeV NEUTRONS BY Fe

AND 5 6 Fe
Beghian, L . E . , Hicks. D. , Milman, B. (Clarendon Lab»,
Oxford, Eng.)
Phil. Mag. (7) 46_, pp. 963-7 (1953) Sept.

A Nal(Tl) crystal was used to study the gamma radiations emitted
by natural iron, F e ^ ^ and Fe56 scatterers . Gamma rays of
the following energies were observed: from natural iron
0.85 + 0.03, 1.22 + 0.05, 1.42 + 0.05 MeV. The 1.4-MeV
gamma ray was not present with the Fe^6 scatterer. A
1.37 + 0.05 MeV line was observed with the Fe^4 scatterer.
In addition the neutrons scattered from natural iron were
studied with a stilbene crystal, and groups corresponding
to levels at 0.85 +_ 0.03 MeV and 1.45 + 0.05 MeV were found.
On the basis of the above the followingTevels can be identified:
F e 5 6 0.85 +_ 0.03 MeV, 2.07 4 C.05 MeV, in F e 5 4

1.40 + 0.05 MeV. ~

45. FAST NEUTRON CROSS SECTIONS
Benveniste, J. UCRL, Livermore, California
Geneve 1958 P/2494 USA

Survey of experimental and optical model results,

46. GAMMA RAYS FROM THE INTERACTION OF 14 MeV NEUTRONS
WITH BERYLLIUM
Benveniste, J . , Mitchell, A.C., Schrader, C.D.,
Zenger3 J.H.
Nucl.Phys. 1_9_ (i960) pp. 52-61

9 7 7
The cross section for the Be {n,n') Li —> Li + Y (0.477 MeV)
reaction has been measured in t^e vicinity of 14 MeV by
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detecting the gamma-rays at scattering angles from
30° co 150°. A time-of-flight technique was used to
distinguish the gamma-rays from the high neutron
background. The cross section drops from 20 mb
at 13.6 MeV to 10 mb at 14.1 MeV and then rises to
30 mb at 14.7 MeV,

47. GAMMA RAYS FROM THE INTERACTION OF 14-MeV
NEUTRONS WITH CARBON
Benveniste, J.» Mitchell, A.C., Schrader. CD»,
Zenger, J.H.
Nucl. Phys. 1_9_, No. 4 (I960) pp. 448-452

The cross section for the C (njn') C ~>C + Y
(4.43 MeV) reaction has been measured near 14 MeV
by detecting the gamma rays at scattering angles of
30° to 150°. A time-of-flight technique was used to
distinguish the gamma rays from the high neutron
background. A least-squares fit to the data gives

rr (fi) = (13.3 +_ 0. 6) + (40.0 +_ 4.7) cos2 G -

(34.1 +_ 5.1) cos40

for the angular distribution. The integrated cross
section is cr ,„, = 2.49 + 2 8 mb.

7

48. THREE BODY BREAK UP
Berlin, T.H. and Owen, G.E.
Nuclear Physics, Vol. 5, pp. 669-676 (1958)

The continuous phase space distribution function is
evaluated for (n, 2n) processes. The constraints of
energy and momentum conservation are imposed in
the form of delta functions. To facilitate transformation
of the distribution function from the center of mass
coordinates to the laboratory coordinates, a general
form of the Jacobian is developed.

9 8
The Be (n, 2n)Be reaction is considered as an example.

49. CALCULATION OF THE DIFFERENTIAL INELASTIC
CROSS SECTION FOR COMPLEX NUCLEI
Bertini, H., and Zerby, C.D.
ORNL 3016 (Sept. 1960), p. 235

A program is in progress to calculate the differential
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energy and angular cross sections for the emission of particles
from complex nuclei when the latter are bombarded by pions
or nucleons in the energy range from 50 MeV to 30 Mev.
These cross sections are needed for the design of shields
for high-energy accelerators and rocket vehicles. The lower-
energy phase of the program (incident energy range from 50
to 300 MeV) is nearly complete. Some initial results are given
and compared with available experimental data.

50. INELASTIC CROSS-SECTIONS FOR FISSION-SPECTRUM
NEUTRONS-I
Bethe, H.A., Beyster, J .R., Carter, R, E.
J.Nucl. Energy, Vol. 3, 1956, pp. 207-223

The general problem of determining inelastic cross-sections
from sphere transmission measurements is considered.
Experimental problems encountered in this type of investigation
are discussed. Analytical methods of correcting for multiple
scattering and other important effects in spherical shells are
presented. These methods are applied to the determination of
average inelastic cross-sections of many materials for fission
spectrum neutrons. Experimental work with U"^ , Np » and
Al (n, p)Mg^^ threshold detectors is evaluated.

51. INELASTIC CROSS-SECTIONS FOR FISSION-SPECTRUM
NEUTRONS. II
Bethe, H.A., Beyster, J.R«, Carter, R.E.»
(Los Alamos Sci. Lab«, N.Mex.)
J.Nuclear Energy 3, pp. 273-300 (1956) Nov.

Discussions are included on the topics of anisotropic scattering
and the justification of the transport approximation in calculation,
the determination of escape probabilities, and the various
corrections to be made in calculations.

52. INELASTIC CROSS SECTIONS FOR FISSION-SPECTRUM
NEUTRONS. III ~
Bethe» H.A.., Beyster, J,R», Carter, R»E,
(Los Alamos Sci. Lab», N»Mex.)
J. Nucl. Energy 4t pp. 3-25 (1957) Jan.

237 238
Three neutron threshold detectors, Np and U fission
detectors and an A r (n,p)Mg activation detector, were
used in cross section studies. The basic characteristics of
the detector are briefly reviewed. The use of group theory
to study the behavior of a continuous spectrum of neutrons is
also discussed. Various experimental arrangements are
described. A detailed discussion of the effects which may
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cause uncertainties or errors in a sphere transmission
experiment is included. These effects include fast neutrons
not produced by the source room scattering of source
neutrons* scattering from supports* non-threshold
neutron detection V -ray effectss spurious counter effects,
and counter angular asymmetry,

53. INELASTIC CROSS-SECTIONS FOR FISSION-SPECTRUM
NEUTRONS. IV
Bethe, H.A., Beyster, J .R., Carter R.E.
(Los Alamos Sci« Lab.j N.Mex,)
J.Nucl. Energy 4» pp. 147-63 (1957) Feb,

Detailed analyses are given of experimental data obtained
with U238 , Np237 , and Al27(n,p)Mg27 threshold detectors.
Two»group analyses are included for data on Fe and Cd,

54. INELASTIC COLLISION CROSS SECTIONS AT i.0~»
AND 4.5-MeV NEUTRON ENERGIES
Beyster. J .R., Henkel, R. L., Nobles, R.A.,
(Los Alamos Sci« Lab« , N.Mex.)
Phys. Rev. 97, pp. 563-4 (1955) Jan. 15

Inelastic collision cross sections at the above energies were
determined by sphere transmission measurements for
Be, C, Al, Ti, Fe, Ni, Cu, Zn, Zr, Ag, Cd? Sn, W, Au,
Pb, and Bi.

55. INELASTIC COLLISION CROSS SECTIONS AT 1.0-,
4.0-, AND 4.5 MeV NEUTRON ENERGIES
Beyster, J .R., Henkel, R.L., Nobles» R.A., Kister, J.M.
Phys.Rev. 98, No. 5 (1955) pp. 1216-1224

Inelastic cross sections have been obtained from measurements
of sphere transmission for incident neutron energies of
i . 0, 4.0, and 4.5 MeV. Cross sections were measured
for Al, Fe,' Cu, Zn, Ag, Cd, Sn, Au, Pb, and Bi at the
three neutron energies. In addition, the carbon inelastic
cross section was measured at i.O MeV* the Be, C, Ti,
Ni, Zr, and W cross sections were measured at 4,0 MeV,
and the Ti, Ni» Zr, and W were measured at 4«5. The
cross sections were determined at about ten energy
thresholds of the neutron detector to obtain information
about the energy spectra of inelastic neutrons. The
experimental techniques and the method of evaluation
of the measurements are discussed» The results of this
investigation are compared with other determinations of
inelastic cross section.
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56. INTERACTION OF 1.0-, 1.77-, 2.5-, 3.25-, AND 7.0-MeV
NEUTRONS WITH NUCLEI
Beysterj J .R., Walt; M., Salmi, E.W.
Phys.Rev., Vol. 104, No, 5, Dec. 1, 1956, pp. 1319-1331

The differential cross sections for elastic scattering of
2.5-MeV neutrons by Alf Fe, Zr, Sn, Ta, and Bi were
measured over the angular range from 15° to 160°, At
7.0 MeV similar measurements were made for Be» C» Al,
Fe, Zr, Sn, Ta, and Bi angles ranging from 12° to 150°.
Inelastic collision cross sections were determined by sphere
transmission measurements for a number of elements at
1.0-, 1.77-, 2.5-, 3.25-, and 7-MeV neutron energies»

By using an optical model of the nucleus, cross sections for
elastic scattering and for compound nucleus formation were
calculated. With suitable choices of the optical model para-
meters the calculated cross sections are in reasonable
agreement with the experimental values.

57. PREDICTIONS OF FAST NEUTRON SCATTERING DATA
WITH A DIFFUSE SURFACE POTENTIAL WELL
Beyster. J .R., Schrandt» R.G., Walt, M., Salmi, E.W.
LA-2099, Dec. 1956

Parameters for optical potentials for 2 6 nuclides. No spin-
orbit coupling» Transmission coefficients calculated»

58, ELASTIC SCATTERING OF 7 MeV NEUTRONS
(Theoretical Curves)
Björklund, F . , Fernbach, S.
UCRL-4927-T (1958)
See also A/Con£. 15/P/649 (1958)

Theoretical differential cross sections computed from the
optical model for 7-MeV neutrons are presented for a large
number of nuclei. The parameters used for the calculations
were selected on the basis of best fit to existing experimental
data.

59. PHENOMENOLOGICAL ANALYSIS WITH SPHERICAL
POTENTIALS
Björklund, F. (Calif.)
Proceedings of the international conference on the nuclear
optical model, 1959, pp» 1-10, Florida

Discussion on phenomenological analysis of nucleon-nuclear
scattering with spherical'potentials at a number of energies,
a.o. 14 MeV and 26 MeV neutrons.
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60. INELASTIC DIFFRACTION SCATTERING
Blair, J.S.
Phys. Rev. 115* pp. 928-38 (1959) Aug. 15

The mechanism of inelastic diffraction scattering,
introduced by Drozdov and Inopin to discuss scattering
from nuclei with quadrupole surface deformation, was
extended for scattering amplitude linear in the deformation
to arbitrary multipolarity. The resulting angular
distribution and gamma-ray angular correlations
correspond closely to Born approximation predictions.
The model provides a natural explanation for why the
inelastic angular distributions of strongly absorbed
projectiles are characterized by shape and persistent
oscillations. Comparison is made to observed inelastic
scattering of alpha particles and deuterons by light
nuclei. Large quadrupole deformations are indicated
in many nuclei» The systematic appearance in 4n
nuclei of states corresponding to octupole excitation
is noted.

61. GAMMA-RAY CORRELATION FUNCTION IN THE
ADIABATIC APPROXIMATION
Blair» J .S. , Wilets, L. (Univ. Washington, Seattle,
Washington)
Phys. Rev. Letters, Vol. 6, No. 1, Jan. 1, 1961,
p. 41

The gamma-ray correlation function following inelastic
excitation of an even-A nucleus by a spinless projectile
has been analyzed employing only the adiabatic
approximation and theorems relevant to elastic
scattering. The direction making equal angled with the
incident and scattered directions in the scattering plane,
the adiabatic recoil direction, is a convenient axis for
quantization. In particular, the intermediate (excited)
nucleus is populated with only even M states, from
which it follows that the gamma distribution is unchanged
by a rotation of % about this axis. For a 0 -2 -0
excitation de-excitation, the gamma distribution in the
scattering plane reduces to the form sin^ [2'(0v ~ 9 )]»
where Ö is the adiabatic recoil axis» Comparison is
made to the similar predictions of plane-wave Born
approximation theories (in which the recoil direction
for finite energy transfer is the symmetry axis) and
to distorted-wave Born approximation calculations
(for which in general there is no simple expression
for the symmetry axis). Analysis of expei*iments verifies
the general features of the model, but further data
obtained from forward scattering would be desirabel
to distinguish between the predictions of the adiabatic
and Born approximations. Brief comments are made
regarding gamma-ray polarization.



62, ON THE JUSTIFICATION OF THE OPTICAL MODEL
Bloch, C« (Saclay* France)
Proceedings of the international conference on the nuclear
optical model, 1959, pp. 178-194, Florida

Discussion o£ the optical model starting from a theory similar
to Lippman-Schwinger theory.

63, KINEMATICS OF THE RELATIVISTIC TWO BODY PROBLEM
Blumbergs L . , Schlesingers S.I.
LAMS-1718, 1960

The kinematics of elastic scattering, inelastic scattering and
the two body reaction problem is developed in the relativistic
limit* Exact expressions were obtained for the energies^
angles.» and solid~angle transformations involved. The results
are specialized for zero rest mass of one or more of the
particles involved. An outline for the coding of the problem
on the IBM-701 is presented.

64. ANGULAR DISTRIBUTION OF 14-MeV NEUTRONS INELASTICALLY
SCATTERED ON CARBON* NITROGEN AND SULFUR
Bobyr % V.V. , Gröna., L» Ya., Strizhak, V.I.
Soviet Physics JETP, Vol, 14, No. i , January 19 62d pp* 18-19

The angular distributions of neutrons inelastically scattered on
C9 N and S nuclei with excitation of the first excited states of
these nuclei are measured. The results are in agreement with
calculations according to the direct interaction modej.»

65. NUCLEAR LEVELS EXCITED BY INELASTIC NEUTRON
SCATTERING
Boley, F . I . s Thorndike» E.H.» Moffet, A. T.
Phys. Rev,, 110, No, 4, May 15 1958, pp, 915-922

Gamma-ray, neutron, and gamma-gamma coincidence spectra
have been obtained from inelastic interactions of 2.48-MeV

31 55 59 75 93 209
neutrons with P ,"Mn s Co" , As , Nb , and Bi « The
following previously unreported gamma rays have been
observed: Co59 2.11 +_ 0.05, 0,698 + 0.0i5 s 0,559 + 0,022,
0.132 + 0.010 MeV| As?5 1 o 81 + 0,U4s 1.61 + 0, 04~MeVj
Nb93 2. 11 + 0.08, 1.94 + 0a07s T. 52 +_ 0.04, IT. 345 + 0»017 MeV.
Evidence has been found for the existence of a 1«56 +" 0,03 MeV
level in Mrr" and pissibly a L0Z + 0.05 MeV level in As^5,
The following previously unreported coincidences have been
observed: Co5^ 0*132 - 2.11 MeV| and As?5 0,578 - 0.136
MeV.
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66. NONELASTIC SCATTERING CROSS SECTION FOR
8-20 MeV NEUTRONS
Bonner, T.W., Slattery, J .C .
Phys. Rev. t i 3 , No. 4 (1959) pp. 1088-1090

Measurements of the nonelastic scattering cross section
for neutrons with energies of 8.2, 9*8, 15» 5, 17, 04 18» 5?
and 20.5 MeV have been made in Cus Ag» Sbs Pb4 and'Bi.
Cross sections were determined from transmission through
spherical shells. Neutrons of 8.2 and 9» 8 MeV were
obtained from the reaction Be9(a,n)C^-2 and the higher
energy neutrons from the reaction T^(d,n)He^'. Biased
scintillation detectors were used so that lower energy
neutrons were not counted. The results show that the
nonelastic cross sections decrease slowly with increasing
neutron energy* in contrast to the cross sections for
elastic scattering which show broad maxima at 7S 13,
13, 18» and 18 MeV, respectively» For Cu, Ag» Sn, Pb$
and Bi the ratio of the nonelastic cross sections to the
elastic cross sections vary from a maximum value of
1,05 T 0* 05 to a minimum of 0,71 + 0.05 in the energy
range~which was covered.

67. GAMMA-RAY ANGULAR DISTRIBUTIONS FROM (n,riiV)
24 55 56

REACTIONS IN Mg , Mn , AND Fe
Boring* J .W.j McEllistrem» M.T«S (Univ, of Kentucky)
Bull. Am. Phys» SocB Ser. II, 5S I960, p. 369

Angular distributions of prompt "Y -rays following inelastic
neutron scattering were measured from 0 deg to 90 deg
with a Nal(Tl) detector mounted in a large collimator
of paraffin» Li^CO? and lead. Neutrons at an energy
of 2.9 MeV and with an energy spread of approximately
170 kev were incident upon solid cylindrical samples.
The angular resolution was +10.5 deg for Mg and
Fe and +17 deg for Mn. The pulsed beam neutron
source permitted the discrimination of the prompt
gamma rays from neutron induced and other background
by measuring coincidences between the beam pulses
and the prompt gamma rays. Beam pulse widths of
(11-12) ns were used$ leading to an overall instrumental
resolution of (12-13) ns» Pronounced anisotropies are
observed in the gamma-ray distributions»

68. DIFFERENTIAL CROSS SECTIONS FOR (n,n'Y)
REACTIONS IN SEVERAL NUCLEI
Borings J .W., McEllistrem* M. T,
Phys,Rev. 124, No. 5S Dec. 1, 1961, 1531-1537

Differential cross sections for the production of gamma
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rays by inelastic neutron scattering have been measured and
compared with the predictions of the statistical model*
employing a diffuse surface complex potential to represent
the neutron-nucleus interaction. Transitions have been
observed in Mg24, Mn55

s Fe56» and Pb 2 0 6 . Predictions
of the statistical model were in good agreement with total
(n, n'Y) cross sections measured for first-excited state
transitions in Fe^6 and Mg , and in agreement with measured
transition rates from the second and third excited states of
Fe^". Angular distributions for Mn^5 transitions are consistent
with recent spin assignments for the second and third excited
states, but the comparisons of the measured and calculated
total cross sections are not as satisfactory as the comparisons
in Fe5^ and Mg24.

69. CROSS SECTIONS OF SOME (n,na)-REACTIONS FOR INCIDENT
NEUTRONS IN THE 12-19 MeV ENERGY RANGE
Bormannj M«s Cierjacks., S«s Langkaus R», and Neuertj H.
Zeitschrift filr Physik, 166. Band, 5. (Schluss-)Heft,
Februar 1962

Cross sections of some n, riY -reactions have been investigated
in the energy range of the neutrons from 12 to 19. 6 MeV by
measuring the radioactivities produced» Neutrons of these
energies were produced by bombarding a thin tritium-target
with 3 MeV-Deuterons» In all cases considered the cross
section increases rapidly with the neutron energy»gy

\?7 \ *K*K Ä1 ^Q A "3
In addition some n, 2n-reactions (j , Ca , Br , Co , Cu )
were studied in the same wayj the results were compared
with cross sections which were calculated according to the
statistical theory.

70. NEUTRON INTERACTIONS IN Fe, Pb, AND Ni
Boström, N«A., Morgan, I», Prud "nomine, J.Io,
Okhuysen, P .L . , (Texas Nucl, Corp., Austin)
AD-154995, Feb. 14, 1958, p. 64

A study of the interaction of fast neutrons in iron and lead has
led to an investigation of the energy distribution of inelastically
scattered neutrons, gamma-ray production cross sections due
to inelastic neutron scattering, the angular distribution of
intense gamma rays due to inelastic neutron scattering, and
the production of high energy gamma rays due to neutron
capture. The associated particle, time-of~flight technique
was employed in determing the energy distribution of
inelastically scattered neutrons at E =14.9 MeV. Gamma
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ray production cross sections in iron and lead were measured
at En = 1,0, 3.51» 3.82, 4.11, 4.36S 4.6is and 14.9
MeV« Cross sections for production of 2e62 MeV gamma
rays due to inelastic scattering in Pb^^° were measured
in 200 kev intervals in the energy region of 3«0 to
4,5 MeV» The angular distribution of gamma rays emitted
from the 0,843 MeV level in iron was determined at
En = 4.6i MeV» Production cross section for 6,0 and
8.0 MeV gamma rays due to capture in nickel and lead
was measured in the neutron energy region of 0.100
to 1.0 MeV.

71. INELASTIC SCATTERING OF FAST NEUTRONS FROM
NITROGEN AND OXYGEN. (Period covered); August 31,
1956 to February 28» 1958
Boström, N»A.» Morgan* I. L.» Prud*homme» J«T»,
Okhuysen, P.L» (Texas Nucl. Corp», Austin, Tex.)
WADC-TR-58-88, Feb. 1958, 65p.

An investigation of the inelastic scattering of neutrons
from oxygen and nitrogen was made in order to determine
inelastic neutron cross sections and gamma-ray production
cross sections» A single crystal Nal(Tl) spectrometer was
used to detect gamma rays from oxygen and nitrogen in
the neutron energy ranges from 3.4 to 5.05 MeV and from
14.9 to 17 MeV. Cross sections for production of the
2.30 MeV gamma ray in N and the 6,1 MeV gamma
ray in O were measured at several energies. An
associated particle time~o£-flight technique was
developed and used to measure the energy distribution
of the neutrons inelastically scattered from oxygen
at 14,9 MeV» A pulsed beam time-of-flight spectro-
meter was constructed and tested and some preliminary
results obtained» A detailed discussion of the time-of-«
flight apparatus is includeds

72. NEUTRON INTERACTIONS IN LITHIUM, CARBON,
NITROGEN, ALUMINUM, ARGONS MANGANESE*
YTTRIUM, ZIRCONIUM, RADIOLEAD3 AND BISMUTH
Boström, N.A., Morgan, I. L., Prudiiomme, J«I.»
Okhuysen, P,L», Hudson, O. M. Jr ,
WADC Technical Note 59-107, Feb. 1959

Inelastic Gamma Ray Production Cross Sections for Yttrium,
Zirconium, Radiolead» and Lithium.

Angular Distributions of Cross Inelastic Gamma Rays from
Lithium, Yttrium, Zirconium, Radioleadj and Bismuth,
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Elastic Scattering of Fast Neutrons from Lithium, Carbon,
Yttrium, Zirconium., Radiolead, and Bismuth»

27 27
Cross Section Determinations for the Reactions Al (n»p)Mg

A 4 0 (n,Y)A4l
f Mn5 5(n s^)Mn5 6

s Y8 9(n J7)Y9°, and
l 4 i 5

Cross Section for the Reaction Mn (n,\)Mn at Neutron
Energies of 40 Kev and 3.5 MeV.

89 90
Cross Section Determination for the Y (n9"Y)Y reaction
in the Energy Range of i 00 Kev to 680 Kev»
Cross Sections for the Reaction A (n»Y)A for Neutron
Energies between 100 Kev and l»0 MeV«

14 15
A Determination of the N ' (n, Y)N Cross Section at
E = 9 5 + 1 5 Kev.

n —

73. INTERACTION OF FAST NEUTRONS IN IRON, LEAD,
OXYGEN, AND NITROGEN
Boström* A«» Morgan* I. L*, Prudliomme» J«T»S

Okhuysen, P . L . , Hudson J r , O.M.
WADC Technical Report 59-31 AD 216652

Inelastic Scattering of 3*67 MeV, 4.21 MeV* and 15,2 MeV
Neutrons from Iron and Lead using a pulsed beam time-of-flight
spectrometer*

Gamma ray production cross sections for iron, lead» nitrogen,
and oxygen.

Angular distributions of gamma rays due to inelastic scattering
of neutrons in iron and lead»

Elastic scattering of 3.67 MeV, 4.21 MeV, and 4.70 MeV
neutrons from iron and leads

Neutron capture in nickel.

74. COMPOUND NUCLEAR THEORY AND THE OPTICAL MODEL
Bowcock, J.
Proc . of the Phys. Soc. Ser. A, Vol. 70 (1957) pp. 515-52 8

A formalism is developed to relate the total cross section for
low-energy nucleon nucleus scattering to the cross section due
to a potential well. By introducing the intermediate model of
Laue* Thomas and Wigner for the compound nucleus statess a
simple relation between these two cross sections is obtained.
The method of extracting a potential well to replace the hard
sphere scattering and the scattering from *far distant* levels
is given and then extended to find the well which describes the
average total cross section»
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75. NEUTRON TOTAL, CROSS-SECTIONS IN THE ENERGY
RANGE 15 TO 120 MeV
Bowen, P.H., Scanlon, J . P . , Stafford, G.H.»
Tresher, J . J . , Hodgson, P.E»
Nuclear Physics, Vol. 22, 1961, No. 4, pp. 640-662

A neutron time-of-flight spectrometer has been used to
measure the neutron total cross-sections of hydrogen,
carbon, aluminium, copper, cadmium, lead and
uranium at 64 energies in the range 15 to 120 MeV»
The results are compared with previous work in this
energy range and are analysed in terms of the optical
model of the nucleus»

76. INELASTIC SCATTERING OF 18.9 MeV NUCLEONS
FROM THE 9.6 MeV STATE OF C1^
Brandford, E. , Robson, B.A.
Phys.Rev, Letters, Vol. 6, No. 10, May 1961,
pp. 550-551 .

77, THEORY OF RESONANCE REACTIONS AND ALLTED
TOPICS
Breit, G.
Handbuch der Physik, Vol. XLI, Nuclear Reactions
II. pp. 1-407

Elementary viewpoints and the simpler models. The
Wigner development.Phenomenological treatment and
appli c ati ons .

78. CROSS-SECTION FOR THE (n,2n) REACTION ON C1

N 4 , O1 , AND F 1 9 IN THE 10 TO 37 MeV ENERGY
RANGE
Brill, P .D. , Vlasov, N.A.
Doklady Akad.Nauk S.S.S.R., 136:55-7 (Jan. 1,1961)

Cross sections of (n, 2n) reactions on light nuclei at
10 to 35 MeV were measured using neutrons from
D(d,n)He3 and T(d,n)He4 reactions excited by 20 MeV
deuterons. Solid ZnT and gaseous deuterium, were
used as targets. The activities of prepared specimens
of carbon, ammonium nitrate and teflon (CF2)
irradiated by neutrons at 0° under standard conditions
were measured with Geiger counters. The absolute
magnitude of (n,2n) reaction cross sections was
determined for carbon at En = 34 MeV and for fluorine
at En = 25 and 14 MeV. The 14-MeV neutrons were
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obtained in T(d,n)He reactions* The results are plotted and
the absolute determined with an order of accuracy of + 30%,
The neutron energy spread had a maximum of 0.7 MeV. In
spite of the high level of error , the cross section curves
plotted as functions of energy are considered reliable»
A definite drop in cross sections following the C ^s N ,
and O maximas was observed. The small reaction cross,
sections in comparison to the total inelastic interaction
cross sections is a peculiar characteristic of C a N *
and O • The mechanism of the (n,2n) reaction on light
nuclei can be described as a combination of direct "knocking
out" of a neutron and neutron pick-up similar to that in
(n»d) reaction.

79. (n,2n) REACTIONS IN QiZ
3 Cu6 3 , AND Mo92

Brolley J r , J . E . , Fowler, J . L . , and Schlacks» L. K.
The physical Review, Vol. 88, pp. 618-621 (1952)

Using the method of induced radioactivity we have measured
the (n, 2n) cross sections of C1^, C u w , and Mo'^ as a
function of energy from threshold to 27 Mev« The positron
activities of 20» i 0, and 15»5 min, respectivelys were
employed. K-capture corrections were applied to the copper
and molybdenum data, We have compared the copper and
molybdenum data with the statistical theory of Weisskopf
and collaborators and find satisfactory agreement from
threshold to the onset of tertiary reactions»

80» AN ANALYSIS OF THE REACTIONS INDUCED IN COMPLEX
NUCLEI BY NUCL.EONS WITH ENERGIES BETWEEN 10 AND
20 MeV
Brown* G, s Muirhead, Ho (Department of Natural
Philosophy, Univ. Glasgow)
Philosophical Magazine, Vol. II, 1957, ppB 473-490

Calculations have been made of the absolute values of the
cross sections for processes of the type»

which have been induced by nucieons with energies between
10 and 20 MeV.

It has been assumed that the target nucleus may be represented
as a Fermi gas of nucieons, and that the nuclear processes
proceed by direct interactions between the incident particle
and the target nucieons» followed by the de-excitation of
the nucleusj the ejection of a particle can occur during either
process.
Comparison between the calculated and experimental data



for the total cross sections, energy spectra and angular
distributions of the emitted particles^ indicate satisfactory
overall agreement except for the process N (psp'*) N^»

Empirical evidence is cited3 which indicates differences
in the level densities of the excited states of even-even»
even-odd and odd-odd nuclei»

81. THE OPTICAL MODEL AT LOW ENERGIES AND
DISPERSION THEORY
Brown, G.E.* De Dominicis» C.T«
CEA No 1116 also published as Proc, Phys» Soc.
(London) Vol. 729 pt. 1, No. 463# p. 70 (195$

Neutron »scattering in the low energy region where the
compound levels are well separated is considered in
detail» It is shown that the average phase can be .
reproduced by that calculated from a complex
potential» The imaginary part of this potential is
simply related to the absorption out of the incident
beam into compound states» Formulas for the average
behaviour of various quantities are derived in a simple
and straightforward fashion»

82. FOUNDATIONS OF THE OPTICAL MODEL FOR NUCLEI
AND DIRECT INTERACTION
BrownÄ G. E.
Reviews of Modern Phys., Vol. 31* No» 43 Octa 1959*
pp. 893-919

83. FOUNDATIONS OF THE OPTICAL MODEL AND DIRECT
INTERACTIONS
Brown, G*E.
Proc» of the Int» Conf« on Nuclear Structure* Kingston
1960, pp. 135-145

84. POLARIZATION OF 0.3 TO 1.4 MeV NEUTRONS
SCATTERED BY COPPER, ZINC, MOLYBDENUM,
AND CADMIUM
Brown, D., Ferguson, A. T., Whites R.E,
Nuclear Physicss Vol, 25» No. 4S June 1961,
pp. 604-610

Measurements have been made of the polarization of
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0»5 to 1«5 MeV neutrons elastically scattered by Cus Zn, Mo
and Cd at 55° and Cu and Mo at 90°. Marked departures are
found between the results obtained and the predictions of
optical model calculations including a real spin-orbit
potential.

24
85. fa»-^)- CORRELATION FOR Mg(n,n'} BY 3,25 MeV

Brugger» H.R.» Niewodniczanski, T,» and Steiger, M.P.
(Ziirich)
Helvetica Physica Acta, vol. 35» (1962)

24 24
The reaction Mg(n,n'"<) Mg leading to the first state at
1.37 MeV has been investigated experimentally by measurement
of the excitation function and of the n'-Y -correlation. The
excitation function for the energy range En - 2» 9 to 3.6 MeV
was determined from measurements of the 1,37 MeV Y -yield
at a mean angle of emission 9 = 90° with respect to the
incident neutron direction (all quantities are expressed in
the c enter-of-mass system)« The n'-'Y -correlation was
measured at En » 3.25 MeV ( AEn = + 0.05 MeV) with ring
geometry using a fastslow coincidence circuit with a time
resolution 21 = 9 ns, The correlation function W( 9 n", 6Y)
was determined for scattering angles On'between 98° and
156° at Gv = 25°, 35° and 45 . Results are in good agreement
with predictions of the statistical model using the transmission
coefficients for a Woods-Saxon type potential without spin-orbit
coupling. Details are given of a procedure to eliminate the
influence of finite geometry, absorption and multiple scattering
upon measurements taken with ring geometry.

86. ELASTIC AND INELASTIC NEUTRON SCATTERING
Buccino, Hollandsworth, Bevington, Kapadia, Pettit, Lewis
Wash - 1034, December 4-5, 1961, p. 13, Reports to the
AEC nuclear cross sections advisory group

Measurements of the energy distribution of neutrons inelastically
scattered from Y, Zr,Nb, Mo, Rh, Pd, Ag» Cd, In, Sn, Sb,
Te, I, B a, La, Pr, Nds Gd, Er, Ta, W, Pt, Au, Hg» Tl» Pb»
Bi, Ths and U are planned for the immediate future^ A time-
of-flight spectrometer with a time resolution of about 7
nanoseconds and a flight path of 1.3 meters will be used.
Measurements are planned for 500->kev steps over the energy
range of 4.00 to 7.00 Mev incident energy» using neutrons
emitted at 0° from the D(d$,n) reaction» The data will be
taken at a scattering angle of 90°«
At a later date we plan to measure the angular distribution of
high energy neutrons elastically and inelastically scattered
from the elements listed above»
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87. OPTICAL, MODEL ANALYSIS OF NUCLEAR SCATTERING
Buck, B«, Maddisons R.N., Hodgson, P»E»
Philosophical Magazine, Vol« 5, No. 59* Nov. I960,
p. 1181

The mathematical methods used in a calculation of
nuclear interactions by the optical model are described»
and the most efficient way of programming the calculation
for an electronic computer investigated»

88. THE CALCULATION OF INELASTIC SCATTERING
CROSS SECTIONS
Buck, B. (Oak Ridge)
ORNL-3193, UC-34 Physics, TID-4500, pp. 254-258 1961

It has become evident in recent years that many inelastic
scattering processes cannot be explained satisfactorily
on the basis of the compound nucleus theory» The
Distorted-Wave Born Approximation, a direct interaction
theory approach, gives a good account of many inelastic
reactions but breaks down when the interaction strength
is not small. A strong-coupling theory has therefore been
examined by construction of a pilot calculation to investigate
the strong coupling of two nuclear levels, specifically, a
ground state (F and a first excited state 2+, Coded for
the IBM-7090 computer, the calculation gives the total
absorption cross section, the total inelastic cross section,
and the elastic and inelastic differential cross sections»
If the incident particles are neutrons, the total nuclear
and total elastic cross sections are also obtained» The
code is operating successfully^' and the results obtained
to date appear to show good agreement with available
comparison data.

89. NEUTRON CROSS-SECTIONS OF SELECTED ELEMENTS
AND ISOTOPES FOR USE IN NEUTRONICS CALCULATIONS
IN THE ENERGY RANGE 0.025 eV - 15 MeV
Buckingham, B*R»S«, Parker, K«, Pendlebury» E»D,
AWRE Report No, 0-28/60, 1961

Compilation of data available up to April I960, where
theoretical and experimental data are lacking estimates
have been made.
Nuclides and elements covered are;

H , H2, He3, He4, Be9, B, B i O
s C, N, O, F*9 , Na23,

Al27, Si, Cl, Ca, Cr, Fe, Ni, Cd, Pb, Th232,
TT235 TT238 „ 239 „ 240 „ 241
U , U , Pu s Pu , Pu e
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90. NUCLEAR REACTIONS* LEVELS, AND SPECTRA OF LIGHT
NUCLEI
Burcharrij W.E.
Handbuch der Physiks Vol. XL* Nuclear Reactions I,
pp. 1-20

Nuclear level schemes for the light nuclei» General features
of the nuclear reactions. Experimental methods for studying
energy levels» Experimental evidence on nuclear reactions*
Energy level schemes»

91. DIRECT NUCLEAR REACTIONS
Butler, S.I.
Phys. Rev», Vol. 106, No» 2S i957, pp» 272-286

It is fee contention of this paper that the large majority of
nuclear reactions which proceed to a low-lying level of the
final nucleus are predominantly direct reactions with
stripping-like angular distributions. It is seen that reactions
of the form (p*p')* (asa "')» (a-»p)» etc» have essentially
as much chance of proceeding directly as does the deuteron
stripping or pickup reaction. This latter reaction no longer
appears in a category of its own» but merely as one example of
a whole gamut of types of reactions which proceed via a
characteristic direct process. Differential cross sections
for the general class of direct reaction are calculated* and
closed-form expressions obtained by means of the same
approximations originally employed for the deuteron
stripping reaction. It is seen that the angular distributions
are dependent on the spins and parities of the initial and
final nuclei involved, and are thus capable of yielding
information regarding these properties i moreover the
absohite magnitudes are capable of yielding interesting
information concerning nuclear structure» Comparison
between theory and experiment are made for a few typical
reactions.

92. GAMMA RADIATION FROM INELASTIC SCATTERING OF
14-MeV NEUTRONS BY THE COMMON EARTH ELEMENTS
Caldwell, R. L., Mills, Jr. W.R»., Hickman» J .B . , Jr .
Nucl.Sci, and Engn. Vol. 8S pp» 172-182 (I960)

Gamma rays in the energy range Z to i 1 MeV produced by
inelastic scattering of 14-MeV neutrons by nine elements were
measured at a mean angle of 90 deg» Excluding carbon and
oxygen» the maxinTum energy gamma rays varied from about
8 MeV for phosphorus to about 10.5 MeV for magnesium and
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11 MeV for silicon» Resolved gamma rays were observed
from carbon (4.43 MeV), oxygen (6.1 and 7 MeV)»
silicon (1.78 MeV), aluminum (2.2 MeV), phosphorus
(2.2 MeV) sulfur (2.2 MeV), and calcium (3.7 MeV).
In the energy range 4-6 MeV there are indications of
individual gamma rays in silicon! no resolved gamma-
ray peaks above 2 MeV were observed for iron and
magnesium. Except for carbon and oxygen, the intensity
of gamma rays decrease with increase in energy and
varies from about 3 to 9 times higher at 2-3 MeV than
at 5-6 MeV. Gamma-ray production cross sections are
given for each element, relative to the known cross
section for carbon. The ratio of the integrated cross
section for gamma-ray production above 2 MeV for the
nonelastic neutron cross section varies from 0.59 for
sulfur to 0.99 for iron.

93. SOME OPTICAL MODEL, CALCULATIONS
Campbell, E.I», Feshbach, H. , Porter, L.E.» Weisskopf, V.F.
TID-5820 (Feb. 1960) First issued as M.I.T. Lab. for
Nucl. Sci» Technical Report No. 73, i960

Optical model parameters fitted in regions 0< E<4 MeV,
16<A<238. Total cross sections and angular distributions
given at 1.0, 2.5, 4.1 MeV.

94. SIMPLE REALISTIC TREATMENT OF NUCLEAR DIRECT-
INTERACTION PROCESSES
McCarthy, I .E. , Pursey, D. L. (Department of Physics,
Univ. of Calif., Los Angeles, Calif.)
Phys.Rev., Vol. 122, No. 2, April 15, 1961,
pp. 578-590

Physical arguments are used to predict qualitatively
the effect on direct-interaction differential cross sections
of the distortion of the wave functions of the scattered
particle. These qualitative predictions are comfirmed
by calculations using a simple but fairly realistic model
for the wave function distortion in (a, a ') scattering»
The model used is based on examination of the properties
of optical model wave functions. Good fits to experimental
data are found using the model for (a,a ') scattering
in the energy range 20-40 MeV for scattering angles
less than 90°. Features of direct-interaction processes
involving nucleons are interpreted in terms of a focus •
in the optical model wave functions for these particles,
but detailed calculations are not presented,
(see also Phys. Rev. Letters, Vol».6, (1961),
No. 4, p. 207, Feb. 15)
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95. DEUTERIUM AND BERYLLIUM (n,2n) CROSS SECTIONS
BETWEEN 6 AND 10 MeV
Catron, H.C., Goldberg, M.D., Hill, R.W., LeBlanc, J .M. ,
Stoering, J . P . , Taylor, C.J . , Williamson* M.A.
Phys.Rev., Vol. 123, No. 1, July 1, 1961, pp. 218-220

The (n, 2n) cross sections of deuterium and beryllium have
been measured for incident neutron energies in the range
from 6 to 10 MeV using a large liquidscintillator. The cross
sections in barns obtained for deuterium were 0.067 + 0.07 at
6.11 MeV, 0. 073 +_ 0. 07 at 6. 55 MeV, 0. 088 + 0. 09 aT
7.32 MeV, 0. 11 + 0.010 at 8,26 MeV, and 0, R + 0.015 at
10.2 MeV. The beryllium cross sections were ÖT55 + 0.08
at 6.55 MeV, 0.56 +_ 0.07 at 7.32 MeV, and 0.63 -̂  0T09
at 8.25 MeV.

96. ROTATIONAL-OPTICAL MODEL FOR SCATTERING OF
NEUTRONS
Chase, D.M., Wilets, L. , Edmonds, A.R.
Phys. Rev., Vol. iiO, No. 5 (1958), pp. 1080-1092

The scattering of neutrons by a deformed, rotating, even-even
nucleus has been investigated with a diffuse-surfaced complex
potential eviployed» Two essential approximations, for which
justification is presented, are made: (1) Nuclear excitations
corresponding to I> 6 are ignored. (2) In the expansion of
the nuclear potential, V(r, Q ") - 23v/ (r) P;\ (cos© ' ) , terms
with A > 4 are emitted. Comparison with earlier calculations
by other authors, employing a distorted-wave Born
approximation and 6 -function interaction, indicates that the
earlier work seriously overestimated direct excitation» At
low energies ($ ,1 MeV), the excitation cross section given
by the direct process is small compared with excitation
through the compound nucleus, but the direct process may
contribute significantly to the angular distribution due to
its large anisotropy. The relevance of this work to the mea-
surements of the differential cross section for excitation
of the 1 = 2 first excited level of U ^ is discussed in some
detail. The general features of the experimental variation
of the strength function F n 9/D and potential-scattering
length R' with mass number at low energy have been
reproduced by a calculation with suitably varying deformation.

97. EXCITATION OF NUCLEAR ROTATIONAL MOTION BY
NEUTRON SCATTERING
Chase, D.M., Wilets, L«, Edmonds, A.R.
AECD-4270 (1957)
(Los Alamos Sci. Lab. , N. Mex. and Inst, for Teoretisk
Fysik, Copenhagen)
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The sc attering of neutrons by a rotating, deformed,
even-even nucleus was investigated» a complex
diffuse potential being employed» Two essential
approximationsj for which, justification is presented
are made: (1) Nuclear excitations corresponding to
Ij> 6 are ignored. (2) In the expansion of the nuclear
potentials V(r, £ ' ) 2 v^ (r) F^ (cos© ")» terms
with \ > 4 are emitted» Comparison with earlier
calculations by other authors employing a distorted-
wave Born approximation and 6 -function interaction
indicates that the earlier work seriously overestimated
direct excitation* At low energies (£.1 MeV)j the
excitation cross section given by the direct process
is small compared with excitation through the compound
nucleus, although the direct process may contribute,
significantly to the angular distribution due to its
large anisotropy. The relevance of this work to the
measurements by Cranberg and .Levin of the
differential cross section for^excitation of the
1 = 2 first excited Jevel of U^8 is discussed in some
detail. The model is also used to calculate the strength
function Fn °/D, the nuclear deformation being varied
with A in accordance with experimentally observed
quadrupole moments, The fit to experimental values
of the strength function is considerably better than
that obtained from various other models»

98. CROSS SECTIONS .FOR NEUTRON-INDUCED REACTIONS:
A REVIEW OF PHENOMENOLOGICA.L DESCRIPTIONS
Chase, D.M., Klahrs C.N., Temkin, A»
WADC-TR-58-79

The descriptive framework for treating nuclear reactions
and current phenomenological models and methods for
calculating nuclear cross sections are reviewed with
particular reference to neutron-induced events at energies
up to 14 MeV. General scattering theory for two-body
systems is developed. Resonance theory is described
from an elementary point of view, and results of the
derivative-matrix formulation are discussed. In
connection with the .gross-structure (energy-average)
problem and the continuum region, an account is given
of the strong-interaction and optical models. The
rotational-optical model for deformed nuclei is described.
The statistical model for branching ratios is developed
in a general form» Considered in the course of this
development are the generalized gross-structure
problem, branching ratios in the limit of continuous
density of residual levels, the relation of the statistical
assumptions to resonance theory» and inclusion of
radiative capture. Some comparison of calculations
with experimental results is included»
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99. FINAL REPORT FAST NEUTRON CROSS-SECTIONS OF
OXYGEN AND NITROGEN
Chase, J r . , L .F . , Smith, R.V., Johnson, R.G., Vaughn, F . J . ,
(Air Force Special Weapons Center, Air Research/ M« Walt
and Development Command, Kirtland Air Force Base,
N.Mex.)
AFSWC-TR-61-15, 1961

100. CALCULATIONS IN NUCLEAR EVAPORATION THEORY
Chasman, R. (Argonne Nat. Lab., Argonne IU.)
Phys.Rev., Vol. 122, No. 3, May I, 1961, 902-907

Methods are developed for analytic treatment of problems in
nuclear evagoration.theory using the level density formula
exp £2[a(E"*- €) ] ^-/^j . Several useful expansion are g&vesj.
with their ranges of validity. Comparisons made with
existing calculations indicate the validity of this approach.

101. INELASTIC SCATTERING PARAMETERS OF IRON
Clancy, E.F. (Knolls Atomic Power Lab.,
Schenectady, N.Y.)
KAPL-M-EFC-2, Sept. 27, 1956S 10 p

Inelastic cross sections for iron as well as energy distributions
of scattered neutrons have been determined, the latter
quantities averaged over certain energy groups used in age
calculations. Angular distributions have been assumed to be
isotropic.

102. SPECTRUM OF NEUTRONS FROM 14-MeV NEUTRONS INCIDENT
ON URANIUM
Clarke, R. L.
Bull, of the Am. Phys. Soc. 4_, p. 258 (1959)

The spectrum of neutrons resulting from 14-Mev neutrons
incident on natural uranium has been observed from 2 to
10 Mev. Observations were made at 90° to the incident
neutrons by means of a time-of-flight system» Absolute
cross sections were obtained by comparison with the known
cross section for 14-Mev elastic scattering from carbon, ̂
The data of Zamiatnin et al. on the shape of the spectrum
from 0.2 to 5 Mev are in qualitative agreement with the
present work. The combined data can be fitted from nearly
0 to 6 Mev with a sum of evaporation and fission neutrons
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having a spectrum similar to that found in thermal
fission. The evaporation portion of the spectrum above
1 Mev appears to have a temperature of 0«66J10<,07 Mev»
Above 6 Mev there is an excess of neutrons over the
evaporation plus fission neutrons, which amounts to
about a factor of 4 at 8 Mev, An additional experiment
has shown that these excess neutrons are strongly-
peaked forward.

1 Nakada et a l . , Phys. Rev. l_i_0, 1439 (1958)

2 Zarniatnin» Safina, Gutnikovas and Ivanova» Atomic
Energy (U.S.S.R») (English Translation) 2_s 337 (1957)j
Vasilevj Zamiatnin, Toropov, and Fomushkin,
ibid. 2, 542 (1957)

103. THE SPECTRUM OF NEUTRONS FROM THE IRRADIATION
OF URANIUM BY i4 MeV NEUTRONS
Clarke, R. L.
Canadian!, of Physos 39* No, 7, Jtxly 1961,
957-966

The spectrum and absolute yield of neutrons resulting
from 14-MeV neutrons incident on natural uranium was
observed at 90° + 16 to the incident neutron beam by a
time-of-flight method. Further observations of the
spectrum from 9 to 13,5 MeV were made for scattering
angles at 30° and 60°. In addition to the expected neutrons
resulting from evaporation and fissions strong evidence
is seen for direct interaction inelastic scattering. The
(n, n/) cross section is estimated to be 150 + 70 millibarns»

104. ELASTIC AND INELASTIC SCATTERING OF 14~MeV
NEUTRONS FROM CARBON, MAGNESIUM AND SULFUR
Clarks, R.L. , and Cross W.G.
EANDC (Can) 10» May 1961

Measurements have been rrade of the angular distribution
of elastic and inelastic scattering of 14-MeV neutrons by
carbon» magnesium and sulfur. Strong evidence for
direct interaction is seen. Where possible the results
have been compared with existing theories.

105. GAMMA-RAYS FROM INELASTIC SCATTERING OF HIGH
ENERGY NUCLEONS
Clegg, A.B. , and Satchler, G. R.
Nuclear Phys., 27: 431-47 (1961)

It is shown that the angular distribution of de-excitation
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gamma-rays following the inelastic scattering of high energy
nuclcons by nuclei can give additional information on both
nuclear structure and the effective interaction» Formulas
are derived using the impulse approximation* distortion
effects due to elastic scattering of incident and outgoing
nucleons are included. A simple case is first discussed
in terms of individual scattering amplitudes, then the
general formalism is introduced. The effect on the angular
distribution of using polarized nucleons is also described
and shown to give further information about the scattering
interaction.

106, REACTION MECHANISM IN DIRECT INTERACTION
INELASTIC SCATTERING
Cohen, B. L.
Phys. Rev. 116, pp. 426-7 (1959) Oct. 15

It is pointed out that experimental results indicate very
striking similarities between (p»p') and (d^d') reactions,
and very striking differences between (p, p ' ) and (p, n)
reactions,, It is shown that this is in strong disagreement
wil.h the nucleon-nucleon collision model commonly used
in interpreting (p, p") reactions, but in agreement with
the recent inelastic diffraction scattering model of Blair.

107» SCATTERING BY Si 2 8 OF PROTONS OF ENERGY 10,0-12.3 MeV
Cohen, A.Voj Cookson, J«A.
Nucl. Phys. , Vol. 24* No, 4$ 1961, pp. 529-534

The excitation curve for inelastic scattering of protons in
the energy range 10.0 - 12*3 MeV shows considerable
structure» Angular distributions^ both of this reaction and
the elastic process^ have been determined at two energies^
and the elastic results are discussed in terras of the optical
mod el«

108, THE NON-ELASTIC NEUTRON CROSS-SECTION FOR
URANIUM AT 13-19 MeV AND BERYLLIUM AT 14 MeV
Cohen, A.V.
Reactor Sci. and Techn. Vol. 14, No. 4S July 196ls

pp. 180-185

The non-elastic cross-sections of uranium and beryllium
have been measured for neutrons of 14.08 MeV using a
sphere absorption technique. Results are:

U 2.89 +_ 0.05 barns

Be 0.50 + 0.035 barns.
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The cross section ior inelastic scatter to the Be level
at 2.43 MeV is 0.20 + 0.045 barns. The variation with
energy of the non-elastic cross-section o£ uranium has
also been investigated, using neutrons from 13,35 MeV
to 18.54 MeV.

109. A C LOUD-CHAMBER STUDY OF THE SCATTERING OF
FAST NEUTRON IN OXYGEN
Conner» J»P.
The Physical Review, Vol. 89, pp. 712-714 (1953)

Neutrons with an energy of 14.1 Mev have been scattered
in oxygen gas, and the recoil oxygen nuclei observed in
a cloud chamber operated at a pressure of 1/5 atomophere.
Recoils from elastically scattered neutrons were resolved
from recoils due to inelastic scattering. The results
indicate a strong asymmetry in the angular distribution
of elastically scattered neutronsj the angular distribution
has maxima at 0°, 80°, and 180° and minima at 60°
and 130°. Within a factor of 2, the angular distribution
for the inelastically scattered neutrons is symmetrical.
The probability per unit energy interval that the oxygen
nucleus will be left excited is about 5 times as large at
6-Mev excitation as at 12-Mev.

The cross section of oxygen for 14*1 ~Mev neutrons is
0. 7xlO-24 cm2 for elastic scattering», 0.5xl0~24 c m2
for inelastic scattering, and 0.4x10 cm^ for
disintegration.

110. SCATTERING OF 14, 5-MeV NEUTRONS BY COMPLEX
NUCLEI
Coon, J.H., Davis, R.W., Felthauser, H.E.,
Nicodemus, D.B. (Los Alamos Sci. Lab» Univ. Calif.)
Phys.Rev. Vol. I l l , No. 1, July 1, 1958, pp. 250-260

New measurements of the differential elastic scattering
cross sections of C» Al, Fe, Cu$ Sn, Pb, and U for
14.5 MeV neutrons are reported. For Fe, Cu, Sn, and
Pb, the angular range from 5° to 150° was investigated,
with +_ t° to + 3° angular resolution. For the other
elements a smaller angular range was investigate.
Particular effort was devoted to the problem of
discriminating against inelastically scattered neutrons
and methods were developed which provided an ex-
perimental energy resolution of 500 kev. Limited
differential cross section data for inelastically
scattered neutrons of energy greater than 9 MeV are
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also presented for Fe, Cus Sn, and Pb. Wick's inequality

ffel ^ ^ ~ ("TF"J * i s discussed.

i l l . SOME RECENT RESULTS ON FAST NEUTRON CROSS
SECTIONS
Coon, J.H. (Los Alamos)
Geneve -58 P/666 USAS June 1958

Angular distributions of inelastically scattered neutrons of
14 MeV primary energy» (Rosen, Stewart, et al). Elastic
and inelastic neutron cross sections for Beryllium. {Marion,

'Levin, Cranberg).

i 12. REACTOR NEUTRON CROSS SECTIONS IN FINE ENERGY
DETAIL
Cooper» J .R.j Sullivan^ R. E. , and Henderson W.B.
APEX-7G4, (1961)

This document contains references to the data and a brief
resume of the methods used in generating cross sections
stored on magnetic tapes in fine energy detail» The data
are used directly in bares homogeneous reactor slowing-
down calculations or can be processed to provide multi-
group or multi-level cross sections in coarser energy
detail for other machine program. Cross sections for 33
elements or isotopes^ the U prompt and total fission
spectra* and the Be(n, 2n) transfer cross sections are
currently available,

(Al, Be, B.C. Cr, Co, Eu.Fi * Gd, H \ Li, Fe. Mn, Mo,
Ni, Nb, Q. Pu2 3 9 , Sm, Th i32* Ti, W, U"34, U235» U236

S
238 t 3 5 Y j Z r . )

113. THE STATISTICAL MODEL
L e C outeu r, K. J •
Art. in«P»M. Endt & M» Demeur: Nuclear Reactions
(North-Holland Publ. Comp. 1959) pp. 318-335

Some Experimental Evidence.
Wejsskopf % Evaporation Theory»
Cross Sections for Particle Absorption

i» Neutrons
2. Protons

Nuclear Temperature
The Evaporation Spectrum
Neutron Cascades
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Evaporation Cascades
The Neutron Excess
Spallation Reactions
Decay Protons
Results of Evaporation Cascade Calculations

1. Meteorites
2. Mu-méson capture

Emission of Light Nuclear Fragments
Origin of the Nuclear Excitation
Comparison Between Cascade Emission and Evaporation

1 14. NEUTRON EVAPORATION AND LEVEL DENSITIES IN
EXCITED NUCLEI
LeCouter, K. J.» Lang» W.D.
Nucl.Phys., Vol, 13 (1959), No. 1, pp. 32-52

The theory of a cascade neutron evaporation process
is derived in detail in a form suited to the treatment
of highly excited nuclei which have a continuous
distribution of excitation energies following a.primary
direct interaction. The results are found to give good
agreement with neutron spectra of nuclei following
bombardment with 190 MeV protons observed by
Gross. Data from medium energy neutron reactions,
thermal energy neutron resonances, and heavy ion
reaction experiments are compared. Formulas are
derived in an appendix for the effect on the level •
density of a gap in the single particle level spacing
at the Fermi level»

115. I.B.M. 650 PROGRAM FOR THE CALCULATION OF
CAPTURE-SCATTERING AND TOTAL C ROSS-SECTIONS
FOR S~, P- AND D-WAVE NEUTRONS
Crafton» C , Roos, S.
GAMD-1251, Feb. 6, I960, 20p

An IBM-650 program was written to obtain values for
both p- and d-wav'e strength functions and for calculating
unme.as.ured capture cross-sections* A flow chart and
operating instructions are given.
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116. INELASTIC SCATTERING OF NEUTRONS FROM IRON
BY TIME-OF-FLIGHT
Crartberg, L. > Levin, J.S. (Los Alamos Sci.Lab»,
N.Mex.)
Phys. Rev., Vol. 100, pp. 434-5 (1955) Oct. 1

A system of fast-neutron spectroscopy using the time-of-
flight principle and a pulsed-beam technique is described.
The spectra of arrival times of the scattered neutrons at
the detector are presented for Fe and polyethylene scatterers,
The cross section for inelastic scattering to a particular
level may be determined by comparison with the differential
(n,p) scattering cross sections. The cross section obtained
from many runs for excitation of the 850-kev level in ^
by neutrons of 2.45-MeV energy scattered at 90° is
0.085 + 0.03 barn/steradian.

117. (n,n') ON Pb2 0 6 , Ni AND Fe
Cranberg, L.
WASH-1026, I960

Angular distributions from inelastic scattering of 3 MeV
neutrons.

118. NEUTRON SCATTERING AT 2.45 MeV BY A TIME-OF-FLIGHT
METHOD
Cranberg, L., Levin, J«S.
Phys. Rev., Vol. 103, No. 2, July 15, 1956, pp. 343-352

Results have been obtained by a pulsed-beam time-of-flight
method for the cross sections for excitation of various levels
in many nuclides by inelastic scattering at 90 degrees. The
incident neutrons had a mean energy of 2»45 MeV and a spread
of plus and minus 100 Kev. Detailed angular distributions are
given for the neutrons of inelastic scattering, for .the
accompanying de-excitation gamma rays, and for the elastically
scattered neutrons for iron, nickel, and titanium. Such results
are also given for iron and titanium for a mean incident
energy of 2.25 MeV. The angular distributions indicate that
for these nuclides and excitations the statistical assumption
is not applicable to states in the compound nucleus» Result on
the spectrum of neutrons inelastically scattered by gold may be
fitted over a limited range by an effective nuclear temperature
of 0.3 + 0.03 MeV. The same temperature describes the data
on uranium 238 after subtraction of a fission neutron spectrum.
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119. INELASTIC NEUTRON SCATTERING BY U
Cranberg, L . , Levin, J .S. (JLos Alamos Sci,LabSJ

N.Mex.)
Phys.Rev., Vol. 109, pp. 2063-70 (1958) Mar. 15

Monoenergetic neutrons in the range 0. 5 to Z MeV have
been scattered from U23^ and the spectra of scattered
neutrons have been investigated by a time-of-f.light
method. Levels have been located at 0.044 + 0.004,
0.146 +_ 0.006, 0.30 + 0.03, 0.73 +_ 0.02, 0798 + 0.02,
1.06+ 0.03, and 1. ZT> •+ 0. 04 MeV, The cross sections
for excitations of these levels have been obtained
corresponding to inelastic neutron scattering at 90 .
An angular distribution has been obtained for the
inelastically scattered neutrons corresponding to
excitation of the 44-kev level by incident neutrons
of 550-key energy. This distribution is of the form
A(l-B cos i ) where A is 0.135 + 0.02 barn per
steradian and B is 0,4y + 0 .1 . The cross section is
in good agreement with calculations by Chase and
Wilets which indicate compound nucleus formation
as the dominant mechanism in inelastic neutron

O O Q

scattering by U at 550 kev, although Hie anisotropy
is larger than that predicted.

120. DIRECT-INTERACTION CONTRIBUTION TO 3~MeV
NEUTRON INELASTIC SCATTERING FROM Fe AND
Pb
Granberg, L., Glendenning, N. K.

. Toronto I960, pp. 357-9

Proc.Intern.Conf« on Nuclear Structure» Kingston,
Canada, August 29 - September 3, I960.

q
121. FAST-NEUTRON SCATTERING BY U , Pu , AND

Cranberg, L.
ANL-6122 (pp. 51-63) p. 5 1-63 of Proceeding of the
Conf. on the Phys. of Breeding Oct. 19-21, 1959

235
Cross sections for fast neutron scattering by U s

Pu2 3 9 , and U2 3 8 at 550, 1000, and 2000 kev are
presented.
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122. TECHNIQUES FOR MEASURING ELASTIC AND NON-ELASTIC
NEUTRON CROSS SECTIONS
Granbergs L. * Day, R»B.., Rosen, L. s Taschek» R.F»,
Walt, M.
Progr. of Nucl. Energy, Ser5 1, Vol. 1 * 1956

Techniques for measuring elastic and non-elastic neutron cross
sections are discussed. The present status of neutron and
gamma-ray spectroscopy, as applied to the determination of
differential neutron cross sections, is reviewed.
Descriptions of the various experimental methods currently
in use are illustrated with representative results» Includes
a survey and discussion of results of measurements on
gamma rays from inelastic scattering until the middle of
1956. (Be, B, C,N5 O,F, Mg, Al, S, Ca, Fe, Ni, Cu, Ta,
Bi).

123, NEUTRON SCATTERING BY XJ235
s Pu2 3 9 , AND

Cranberg, L. , Levin J.S.
LA-2177, 1959

Data are presented on the angular distribution of elastic
scattering and on the spectrum of inelastically scattered
neutrons for incident neutrons of energies 0.55, i, awd
2 MeV for scatterers of U^35 and P u " ' , using a pulsed-
beam time-of-flight method. New information on elastic
scattering for U ^ " at 0.98 MeV is also included. Inelastic
cross sections are lower than those reported by others .
Unexpectedly large differences in total and in differential
elastic scattering cross sections are noted among these
elements at the tv/o lower energies. A simple new procedure
is given for calculating the correction to the total elastic
scattering cross section due to neutron attenuation and
multiple scattering.

124. INELASTIC SCATTERING OF 14-Mev NEUTRONS BY
MAGNESIUM
Cross*-W«G* * and Clarke^ R. L«
Bull, of the Am. Phys. Soc. 4» p. 258 (1959)

The angular distribution of neutrons from the reaction
M g ^ ^ n ^ M g 2 4 } Q = -1,37 Mev, was measured from 30°
to 150°» A beam of 14«l-Mev neutrons from the T-D reaction^
defined by the associated a particles,, passed through a
sample 2 cm thick. The energy of the scattered neutrons was
determined from their time of flight over a 2-m flight path»
The neutron detector was a plasf:c scintillator biased at 8
Mev and shielded from direct neutrons» The fuH width at
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half~maximum for elastically scattered neutrons was
2 mfisec, Absolute values of differential cross sections
were determined by comparison with the elastic
distribution» The integrated cross section is of the
order of one-tenth of the total inelastic cross section.
The differential cross section has the same general
shape as that of 18-M.ev protons scattered inelastically
from the same level but differs in detail in that the
first strong minimum of the neutron data, occurs near
90°, The angular distribution indicates that the principal
reaction mechanism is a direct interaction» Neutrons
scattered from levels at 4,12 and 4*24 Mev are less
than one-quarter as numerous as those from the
i.37-Mev level»

1 W.G. Cross and ReG«> Jarvis* PhyseRev» 99 s

621A (1955)J Berko, Whitehead* and GrosecTöses

Nuclear Phys,

2 P.C. Gugelot and P.R. Phillips» Phys«Rev, 101,
1014 (1956) ~~~

125. SCATTERING OF 14.6 MeV NEUTRONS BY Mg» Ca* Cd»
Tas AND B i
Cross, W»G.9 Jarvis» R. Ga
Nucl. Phys** Vol. 15 (i960) No. i s pp, 155-156

Differential cross»seclions for 14,6 MeV neutrons scattered
elastically from Mga Cas Cd3 and Bi have been measured
at 25 angles between 8° and 130° and from Ta at angles
out to 80°. A neutron beam was defined by counting only
neutrons in delayed coincidence with a collimated beam
of alpha particles from the T(djn)He^ reaction. The
neutron detector bias was set to reject neutrons below
10e5 MeV« The results are corrected for angular
resolution (+ 3°) and for absorption and multiple
scattering in the thin (0,05 to 0.1 MFP) cylindrical
scatterer. The results have been compared by several
authors with optical model calculations»

126. OPTICAL MODEL ANALYSIS OF SCATTERING OF
14 MeV NEUTRONS
Culler, G. » Fernbach* S«» Sherman, N«
(Radiation LabOJ U* of Calif», Berkeley)
AD-53 122, i0a Jan. 55, 28ps incl.ill. (UCRL-4436)
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127. THE MEDIUM AND HIGH ENERGY OPTICAL MODEL AND
THE CORRELATIONS IN THE NUCLEAR WAVE FUNCTION
Dabrowskij J»j Sawioki, J»
Nucl, Phys., Vol. 13S 5B, (1959), pp. 621-641

Watson's multiple scattering theory is applied to calculate the
well depths of the nuclear optical potential for the case of
strongly correlated nuclear matter. The nuclear ground state
is represented by a Jastrow type wave function. The
consequences of the Bethe-Goldstone equation for the
correlation functions are considered. Our numerical results
obtained for the case of a separable nucleon interaction
show that the effects of the correlations amount to corrections
to the Fermi model case up to the order of 10 per cent in
the medium and high energy range» The evaluated correct-
ions due to the incoherent multiple scattering appear to be
important.

128. GAMMA RAYS FROM NEUTRON INELASTIC SCATTERING
Day, R.B. (Los Alamos Sci« Lab. , N.Mex.)
Phys. Rev., Vol. 102, pp. 767-87 (1956) May 1.

A Nal scintillation counter has been used to observe gamma
rays from neutron inelastic scattering in B^^, C, N» O, Fs

Mg, Al, S, Ca, Fe, Ni, Cu, Ta, Pb, and Bi. In most cases
these gamma rays can be fitted into known level schemes of
the target nuclidesj however, a few gamma rays require the
existence of previously undetected levels» In addition, several
gamma rays have been observed from (n, p̂Y ) and (n,a"y )
reactions. The problems involved in measuring absolute
cross sections for the production of gamma rays are
considered in detail. The usefulness of neutron inelastic
scattering in nuclear spectroscopy is. illustrated in
several cases.

129. GAMMA RAYS FROM NEUTRON INELASTIC SCATTERING

INB 1 0 , F 1 9 , ANDFe56 ,
Day, R., Walt, M. (Los Alamos Sci, Labej N.Mex,)
Phys. Rev., Vol. 117, pp. 1330-3 (I960) Mar. 1

The cross section for excitation of the 0.72-MeV gamma ray
in the B (n, n"Y)B reactions was measured from threshold
to 5.2 MeV. Resonances were observed at 1.03, 3,31, 4.1
and 4.73 MeV, with evidence of a broad resonance at 2«6 MeV.
The angular distributions of the 0.110-MeV and 0.197-MeV
gamma rays in the F °(n, n'V)F ' reaction and the 0.847-MeV
gamma ray in the Fe^(n s n ' ' f )Fe^ reaction were also
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measured. Thelast two showed anisotropic but were
symmetrical about 90°, The angular distribution
of the Fe^6 gamma ray agrees well in both shape
and absolute magnitude with calculations based on
the statistical model»

130. ANGULAR CORRELATION IN C12(nsn'Y )C*2 AT 14 MeV
Deconninck, G. t Martegani, A.
Nucl. Phys., Vol. 20 (i960) pp. 33-37

A method is developed for measuring angular correlation
in inelastic scattering of 14 MeV neutrons. Random
coincidences are practically suppressed by combining
time-of-flight and fast coincidences techniques. Angular
correlation has been measured on the first calculations
based on the distorted wave method»

131. MEASUREMENT OF THE INELASTIC INTERACTION
CROSS SECTION OF 13 TO 20 MeV NEUTRONS FOR
CERTAIN ISOTOPES
Degtyarev» Yu. G.» Nadtochij, V.G.
Atomnaya Energ. 11:397-8 (Oct. 1961)

235 239
The inelastic scattering cross section of U and Pu
for neutron energies ranging from 13 to 20 MeV were
determined to fill the gap in the literature. In addition
similar measurements were carried out for u Al,
Fe» Cu and Pb for the purpose of checking previously
obtained data» The experimental device consisted of
an external neutron source and a detector placed within
the sphere made of the material under study. This
arrangement made it possible to use ansiotropic sources,
thus broadening the available energy range. The neutrons
were produced on a Van de Graaff generator by the
T(n, d)He'* reaction} the neutron spectrum obtained
after scattering was analyzed on a 20-channel amplitude
analyzer» The inelastic scattering cross section of
U235 ranged from 2.64 + 0.06 millibarn for 13.4 MeV
to 2. 74-f 0.07 millibarnior 18.7 MeV neutronsj the
corresponding value for Pu^9 a t 16.8 MeV was found
to be 2,87 +0.1 mb» The values of the other elements
investigated" agree well with previously published data.
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132* ELASTIC AND INELASTIC SCATTERING OF NEUTRONS BY
DEUTERONS NEAR THE INELASTIC THRESHOLD
Delves* L*M«
Nucl. Phys. , Vol» 26S i96i3 1. July* pp* 136-146

A calcula-tion is made of the neutron-deuteron s-wave elastic
and inelastic scattering cross-sections which includes the
interaction between these two channels. The scattering
matrix given by this method is unitary,, Comparison is made
with a calculation of the elastic scattering using the same
potentials by neglecting the effect of the inelastic channel*
Large differences are founds indicating that it is important
to include the deuteron distortion in elastic scattering
calculations: however, this conclusion may be due at least
partly to neglect of charge exchange scattering*

The proton energy spectrum predicted by the model is the
phase-space spectriim* This is identical with that of Frank
and Garnmel except near the upper end of the spectrurns

where it agrees better with experiment at the energies
considered. The size of the anomaly in the elastic scattering
cross-section at the inelastic threshold is calculateds and
found to be rather small»

133» Y -RADIATION FROM INTERACTION OF 14 MeV NEUTRONS
Deuchars, W.M., Dandy, D.
P roc .Phys .Soc , June i9 I960., Vol. 75, Pt . 6, No. 486»
pp., 855-867

Time-of-flight techniques have been applied to the measurement
of "V -ray spectra from the interaction of 14-MeV neutrons with
various nuclei. The results for carbon? water* magnesium,
aluminium, nickelj copper and lead are presented and are
compared with the results from other experiments using
lower energy neutrons» Assignments are made for the
reaction processes in the light nuclei and isotopic assignments
are made for the medium- and heavy-weight nuclei.

134. RADIATIVE CAPTURE CROSS SECTIONS FOR FAST NEUTRONS
Divens B«C.j Terrell, J«s Hemmendinger, A»
Phys. Rev., Vol. 120, No. 2, Oct. 15, 19603

pp. 556-569

Neutron capture cross sections have been measured for 2 8
elements in the neutron energy range 175 to 1000 kev. The
method used was detection of capture gamma radiation in a
one-meter-diameter liquid scintillator, the capture samples
being placed at the center for irradiation by a pulsed neutron
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beam. Absolute cross sections have been determined by
comparison with the known capture-plus-fission cross
section of U j both capture and fission events are
detected with nearly 100% efficiency in this arrangement.
Corrections have been made for loss of capture-gamma-
ray energy, by means of pulse height analyses and
comparison between one-meter and 48-cm scintillator
results; corrections have also been made for change
in path length due to scattering. The results obtained
appear to agree reasonably well with the predictions of
resonance theory^ with level densities given by the
Fermi gas model together with the effective ground
state of Hurwitz and Bethe. The low capture cross
sections of magi c-number target nuclides appear well
correlated with the magic-number effects on the mass.

135. ANGULAR DISTRIBUTION OF 2. 6-MeV GAMMA RAYS
FROM THE REACTION Pb208(n, n ")PbZ08

Donahue» D.J . , Pennsylvania State» Univ»
Bull. Am. Phys. Soc , Ser. II, Vol. 6, (1961),
No. i , p. 61

Gamma rays produced throxxgh inelastic scattering
by lead of a well-collimated beam of fast neutrons
from a reactor have been detected with a Nal(Tl)
crystal. By using targets of natural lead and lead
enriched in the isotope Pb , the inost intense Y
rays present have been identified as the 0«80-MeV
Y ray from Pb 2 0 6 and the 2. 6-MeV Y ray from

20808< T h e prO(juct of the shape of the fission
spectrum and the statistical theory shape of the
cross section for production of 2.6-MeV Y rays
from Pb indicates that about 70% of the neutrons
producing these "Y rays have energies between 3«5
and 6,0 MeV. The relative yield of the 2.6-MeV
rays as a function of the angle between the neutron
beam and the direction of Y ray emission has been
studied for angles between 100° and 150°, The
angular distribution so obtained is compared with
the distribution predicted by the theory of Satchler,
(G.R. Satchler, Phys, Rev., Vol. 104, p. 1198 (1956)}.

136. MONTE CARLO CALCULATION OF NUCLEAR
EVAPORATION PROCESSES. IK. APPLICATION
TO LOW-ENERGY REACTIONS
Dostrovsky, I,» Fraenkel, Z. (Weizraann Inst, of Sci.j
Rehovoth, Israel) and Friedlander, G«, (Brookhaven
Nat. Lab», Upton» N.Y.» and the Weizmann Inst, of
Sci., Rehovoth, Israel)
Phys. Rev., Vol. 116, No. 3, Nov. i, 1959, pp. 683-702
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Monto Carlo calculation of nuclear reaction in the low-energy
(E < 50 MeV) region are desribed» The calculations are based
on the nuclear evaporation model of Weisskopf» Continuum
theory was used for the calculation of inverse reaction cross
sections. In the calculation of the level densities of excited
nuclei* pairing 3,nd shell energy corrections were used in
terms of characteristic level displacements® The accurate
equation rather than the approximate A4axwell distribution
was used for the selection of the kinetic energy of the
evaporated particle. Experimentally determined Q-values
for the various reactions were used. The calculations are
compared with experimental measurements for about
60 excitation functions of nuclear reactions in the mass
range Cr^O _ g e **m Cameron's values for pairing energies
were used at the outsetf but a new set of pairing and shell
energy correction values, which leads to substantially
improved agreement with the experimental curves, is
presented. The procedure which was used to arrive at
this set is described and several features of the set are
discussed. The need for a further downward correction
of the level density of symmetrical (A = 2Z) nuclei is
indicated» Computed excitation functions are shown for
all the reactions studied as well as for several reactions
for which experimental data are not yet available* Further
experiments on reaction cross sections are suggested
which would allow a unique determination of the pairing
and shell energy corrections of level densities for any
value of Z and N in the region under discussion. The
existence of a unique set of these correction terms would
provide strong evidence for the validity of evaporation
theory for the reactions considered.

45
137. CALCULATED FORMATION CROSS-SECTIONS OF Ca

AND C a4 7

Dostrovsky, l.a and Fraenkel Z. (Israel)
J. Inorg» Nuclear Chem,3 21: i0~i4 (Dec, 1961)

45 47
The formation cross sections of Ca and Ca were computed
as a function of bombarding energy« The nuclear reactions
considered were the bombardment of Ti and Ti with
neutrons and deuterons and the bombardment of C& with
neutrons* protons, deuterons, He^ and He4 particles» The
calculations, assume the formation of an excited compound
nucleus with the subsequent de-excitation through nuclear
evaporation. The effect of various assumptions is discussed.
It is concluded that for the pupose of large scale production
of C a ' ' , the Ca48(nj2ai)Ca4' reaction is by far the most
useful of all reactions considered.
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138. COMPOUND NUCLEUS PROCESSES IN MEDIUM MASS
NUCLEI
Douglas, A. C. , McDonald, N»
Nucl. Phys. , Vol. 13, (1959), pp. 382-396

In applying compound nucleus theory to a reaction
involving many states of the compound and final
nucleus, one usually assumes that the level density
of the final nucleus depends on the spin I as
pT oc (21 + 1). This leads to the predictions that the
angular distribution is siotropic and that the cross-
section has the product form

cr (A + a —> B+b) = c

Recent experiments on (n, p) and (n, a) reactions in
nuclei of mass A < 65 show quite strong angular
anisotropies, with symmetry about 90 . We have
examined the consequences of using the more correct
form

P l o c (21+ 1) exp-j

Anisotropies in the direction found experimentally
are predicted. The degree of anisotropy depends
sensitively on a4 > and the measurement of angular
distributions therefore gives a means of determining
this important parameter. The deviation of
o* (A + a —> B+b) from the product form is quite small.

139. A STATISTICAL MODEL OF NUCLEAR LEVEL SPACING
Dresner, L., Inönu, E.
CF-60-12-38, I960

A generalization of Wigner^s simple model for the
distribution of nuclear level spacings is studied. It
is based on a stochastic process which reproduces
the correct joint probability distribution of N energy
levels for small spacings„ The case N = 3, which
includes the effect of the correlation between adjacent
spacings, is discussed in detail. The resulting distribution
and the correlation coefficient are compared with
experimental data. No definite conclusion can be drawn
except to say that the effect of the correlations on the
spacing distribution is very small.
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TOO

140. AN ANALYSIS OF INELASTIC SCATTERING IN U
BELOW 1 MeV
Dresner» L.
ORNL 3016 (Sept. i960) p.

A serniphenomenological calculation of the partial inelastic
scattering cross sections for U^S^ for bombardment energies
from*150 to 1000 kev, has been completed. The method
employed was that of Hauser and Feshbach, improved in
several important respects, however. The calculated values
of the (n,"y) cross section show good agreement with
published experimental results.

141. A STATISTICAL MODEL FOR NUCLEAR LEVEL SPACINGS
Dresner, L., Inönu, E*
ORNL 3016 (Sept. I960), p. 319

An analytical investigation of the effects of a slight generalization
of Wigner "s simple formula for the distribution of nuclear
spacings has been made. An equation has been derived for
the spacing distribution in which the relationship between
a given spacing and a preceding spacing is considered.
Agreement with the distribution given by the Wigner formula
is good, but attempts to compare the new distribution With
experimental data were inconclusive.

O -3 Q

142, INELASTIC SCATTERING OF NEUTRONS BY U BELOW
i MeV
Dresner3 L»
Nuclear Sci. & Eng.s Vol. 10, No. 2, June 1961» pp. 142-150

The neutron excitation cross sections for the individual energy
levels of Xj238 below 1 MeV have been calculated for neutron
energies up to 1 MeV with the statistical theory of Hauser
and Feshbach.

143. NUMERICAL CALCULATION OF THE EVAPORATION OF
PARTICLES FROM EXCITED COMPOUND NUCLEI
Dresner» L.
ORNL-3193 U

A Monte Carlo program for the IBM-7090 has been written to
analyze the evaporation of various nuclear fragments from
highly excited compound nuclei. The program follows the
work of Dostrovsky et al. very closely. The basis of the
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analysis is as follows:

I» The emission probabilities are obtained from the
statistical theory of Weisskopf.

2. The energy dependence of the nuclear level density
is taken to be exp (2a [U-6]f/ where a is a constant,
U is the nuclear excitation energy, and 5 is the
pairing energy.

3. The total binding energy of each nucleus is either
obtained from tables specified or calculated from
a semiempirical formula.

4. Only the emission of neutrons, protons, deuterons,
tritons, He nuclei, and alpha particles is considered.

The input data consists essentially of the mass and charge
numbers of the compound nucleus and its excitation. The
output consists of:

1- The number of each kind of fragment evaporated;

2. The energy spectrum of each kind of fragment
evaporated; and

3. The number of each kind of final nucleus reached.

144. Dresner, Lawrence
EANDO14(T) p. 23
Priv. com. to J. Harvey, ORNL, 1961

The measurements of Cranberg and Levin (Phys.Rev.
109, 2063 (1958) and Smith (EANDC- (US) 15) check with
Dresner's calculations up to 1 MeV, with the exception
that at one MeV the experimental cross-section for the
2 level at 44 KeV seems a little low. This discrep-
ancy probably arises because the energy resolution is
not sufficient to resolve this neutron group from the
elastically scattered neutrons.

145. ENERGY DEPENDENCE OF THE EFFECTIVE CROSS
SECTION OF INELASTIC SCATTERING OF PARTICLES
NEAR THE THRESHOLD
Drukarev, G. F.
J. Exptl. Theoret. Phys. (USSR) 32, pp. 601-603
(March 19 57) Trans.: Sov. Phys. JETP, Vol.5,
No. 3, Oct. 1957, pp. 496-497

A LEVEL DENSITY ANALYSIS OF EXCITED STATES
FORMED BY RADIATIVE PROTON CAPTURES
Dubois, J. (Gothenburg)
Nuclear Physics 32 ('962) pp. 267-272
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(p,Y) excitation curves of nuclei in the mass region A = 44
to A - 50 Se» Ti, Va have been fitted to the Lang and
Le Couteur level density formula. The parameter a has been
determined. The data are also fitted to the constant
temperature level density formula.

147. GAMMA RAY SPECTRUM DUE TO THE INELASTIC SCATTERING
OF 2.5 MeV NEUTRONS IN IRON
Eberhard, P«, Garg, J . , Torki, B.
Compt. rend., Vol. 245, pp. 1415-18 (1957)

The gamma spectrum from the inelastic scattering of
2.5 MeV neutrons in iron was measured with a Tl
activated Nal crystal. The energy values found are
0.845, 1.25, 1.70, 1.83, and 2.5 MeV.

148. THEORY OF THE NUCLEUS AS A MANY-BODY SYSTEM
Eden, R. J.
P.M. End! and M. Demeur, Nucl. Reactions, Vol. 1,
19 59, (North-Holland Publa Com. Amsterdam)

The Interaction of two Particles
Many-Body Perturbation Theory
The Hartrce-Fock Approximation
1» Infinite nucle^ .̂r medium
The Reaction Matrix
The Self-Consistent Equations for a Finite Nucleus
1. The self-consistency procedure
The Brueckner Approximation for an Infinite
Nuclear Medium
The Correction Terms
1. Infinite nuclear medium

2» Finite nucleus

The Shell Model
The Optical Model
High Energy Nuclear Reaiclions

149. INP:LASTIC SCATTERING OF NEUTRONS
EUiotj E.A., Hicks, D. , Beghian, L.E«} Halban, H.
(Clarendon Lab., Oxford, Eng.)
Pbys.Rev., Vol. 94, No. 1, April 1954, pp. 144-151

Experiments have been carried out on the inelastic scattering
of 2,5 MeV neutrons by chromium, bismuth, iron, and indium,
using scintillation counters» Inelastically scattered neutrons
and gamma rays were observed in a stilbene crystal and the



- 55 -

results interpreted by a ratio method. Gamma radiation
alone was observed in a sodium iodide crystal, using a
normalization technique to eliminate the neutron back-
ground.
The following levels were identified: in chromium
Io42 + 0«05 MeV (cross section 1,0 + 0.2 barns)j
in bismuth 1.58 + 0.5 MeV (0.6 + 0,Z barns) and
0,85 -f 0.2 MeV PU2 + 0.3 barnsj and in indium
0. 92 + 0. 04 MeV (0. 4~+_ 0.1 barns) and 0* 61 + 0. 06
MeV l[0.2 + 0Bl barns). Preliminary experiments
with iron gave a level of 0.9i + 00l5 MeV
(Io0 + 0.3 barns). ~

150. CROSS SECTION CALCULATIONS FOR FAST NEUTRON
SCATTERING. PART I I. INELASTIC SCATTERING
BY Fe-56 UP TO 5.0 MeV
Emmerich, W.S.
AECU-3387 Comp, of Techn. Reports on the Subj» of
Fast Neutron Scattering, Partly ppo i53-l58.
(Westinghouse Research Report 60-94511-6-R8, 1955)

The statistical theory of inelastic neutron scattering as
developed by Hauser and Feshbach has been applied to
evaluate the total and differential cross sections for
inelastic neutron scattering in Fe^"a The discussion
presented here pertains to the interpretation of these
calculations with respect to other theoretical
possibilities and to experimental evidence available
at the present timeo

151. CLOUDY CRYSTAL BALL TRANSMISSION COEFFICIENTS
FOR ALUMINUM AND IRON
Emmerich, W«S.
AECU-3387. Comp, of Techn. Reports on the Subj,
of Fast Neutron Scattering, Part Is pp. 149-158
(Westinghouse Research Memo 60-94511 -6-M14,
1955)

Recent calculations of the inelastic scattering of neutrons
by aluminum and iron (see R.A. Hoffmann AECU-3387»
p« 128), have required a knowledge of the pa.rtial trans-
mission coefficients for penetration of neutrons into the
nucleus. The purpose of this memo is to record the method
by which the transmission coefficients were obtained and
to preserve the results for use in future applications.
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152. CROSS SECTION CALCULATIONS FOR FAST NEUTRON
SCATTERING PART V. Optical. Model Transmission
Coefficients
Emmerich, W.S.
NP-8364, April 29, 1958
(Westinghouse Research Report 6-94511 ~6-Ri9)

The optical model of the nucleus with a diffuse edge potential
and surface absorption has been used to compute T£ Es the
nuclear transmission coefficients, also known as penetra-
bilities.

153, NUCLEON INDUCED DIRECT INTERACTIONS
Eisberg, R.M.
Proc. Intern. Conf. on Nuclear, Kingston» Canadas

August 29 - September 3, I960, pp. 310-8

Discussion of present state of theories and experiments,

154, NUCLEAR LEVEL DENSITY
El-Nadi, M. „ Wafik, M*
A/CONF.15/P/1481 United Arab Republic» 23 June, 1958

To compensate for pair effects the ground state is
exchanged for a "characteristic level".

155, OPTICAL-MODEL THEORY OF NEUTRON SCATTERING AND
REACTIONS
Emmerich, W«S.
Fast Neutron Phys», Part II, Ed« by Marion & Fowler
Interscience Publishers 1961.

156. STATISTICAL EMISSION IN NUCLEAR REACTIONS AND
NUCLEAR LEVEL DENSITY. 4 figs., 4 tabs.
Erba, E. , Facchini, U., Saetta, E.
Nuovo Cimento 22 (1961) No. 6, Dec. 16, 1237-1260

Resonance measurements for slow neutrons - energy spectra
of particles emitted in (n, p) and (n, n ' ) and )p, n) reactions
for 4 to 16 MeV - cross-sections of (n, p) and (n,n'') at
14 MeV»
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157. THE STATISTICAL MODEL AND NUCLEAR LEVEL
DENSITIES
Ericson» T.
Philosphical Magazine Supplement, Vol» 9, No. 36,
pp. 425-510, Oct. 1960

Contents

General Features of Nuclear Level Densities

Models for Nuclear Level Densities
The Equidistant Spacing Model
Ang dar Momentum Distribution
Parity Distribution
The Free Gas Model
The Newton-Cameron Model
The Rosenzweig Effect
The Newson Model
The Pairing Mods!
The Nuclear Phase Transition
Conclusion
The Evaporation Approximation

The Statistical Model and Angular Momentum
Cons ervation.

Qualitative Considerations
Formal Solution of Classical Approximation
Special Limits

Inverse Cross Sections
Multiple Emission of Particles
Emission of Complex Particles
Statistical Fission
Lifetime of the Compound State
Fluctuations of Cross Sections and Angular
Distributions.

Non-overlapping Levels
Overlapping Levels

158. FLUCTUATIONS OF NUCLEAR CROSS SECTION IN
THE "CONTINUUM" REGION
Ericson, T.
Phys. Rev. Letters, Vol. 5, No. 5S Nov. 1, i960,
pp. 430-431

159. MEASUREMENT OF THE ENERGIES OF NUCLEAR
STATES EXCITED BY INELASTIC NEUTRON
SCATTERING, AND A SEARCH FOR ELECTRIC
MONOPOLE TRANSITIONS IN Pb
Evan, J .E. , Kinseys B.B. , Whitmore, B.G»
(Atomic Research Establishment, Harwell, Berks, Eng»)
Can. J. Phys., Vol. 37, pp. 396-412 (1959) Apr.
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A method of measuring the energies of nuclear states excited
by inelastic neutron scattering is described» in which an
energy-selective detector is used. The neiitron source was
Li or H3 bombarded by protons from a Van de Graaff
generator. The ratio of the counting rate produced in this
detector by the material under study to that produced by
a long counter was plotted against the proton energy»
Peaks in this curve occur when the energy of the scattered
neutron is equal to the resonance energy of the selective
detector (255 kev). The energies of the excited states
responsible for these neutrons were determined with some
precision by a step-by-step comparison with those produced
by a standard material for which the energies of the
excited states are already well known» (e.g. Fe^6). A
weak peak not corresponding to any known state, was lound
in Zr. Two states in F e " were used to determine the energies
of peaks obtained from Pb» One of these was that due to the
well-known state at 2,62 MeV. However, peaks were observed
corresponding to both lower and higher energies, none of
which agree with those of known excited states» Except
for that caused by the 803-kev state of Pb 2 0 6 , no other
peaks were observed from a target of Pb2^". Th232
produced strong peaks corresponding to excited states
at 760 and 1080 kev} U238 produced a peak at 710 kev and
another (cmresolved from higher energy peaks) at 940 kev.
Both peaks near 700 kev from these two nuclei showed
unresolved structure. A peak was found from natural Pb
corresponding to an excited state at 3.185 MeV. Reasons
are given for believing that this state is 0*» An un-
successful search was made for annihilation radiation
using coincident Nal crystals in a rectilinear arrangement»
This apparatus detected readily the pair production from
the 0+ state in Zr ' , but was apparently responsible for
a spurious effect in Pb, If pairs are emitted by a 3»i85-MeV
state in Pb ^ , the cross section for this process for neutrons
with energy 0.5 MeV above threshold is probably less than
one half of that from Z r for an equal energy excess above
threshold. Cross sections for inelastic scattering from Th
calculated according to Hauser-Feshbach.

160. NEUTRON SPECTRA FROM THE INELASTIC SCATTERING
OF FAST NEUTRONS IN Fe, Cd, Sn, Ta, AND W
Ewing, R.I., Bonner, T.W», Bramblett, R. L.
WASH-1021, (1959), p. 52

The spectra of inelastically scattered neutrons have been
determined for primary neutron-energies of 1.0s 2.44,
5.0, and 7,0 MeV. The spectra from, all of these elements
were fitted by an evaporation spectra when the primary
energy was 5.0 and 7.0 MeV. The most probable energies
of scattered neutrons for Fes Cd, Sn, Ta, and W were
0.89, 0.61, 0.63, 0,46» and 0,51 MeV when 5.0 MeV
neutrons were used as primaries. The respective nuclear
temperatures with 7.0 MeV primaries were 0,77, 0.70,
0.79, 0.46, and 0,51 MeV. The data with 2.44 MeV
neutrons could be fitted by an evaporation spectrum for all
but Fe and the nuclear temperatures were 0.43, 0,49
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161. NUCLEAR TEMPERATURES FROM NEUTRON BOMBARDMENT
Ewing, Ronald I»j and Bonner, T«Wa

Bull. Am. Phys, Soc* 6, p. 149 (1961)

The energy spectra of neutrons inelastically scattered from
W» Ta, Sn» Cd, and Fe under bombardment with neutrons
of energies 2.44, 5«0? and 7,0 Mev have been obtained
using a new type of neutron spectrometer» The spectra
are fit by the "evaporation11 distribution, N(E) — E
x exp(-E/T)3 where T is the nuclear temperature in units
of energy» The analysis of the data included corrections
for multiple scattering of neutrons in the samples» The
table lists the nuclear temperatures (£ 10%) in Mev for
bombarding neutrons of energy E, in Mev» For E, -2,44
and 5« 0 Mev,

W Ta Sn Cd Fe

0e52 0.45
0.64 0,62 0.85
0.77 0.73 0,74

Eb = aT s with a(Mev)" =A/(9*2). The nuclear temperatures
for Sn and Cd also follow this relation at E, =7,0 Mev,

b
i Bramblett, Ewing, and Bonner, Nuclear Instruments

and Methods 9 (1960)

162. SURVEY OF EXPERIMENTAL RESULTS ON MEDIUM
ENERGY NUCLEAR REACTIONS INDUCED BY NEUTRONS
AND EXPERIMENTAL TECHNIQUES
Faccbinij U.
NP-9193, September 1959, pp. 248-268

The lecture contains the general picture of nuclear reactions
induced by neutrons and the discussion of experimental
results on the reactions ( ^ n ' ) (n, 2n), (n,p), (n,np),
(n, d) and (n, a) «

163. CROSS SECTIONS FOR THE (n,Zn) REACTION IN N*4,

P 3 1 , Cu63, ANDPr 1 4 1

Ferguson, J .M. and Thompson, W«E»
The Physical Review, Vol. 118, pp. 228-232 (I960)

The (n, 2n) cross sections have been measured for N
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P i Cu , and Pr , for neutron energies from 12,5 to 18
Mevi The annihilation radiation emitted from the product
nuclides was counted with two Nal(Tl) crystals in coincidence.
In the energy range measured, the cross sections were found
to vary, as follows:

N14, 3.03 to 11.67 mbj P M
S 0 to 74 mb;Cu63, 186 to 836 mbj

Pr , 1231 to 173 7 mb. The results are generally in agreement
with those of others. T ha data are compared with curves plotted
from Weisskopfs theoretical expression for (n3 2n) cross sections,

164, THE FORMATION OF A COMPOUND NUCLEUS IN NEUTRON
REACTIONS
Feshbach, H., Porter, Ch8E«5 Weisskopf, V»F«
Phys.Rev. , Vol. 90 (1953) Letters, pp. 166-167

165. MODEL FOR NUCLEAR REACTIONS WITH NEUTRONS
Feshbach, H., Porter, C.E., Weisskopf, V.F.
Phys. Rev,, Vol. 96, No, 2 (1954), pp. 448-464

A simple model is proposed for the description of the
scattering and the compound nucleus formation by nucleons
impinging upon complex nuclei. It is shown that, by making
appropriate averages over resonances, an average problem
can be defined which is referred to as the "gross-structure"
problem. Solution of this problem permits the calculation of
the average total cross section, the cross section for the
formation of the compound nucleus, and the part of the
elastic-scattering cross section which does not involve
formation of the compound nucleus. Unambiguous definitions
are given for the latter cross sections.
The model describing these properties consists in replacing
the nucleus by a one one-body potential which acts upon the
incident nucleon. This potential V = V + iVj is complex}
the real part represents the average potential in the nucleus}
the imaginary part causes an absorption which described the
formation of the compound nucleus. As a first approximation
a potential is used whose real part Vo is a rectangular
potential well and whose imaginary part is a constant
fraction of the real part V̂  = ^ V «

This model is used to reproduce the total cross sections
for neutrons, the angular dependence of the elastic scattering,
and the cross section for the formation of the compound
nucleus. It is shown that the average properties of neutron
resonances, in particular the ratio of the neutron width to
the level spacing, are connected with the gross-structure
problem and can be predicted by this model*
The observed neutron total cross sections can be very
well reprodu ced in the energy region between zero and
3 MeV with a well depth of 42 MeV, a factor i of 0.03,
and a nuclear radius of R = 1 • 45 y 10~13 A*/3 cm.
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The angular dependence of the scattering cross section
at i MeV is fairly well reproduced by the same model»
The theoretical and experimental values for the ratios
of neutron width to level distance at low energies and
the reaction cross sections at 1 MeV do not agree too
well but they show a qualitative similarity»

166. UNIFIED THEORY OF NUCLEAR REACTIONS
Feshbach, H.
Annals of Physics-, Vol. b* (1958)* No. 4S pp. 357-390

A new formulation of tlie theory of nuclear reactions
based on the properties of a generalized "optical"
potential is presenteio The real and imaginary part
of this potential satisfy a dispersion type relation
while its poles give rise to resonances in nuclear
reactions. A new derivation of the Breit-Wigner
formula is given in which the concept of channel
radius is not employed. This derivation is extended
to the case of overlapping resonances. These results
can then be employed to obtain the complex potential
well model for pure elastic scattering» This potential
well is shown to become real as the average width of
the resonances increases. Reactions as well as elastic
scattering are treated. Considering the former process
in an isolated resonance, we obtain a nonresonant term
analogous to the familiar potential scattering term of
elastic sc.atteringo This is just the direct interaction
term which thus appears automatically in this formalism.
Upon performing the appxopriate energy averages over
resonances, the complex potential well model is
generalized so as to include inelastic scattering» The
effects of the identity of nucleons is investigated. It
is shown that our formalism is valid as long as the
exit channels can at most contain one nucleon.

167. THE OPTICAL MODEL AND ITS JUSTIFICATION
Feshbach, H.
Ann. Rev. of Nucl. Science 8 {1956} p. 49

Review article v/ith a thorough bibliography.

168. THE JUSTIFICATION OF THE OPTICAL MODEL
Feshbach, Herman (Massachusetts Institute of
Technology)
Proceedings of the international conference on the
nuclear optical model, 19 59, pp* 195-200» Florida

Discussion on the low energy situation and the formalism
of the complex potential model.
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169. THE COMPOUND NUCLEUS
Feshbach , H.
Nuclear Spec t ro scope P a r t B , ed, by F» Ajzenberg-Selove*
Academic P r e s s I960

1. Elast ic and Inelast ic Potential Scattering amplitudes
2 . Resonance Amplitudes for Isolated Resonances
3 . P rope r t i e s of the Widths
4 . Total Elas t ic Cross Section
5. Reaction Cross Sections
6» Total Cross Sections
7. Angular Distr ibution for Reactions
8» Angular Distr ibution for Elast ic Scattering of Neutral

Particles
9. Angular Distribution for the Elastic Scattering of

Charged Particles
10. Gamma Rays in Nuclear Reactions
11. Polarization
12. Overlapping Levels
13» Many Overlapping Leve l s . Stat is t ical Theory ,
14. Density of Levels

170. THE COMPLEX POTENTIAL MODEL
Feshbach , H.
Nuclear Spectroscopy, P a r t B,ed. by F , Ajzenberg-Selove*
Academic P r e s s I960

Average Cross Sections and Average Wave Amplitudes
a» Scattering of Spinless Pa r t i c l e s by Spinless Nuclei
b . The General Case
Empir ica l Determinat ion of the Complex Potential
a . F o r m of the Potential
b . Scattering by Spin Zero Nuclei
c. Fluctuation Cross Section and Elast ic Scat ter ing
d. Empi r i ca l Values for the Complex Potential

Parameters

171. A SCHEMATIC THEORY OF NUCLEAR CROSS SECTIONS
Feshbach, H., Weisskopfs V.F.
Phys. Rev., Vol. 76, No. 11 (1949), pp. 1550-1560

In this paper a description of the energy dependence of
nuclear cross sections* especially for neutrons} is given
in terms of simple assumptions on the properties of the
nuclei. The results are supposed to represent average values
over individual fluctuations and resonances. The total cross
section, the reaction cross section, and the transport cross
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section are calculated as functions of the neutron energy.
Only two nuclear parameters occur in the expressions!
the nuclear radius and the average kinetic energy of a
nucleon inside the nucleus* Comparison of the theory
with neutron experiments is made» New values of
nuclear radii are computed from total cross sections
at 14 and 25 MeV. Predictions of the inelastic cross
sections at 14 MeV are in good agreement with the
measurements. Experiments involving total and transport
cross sections between 0.1 and 1.5 MeV are compared with
theory and reasonably good agreement is found with most
of these. However,, for the elements, I, In» Sb, agreement
in the context of the theory may be obtained only if the
strength of resonance levels for these elements is assumed
to be unusually low»

172. THE SPECTRUM OF NEUTRONS INELASTICAL.LY
SCATTERED BY U2 3 8

Fetisov* N.I.
Atomnaya Energi ya* Vol. 3, pp» 211-14 (1957)»
J.Nucl. Energy, Vol. 8, p. 156 {1958}

By means of a Wilson chamber the spectrum of the
scattered neutrons was recorded» A target of "heavy"
ice was used as a neutron source* which was bombarded
with accelerated deuterons. The average energy of the
primary neutrons was 2.5 and 3,5 MeV. As a scattering
substance a spherical uranium layer of i8~mm thickness
was used* where the target center coincided with the
scattering center• The energy distribution o£ the
inelastically scattered neutrons measured in the interval
range of from 100 to 1300 kev can be represented by
the statistical theory» For the 2,5 MeV primary
neutrons the most probable scattering energy of the
secondary neutrons is 275 kev| for 3,5 MeV neutrons
it shifted toward 375 Kev.

173,, SPECTRA OF NEUTRONS INELASTICALLY SCATTERED
ON U2 3 8

Fetisov, N.I.
p» 519-22 of Soviet Research on the Lanthanide and
Actinide Elements, 1949-1957. Part III.
Nuclear Chemistry a.nd. Nuclear Properties.
(In English Translation)* New York» Consultants
Bureau, Inc., 1959

ry o o

The spectra of neutrons inelasticaliy scattered by U
were measured with a Wilson cloud chamber. The scatterer
was a spherical layer of impoverished U 18 mm thick. The
energy distribution for the inelastically scattered neutrons
was measured in the energy range from 100 to 13 00 kev
and found to be in agreement with statistical theory. The
most probable energy for the scattered neutrons was
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determined to be 275 kev for neutrons with an initial energy
of 2.5 MeV and 375 kev for neutrons with an initial energy
of 3.5 MeV.

174. CROSS SECTION FOR THE (n,2n) REACTION IN Be9

Fischer, G.J.
The Physical Review, Vol. 108, pp. 99-103 (1957)

The cross section for the (n, 2n) reaction in Be has been
measured for neutron energies between 2.6 and 3,25 Mev.
It was found that the reaction sets in sharply at approcimately
2.7 Mev, from which energy the cross section rises rapidly
to 0.70 barn at 3.25 Mev. This experimental result strongly
suggests that the reaction proceeds primarily by means of an
inelastic interaction which leaves the excited Be^ nucleus in
its 2.43-Mev level before emission of the second neutron
upon breakup. There is no peak in the (n,2n) cross section
corresponding to the broad peak at 2.73 Mev in the total
neutron cross section.

175. CROSS SECTION FOR INELASTIC INTERACTIONS OF
14.5 MeV NEUTRONS WITH VARIOUS ELEMENTS
Flerov, N.N., Talyzin, V.M.
The Sov» J. of Atomic Energy, 1956, pp. 617-620

Be, B, C, N, O, Mg, Al, Si, P, S, KC1, Ca, Fe, Cu,Zn,
Se, Cd, Sn, Sb, I, W, Hg, Pb, Bi.

176. ON THE ENERGY SPECTRUM OF IN EL AS TIC ALLY
SCATTERED NEUTRONS
Flowers, B.H. (Gt.Brit. Atomic Energy Research
Establishment, Harwell, Berks, Eng.)
AERE-T/M-37, Mar. 10, 1950, 5p

Formula representing the spectrum of inelastically scattered
neutrons and based upon a statistical theory of the nucleus
are discussed. A simple formula is proposed which* while
differing somewhat from the conventional Maxwellian
distribution, still only involves one unknown parameter.



- 65 -

177. STATISTICAL THEORY OF NUCLEAR FISSION:
ASYMMETRIC FISSION
Fong, P.
The Phys. Rev., Vol. 102, Second Ser., April 1
- June 15, 1956, pp. 434-448. No. 2

The nuclear level density expression is studied
empirically with special attention to shell effects,

178. SEMICLASSICAL DESCRIPTION OF SCATTERING
Ford, K.W., Wheeler, J.A.
Annals of Phys., Vol. 7 (1959), No. 3, pp. 259-286

The quantum-mechanical scattering amplitude can be
simply related to the classical deflection function
when the conditions for a semiclassical analysis of
the quantum-mechanical scattering are met. Various
interesting characteristic features of the scattering
are related to special features of the classical
deflection function» The characteristic types of
scattering discussed are: interferences when the
deflection function possesses more than one branch
at a given angle| rainbow scattering, when the de-
flection function has a relative maximum or minimum}
glory scattering, when the deflection function passes
smoothly through O° or through an integral multiple
of + ft i and orbiting, when the deflection function
possesses a singularity. The consideration of the
characteristic features of semiclassical scattering
makes possible the analysis of an observed differential
cross section to yield the classical deflection function,
which in turn may be used to construct the potential.

179. NEUTRON TOTAL CROSS SECTIONS OF Bes B , B,
C, AND O
Fossan, D.B., Walter, R.L., Wilson, W.E.S

Barschall, H.H.
Phys. Rev., Vol. 123, No. 1, July 1961, pp. 209-218

Total cross sections of Be, B , B, C and O have been
measured for neutrons of energies between 3.4 and
16 MeV. Neutrons of energy spreads between 15 and
40 kev were produced by bombarding tritium targets
with protons or deuterium targets with deuterons, the
charged particles being accelerated in a tandem
electrostatic accelerator. Sharp peaks in the total
cross sections of B**, C, and O yielded information
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12 13 17
about energy levels in B , C , and O » None of the total
cross sections of the five nuclei investigated showed sharp
peaks above energies corresponding to an excitation energy
of the order of 12 MeV of the respective compound nucleus»
The transition from sharp structure to a slowly varying
cross section occurs quite abrxiptlys except for the compound
nucleus B which id excited to almost 12 MeV even for slow
neutrons»

180, OPTICAL MODEL OF INELASTIC SCATTERING
Fowler, T.K.
Phys. Rev. Letters, i , pp« 371-3 (1958) Nov. 15

Inelastic scattering from a complex nucleus can be regarded
as a collision with a single nucleon, a direct interaction, if
the multiple scattering within the nucleus prior to this final
collision is treated as propagation in a medium characterized
by a complex potential . "Vp If "nuclear medium" were an
unambiguous concept^ Vj would equal Vcj the usual optical""
potential describing the propagation of elastic waves. Vj is
derived and» for incident particles as heavy as protons» it
is seen to differ from V in the respect that ReVT=2/3 ReV *

181. THE QUASI-ELASTIC SCATTERING OF FAST PARTICLES
BY ATOMIC NUCLEI
Fowler, T.K»? Watson» K«M.
Nucl. Phys. , Vol. 13, 4, (1959), pp. 549-575

The scattering of fast particles by atomic nuclei for large
momentum transfers and small energy loss is studied. The
cross sections may be expanded in inverse powers of the
energy of the incident particle, using methods due to
Placzek and Wick» The resulting cross sections, when applied
to analysis of experiments, may be used to study short range order
in nuclei. An analysis of electron, pion and proton
experiments shows consistent, results and also shows in a
striking way the effects of the "repulsive core" in two body
forces»

182. NEUTRON SCATTERING FROM CLOSED SHELL NUCLEI
Fowler, J .L. , Cor man, E«G«S Campbell, E.C«
Proc.Intern. Conf. on Nuclear Structure, Kingston,
Can» August 29 - September 3S 1960
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183. METHOD TO OBTAIN THE ENERGY DEPENDENCE
OF REACTION CROSS SECTIONS WHEN A COMPOUND
NUCLEUS IS FORMED
Fox, R.j Albert, R.D.
Phys. Rev., Vol. 121, No. 6, (1961), pp. 1779-1781

It is found that measuring the energy distributions of
emitted particles at two different incident energies
and two reaction cross sections is sufficient to obtain
the energy dependence of a reaction cross section when
it is known that a compound nucleus is formed» The cross
sections obtained are a function of the excitation energy
of the residual nucleus. They are the usual reaction cross
sections at zero excitatation energy when the assumption
is made that the reaction cross section does not vary
with the excitation energy of the target nucleus» By
comparing,the reaction cross sections thus obtained
with measured nonelastic cross sections, the compound
elastic cross section may also be obtained» An example
using this method is given in which two measured energy
distributions and two measured cross sections were
used to obtain the energy dependence of the reaction
cross section of nickel in the 2,5 to 7-MeV energy range.

(see Phys. Rev. Letters, Vol. 6, No. 2* (1961),
p. 79)

184. MANY-BODY BASIS FOR THE OPTICAL MODEL
Frantz, L.M.» Mills, R. L«
Nucl. Phys., Vol. 15, (I960), No. i, pp. 16-32

A formal expression is derived for an optical model
potential based on an assumed two-body inter action
between nucleonst which provides an exact description
of the elastic scattering of a single nucleon by a closed
shell (or closed shell + 1) nucleus.A second-quantized
description is used for the many-fermion system, the
true state vector being expanded in terms of a complete
set of single-particle model wave functions» Eli mation
of the variables of all but . the scattered nucleon yields
a weighting function which satisfies a one-body
Schrödinger equation, whose S~matrix elements are
identical with those of the true S-matrix between states
corresponding to elastic scattering» The effective optical
model potential is identified from this Schrödinger
equation, and is found, of course, to be complex and
non-local. It contains all the effects of the exclusion
principles and. is in the form of a linked-cluster
perturbation, expansion, so that the spurious divergence
of Brillouin-Wigner perturbation theory for a large
number of nucleons is absent.



185. INELASTIC NEUTRON SCATTERING IN MANGANESE
Freeman^ J.M. (Atomic Energy Research Establ.^
Harwell, Berks» Eng«)
Phil. Mag. (7), Vol. 46, pp. 12-16 (1955)» Jan»

Gamma rays of energies I26S 853, and 980 kev have been
observed following inelastic neutron scattering in M n " t

with neutron bombarding energies up to, 1,3 MeV. The
evidence indicates levels in Mn°- at 126 H- 3 kev and
979 + 8 kev» the second level decaying mainly { 95%}
by cFscade through the lower level*

i 86« INELASTIC NEUTRON SCATTERING IN LITHIUM SEVEN
Freeman» J»M.j Lane» A.M.? Rose, B. (Atomic Energy
Research Establishment, Harwell, Berks, Eng«)
Phil, Mag, (7) t Vol. 46S pp« 17-30 (1955), Jan.

The cross section for the reaction Li (n n ' jLi $ in
which the residual nucleus is left in its first excited
state {478 kev)» has been measured as a function of
neutron bombarding energy from the threshold up to
1»65 MeV, The reaction was studied by observation»
with hot}) stilbene and sodium iodide crystal detectors^
of fcho Y rays from the Li « Details of the experimental
method are given» The shape of the excitation curve for
the reaction immediately .'ibove threshold indicates a
strong s-wave contribution due to a. (i-) level m the Li
compound r;uclcasä Above this rof'.on the curve rises
to a peak at a neutron energy of about 1*35 MeVs

corresponding to a Li8 lo-ei at 3,2 MeV ( F IT 1 MeV)3

which can be interpreted in terms of theoretical models
as either a (i -j) or, possibly? a (1 -) state»

187. INELASTIC NEUTRON SCATTERING IN F 1 9

Freeman, J .M. (Atomic Energy Research Establishments
Harwell» Berks3 Eng»)
Phys. Rev., Vol. 99* pp« 1446-7 (1955) Sept* 1

The energies and yields of the Y rays following inelastic
neutron scattering in F " have been studied as a function
of neutron bombarding energy up to 2ffl2 MeV, In this
range four 7 rays only, of energies H i + 1,5 kev,
1*96 \- 7, kev, 1.240 +_ 0,015 MeV and 1.371 + 0,016 MeV,
have b~e<5n found» The first two correspond to the first
two excited states of F* "„ The second pair of V rays
appear? from the threshold curves» to arise from F*-9
levels at 1*43 + 0* 03 and i«55 + 0*03 MeV respectively*
The alternativé"of a t . 35-MeVTevei and the decay scheme
are discussed,
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THE INELASTIC SCATTERING OF FAST NEUTRONS
Freeman, J.M»
Progr. Nucl» Phys.» Vol. 5 (1956) pp. 37-88

Classification of neutron-induced reactions, early Work
on inelastic neutron scattering, neutron sources and flux
measurements, experimental methods and results,
theoretical discussion

1« Individual levels in both compound and residual
nuclei

2, Statistical theory applied to the compound nucleus
3. Statistical theory applied to both compound and,

residual nuclei
4» The complex potential model

189. THE LEVELS OF 9 F FROM INELASTIC NEUTRON
SCATTERING
Freeman, J .M. (Atomic Energy Research Establishments
Harwell» Berks* Eng»)
Phil. Mag. (8), Vol. i , pp. 591-604 (1956) July'

The gamma rays following inelastic neutron scattering
in F -̂9 have been studied as a function of nexitron
bombarding energy up to 2.2 MeV. The gamma-ray
spectra in coincidence with radiation from the lowest
excited levels} at H i and. 196 kevs have also been
measured near the thresholds for excitation of the
higher levels» The following gamma rays have been
found: 1.236 +_ 0,012 and 1.356 +_ 0.012 MeV, in
coincidence with t l l -kev radiationj l»360+ Q«0l2 MeV,
in coincidence with 196-kev radiation^ ~~
1,472 + 0«0l6 MeV. corresponding to a ground-state
transition. The results are interpreted in terms of
F1<? Levels at 1.557, 1.466, and 1.34.6 MeV» Branching-
ratios for the decay of each level to the ground i l l -kev
and 196-kev states have been examined. No other
levels up to 2,0 MeV have been found.

190, THE EXCITATION OF A 2.79 MeV level IN ! 9 F
BY INELASTIC NEUTRON SCATTERING
Freeman, J .M, (Atomic Energy Research Establishment*
Harwell., Berks» Eng»)
Phil. Mag, (8), Vol. 2S pp. 628-34 (1957) May

Gamma rays of energy 2.594 + 0.015 MeV have been
observed following the inelastic scattering in ^
of neutrons in the energy range 3.2 to 3.7 MeV
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They are attributed to a level at 2.791 + 0.015 MeV which
decays principally by a transition to the~second excited
state at 197 kev. The cross section for production o£
these gamma rays has been measured as a function of
neutron energy and the result compared with the predictions
of the Hauser-Feshbach model for different values of
the spin of the level. It is concluded tentatively that
the spin of the 2.79 MeV level is either 9/2 or 7/2.

191. GAMMA-RAYS FROM INELASTIC NEUTRON SCATTERING
IN Na23
Freeman, J.M., Montague, J.H. (Atomic Energy
Research Establishment, Harwell, Berks, Eng»)
Nuclear Phys., Vol. 9, pp. 181-97 (1958) Dec. (1)

Gamma rays following inelastic neutron scattering in
Na^3 were measured with neutron bombarding energies
up to 3.7 MeV, and the modes of decay of the first six
excited states were investigated. Transitions to the
ground state and to the first excited state at 0,44 MeV
were observed with a ring geometry arrangement» and
the cascade transitions were confirmed by "Y -Y coincidence
measurements. Where possible, estimates were made of
the ratio of the intensities of emission from a particular
level to the ground state and to the first excited state»
The following gamma-rays were observed (an asterisk
Indicates a Transition to the first excited State): 0,438 MeV
from the first excited state: 2,008 and 1.643 MeV from
the second excited state (intensity ratio 0.19)j 2,386
and 1.954 MeV from the third excited state (intensity
ratio 3.0); 2.635 MeV from the fourth and 2,27 MeV
from the fifth excited state: 2.979 and 2.56 MeV from
the sixth excited state (intensity ratio of the order
unity). Cross section curves for excitation of the
levels at 0.44, 2.08, and 2,39 MeV were also
measured.

192. THE COMPOUND NUCLEUS
Friedman, F .L . , Weisskopf, V.F.
Paper in "Niels Bohr and the development of Physics11

Ed. by W. Pauli London 1955, pp. 134-162
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193, COMPUTER CODE ABSTRACTS NO, 14
Friedman, M»A., Zweifel, P . F . (Atomic Power
Development Associates, Inc. Detroit, Michigan)
Nucl. Sci. and EngO9 Vol. 10, (1961), No. 3,
July, pp. 296-297

Calculation of the energy exchange inelastic scattering
cross section (integrated over angle) according to the
Hauser-Feshbach theory as modified by D» Goldman»
This modification includes the effect of spin-orbit
coupling on the transmission coefficients.
This program is one of two similar codes written
for the IBM 704» The other code, developed by
M. Gursky of Los Alamos Scientific Laboratory,
requires at least a i6K machine but has the advantage
of giving the angular distribution if this is considered
necessary, A code which performs similar types of
calculation has also been prepared by M« Kalos and
£« Troubetzkoy of NDA for the Datatron 205» Input
penetrabilities may be obtained from the SWAMI code
(KAPL) or by any other desired methods» The subject
code is also part of the ABACUS system developed
at KAPL which includes SWAMI, HAFEVER, and an
optical parameter search»

References :

Kalos, M.H. and Troubetzkoy, E.S. , A description
of the Sortie I code» NDA Phys. 1349»

Reilly, E.D., SWAMI, a nuclear optical model code
for the IBM-704. KAPL (internal memorandum)
December 7, 1959),

Auerbach, E.H., ABACUS t-preliminary description
and input preparation. KAPL-M-EHÄ-1 Phys. and
Mathematics (December 15, I960).

Friedman, M.A. and Zweifel, P.F.* HAFEVER-an
inelastic scattering code for the IBM-704. APDA-141
(September* I960),

194. HAFEVER- AN INELASTIC SCATTERING CODE FOR
THE IBM 704 COMPUTER
Friedman, M.A.S Zweifel, P .F .
APDA-141, I960

HAFEVER is an IBM 704 code which calculates the energy
exchange inelastic scattering cross section according
to Hauser-Feshbach theory as modified by Goldman to
include the effect of spin-orbit coupling on the trans-
mission coefficients «
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The present code calculates only the cross sections integrated
over ang.le« The reasons for this are simplicity and the fact
that according to Hauser-Feshbach theory inelastic scattering
is a symmetric about 90°j i»e» cr-^E^E* cos 9) is an even
function of cos 6» Thus in a P± (or Bj) reactor calculation,
the angular distribution of inelastically scattered neutrons
v/ould play no part (except for the slight difference between
the c m . and lab system)>

195* ISOMERIC CROSS SECTION RATIOS FOR 14 MeV NEUTRON
REACTIONS
Fukuzawas F .
J. Phys, Soc. of Japan 16, No. 12» 1.961, 2371-2378

The cross sections for the production of isomeric pairs in
the following reactions with 14 MeV neutrons have been
measured by the activation method using the sample
sandwiched plastic scintillator: As"5(n? p)Ge'^ (25+5 mb)s

As 7 5(n,p)Ge 7 5 m (10+2 mb)j Br 8 i (n , 2n)Br8° (470+-50 mb)s

Br 8 i (n ,2n)Br 8 0 m (510+50 mb)j Ba l 3 8(n,a)Xe l 3 5 m(13+2 mb)j

Ho165(n3p)Dy165 (40+10 mb), Ho 1 6 5 (n ,p)Dy t 6 5 m (< 1 mb).
Their isomeric cross section ratios are compared with the
statistical model calculations based on the method of angular
momentum sampling. For Br^(n,Zn) and Ba*3°(ns a)
reactions j these ratios can be reproducing by these calculations
with the value of the level density parameter 6 = 4+1,
but not for the other two. The disagreement in As"(n,p)
reaction can be explained by the predominance of the
direct interaction process.

196» THE DISINTEGRATION OF NITROGEN BY FAST NEUTRONS
Gabbard, F.., Bichsel» H. , Bonner, T.W.
(The Rice Inst, , Houston, Tex.)
Nucl. Fnys, , Vol. 14, (1959/60), pp. 277-294

The disintegration of nitrogen by fast neutrons has been studied
using a grid-type ionization chamber filled with nitrogen or
a nitrogen-argon mixture. Monoenergetic neutrons for
studying the reactions from a neutron energy of 1«3 to 8,2
MeV were produced by the T^(p,3i)He^ and D(d3 n) He
reactions» One group of protons, three alpha particle
groups and a group of tritons were observed as dis-
integration products of the neutron reactions in nitrogen.
The INP^n^pJC^ reaction leaving C ^ in its ground state
was studied from 1.3 to 4»3 MeV and the maximum cross
section observed was 230 mb. Four groups of a~particles
leading to the ground, 2,14s 4,46? and 5« 03 MeV levels
in B were observed in the experiment» The cross section
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for the a-particle group leading to the ground state of
B** varied from 5 mb at a neutron energy of 1»3 MeV
to 390 mb at 4.2 MeV and decreased for higher neutron
energies. Triton emission leading to the ground state
of C was observed above a neutron energy of
5.6 MeV. Above 7 MeV4 the cross sections for
disintegration by emission of each of the alpha groups
and by tritbn emission were about equal and where
approximately 40 mb, The cross sections show many
narrow resonances in the neutron energy range studied.
The data show that alpha emission relative to proton
and neutron emission from these highly excited states
of N -* is much more probable than expected on shell
model considerations»

197. OPTICAL MODEL FOR NUCLEAR SCATTERING
Glassgold, A.E.
Progr. Nucl. Phys., Vol. 7, (1959), pp. 123-162.
Ed» Frisch, O.R. Pergamon Press 1959.

The Optical Model Potential

Nucleon Scattering
Low energy neutron scattering (0-14 MeV)
Low energy proton scattering (0-17 MeV)
Nucleon scattering at intermediate energies
(20-400 MeV).
Relation between nucleon-nucleon and nucleon~
nucleus scattering»
Nucleon scattering at very high energies (Greater
that 400 MeV).

Scattering of Particles other than Nucleons
Alpha-particle scattering
Scattering of low-energy deuterons
Antiproton scattering.

198» THEORY OF DIRECT-INTERACTION INELASTIC
SCATTERING
Glendenning, N» K.
Phys. Rev,, Vol. 114, No. 5, June 1,1959» pp. 1297-1311

A model is proposed for the description of direct-
interaction inelastic scattering in which resolved
final states of the target nucleus are observed. This
model is expected to be useful in deducing the spins
and parities of the excited states of nuclei.
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199» HAUSER - FESHBACH INELASTIC SCATTERING WITH SPIN
ORBIT PENETRABILITIES
Goldman3 D« T.
Art ic le in KAPL.-2000-12 (i960)

Derivation of formulas»

200. CALCULATION OF NUCLEAR CROSS SECTIONS FOR REACTOR
DESIGN
Goldman* D . T . , F r a n c i s , N.C.» Auerbach, E«H«
Ar t ic le in KAPL-12 (I960)

Short survey of theories applied at KAPL.

201 . CALCULATION OF INELASTIC NEUTRON SCATTERING
FROM Z r 9 0 AND N b 9 3

Goldman» D. T.
TID-12549, I960

Calculation of c ross sections for excitation of various l eve l s ,
with some assumptions on spin and pari ty ass ignments*
Comparisons with experiments by Campbell et al / and
Lind and Day2) for Z r 9 0 and Nath et a P ) for N b 9 3 . (in
the case of N b 9 3

s the spins and par i t ies of the f i rs t
four levels were previously determined* The compound
cross sections for the excitation of various Nb"^ levels
by neutron scat ter ing were calculated using penetrabi l i t ies
determined from the nuclear potential*)

1) P h y s . R e v . , 9 8 , p . H72A, 1955
2) A m . P h y s . , I T , No, 3* p* 485 (1961)
3) Nuclear Phys .* 14 , p# 78 (1959/60)

202» CALCULATION OF INELASTIC NEUTRON SCATTERING
FROM ZIRCONIUM-90 AND NIOBIUM-93
Goldman, D . T .
Bul l . Am. Phys« S o c 6 , p c 294-5 (1961)

The Hause r -Feshbach theory for the inelast ic sca t ter ing of
neutrons has been general ized to include spin-orbi t
pene t rab i l i t i es . Formulas for the total and differential
sca t te r ing c ross sections will be p resen ted . The extended
theory has been used to calculate the c ross section for
the scat ter ing of neutrons from Z r 9 ^ and N b 9 3 . i ^ e
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penetrabilities, T £ were calculated from an optical
potential whose parameters were chosen so that the
total and elastic cross sections were given correctly»
The differential cross section and strength functions
were also examined. The sensitivity of the calculated
quantities to variations of the parameters has been
investigated» The calculated cross section for the
neutron excitation of Zr'O as function of energy has
been compared with available experimental data» In
the absence of complete data on branching ratios,
no exact comparison can be made but general agreement
between calculated and experimental values has been
noted in the energy range of 2*8-3.7 Mev, and poorer
agreement for a neutron energy of less than 2.8 Meva

The Nb' results were in good agreement with
experimental values up to an incident energy of
i.25 Mev, the limit of the available data» It was
possible to discern a difference in calculated results
depending upon the choice of spins and parities.

203. CALCULATION OF INELASTIC NEUTRON SCATTERING:
ZIRCONIUM-90, ZIRCONIUM-92, NIOBIUM-93, AND
ALUMINIUM-2?
Goldman, D.T., Lubitz, C.R.
KAPL-2163, Aug. 15, 1961

Hauser-Feshbach calculations of cross-sections for
the excitation of various levels by inelastic scattering.
An expanded version of this work will be submitted for
publication in Phys« Rev.

204. NEUTRON CROSS SECTIONS FOR DEUTERIUM
Goldstein, H.
NDA 2131-27, Oct. 10, I960

<r.* & .y c <r ,($) in the energy region 18.02 MeV
t n, Cxi ei

- 12.2 kev.

205. STATISTICAL MODEL THEORY OF NEUTRON
REACTIONS AND SCATTERING
Goldstein, H.
Fast Neutron Phys,, Part II» Ed. by Marion Fowler»
Inter science Publishers 1961.
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206. IMAGINARY PART OF THE OPTICAL POTENTIAL
Gomes, L«C.
Phys.Rev., Vol. 116, No. 5, Dec. 1, 1959, pp. 1226-1229

The imaginary part of the optical potential has been
investigated for low-energy incoming neutrons^ by means
of the nucleon-nucleon cross sections in nuclear matter»
The cross sections have been calculated under the assumption
that pair correlations for low excited states of nuclear
matter are the same as those formed in the ground state»
The dependence of the effective mass on the single-particle
momentum has been taken into consideration using an
empirical solution which reproduces the present assumptions
for the single particle spectrum. The results have been
applied to the nuclear surface in the Thomas -Fermi
approximation» The maximum in the imaginary
potential was found to be at the surface outside of the
half-density radius. For low incident energies it is
about 1«5 x 10""^ cm beyond this radius»

207* CROSS SECTION FOR INELASTIC INTERACTION OF
14 MeV NEUTRONS WITH SOME LIGHT ELEMENTS
Gorbachev, V»M. and Poretskii3 L.B.
Sovj. J. of Atomic Energys 4 , No 2* 259» (1958)

Element

~T^
L i 7

B e 9

B

C

er

0 .

0 .

0 .

0e

0 ,

(barns)

,66^0.05

,52'~0,06

.55^0,04

74"to.O7

63-0.06

208, COMPILATION OF NUCLEAR PHYSICAL CONSTANTS
FOR REACTOR CALCULATIONS
Gordeev, I .V., Kardas ev» D.A., Malysev, A«V»
Nuclear Data for Reactor Calculations
Moscow I960 (In Russian) 280 p.

Contains data on inelastic scattering and (ns 2n) -reactions
for numerous elements (chapter 3) kept up to 1958,
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209. ON REACTION CROSS-SECTIONS WITH 14 MEV
NEUTRONS
Gove, N.B. , Nakasima, R.
Nuovo Cimento, Vol. 22, 158-167, (1961)

Cross-sections with 14-MeV neutrons for light- and
medium-weight nuclei analysed in terms of the
compound nucleus model - a systematic trend is
found in the variation of cr(n, 2n) with neutron number
in the target nucleus.

210. CROSS SECTIONS FOR NONELASTIC INTERACTIONS
OF 14-MeV NEUTRONS WITH VARIOUS ELEMENTS
Graves, E«R., Davis, R.W. (Los Alamos Sci« Lab«s

N.Mex.)
Phys.Rev., Vol. 97, pp. 1205-12 (1955) Mar, 1

The multiplication of neutrons by thin spherical shells
of various materials surrounding a point source of
14-MeV neutrons has been measured» A special

long counter was used whose energy response is
independent of neutron energy over a range of
energies from about 1 to 14 MeV. The transmission
of primary energy neutrons through the shells has
been measured with a trans-stilbene detector, and
values of the inelastic collision cross sections have
been derived. The quantity <r o + 2cr -> -cr is

n» on n? S,n c
calculated, where cr o and cr are the cross

n} dn n» in
sections for (n,2n) and (n, 3n) reactions and cr
is the sum of the cross sections of all processes
which destroy a neutron. Upper and Lowe* limits
are derived for cr ~> * °" » an<^ °" • (inelastic
scattering) for all materials investigated. For a
number of materials specific values for the cross
sections are obtained.

211, NEUTRON CROSS SECTION MEASUREMENTS PERTAINING
TO THE OPTICAL MODEL
McGregor, M.H.
A/CONF. 15/P/1881, USA, June 1958
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212. NONELASTIC NEUTRON CROSS SECTIONS AT 14 MeV
McGregor, M.H», Bail» W,P., Booths R.
(Univ. Calif» Radiation Lab., Liverrrtores Calif.)
Phys, Rev,» Vol. 108, No, 3* Nov. 1, 1957S pp9 726-734

Nonelastic neutron cross sections for 23 elements have been
measured at 14.2 MeV by means of the sphere transmission
technique. Corrections have been, applied to the data,
principally for elastic energy loss^ multiple scatterings
and. finite detector si»e« The results are compared with
predictions of the optical model. Be, Bs B̂ O? C, N» O*
F, Mg, Al, Si, P3 S, KC1S Ca, Tis Crs Fe, Co, Ni, Cu,
Zn, Se, Zr, Ag, Cd, Sn, Sb, I, W, Au, Hgs Pb3 Bi«

213. DIRECT INTERACTION NEUTRONS FROM 14-MeV
INELASTIC NEUTRON SCATTERING
McGregors M.H.
UCRL-5229, 1958

Neutron nonelastic cross sections measured at different
detector biases have been used to determine the cross
sections for inelastically scattered 14 MeV neutrons into
the 9- to 14-MeV energy range» The cross sections for
producing these high energy neutrons, which may be
attributed to direct interaction processes, is roughly
10% of the nonelastic. cross section, for all elements, A
comparison is made with data of Coon and. co-workers,
who measured angular distributions for the same high-
energy inelastically scattered neutron group»

214. NEUTRON NONELASTIC CROSS SECTIONS AT 21.0, 25.5,
AND 29.2 MeV
McGregor, M.H., Ball, "Vy.P., Booth* Ra

Phys.Rev., Vol. i l l , (1958), No. 4, pp. 1155-1162

Neutron nonelastic collision cross sections for eleven
elements have been measured in the energy range 21-29 MeV,
Corrections were applied to the data by means of a UNIVAC
calculation» Since no experimental neutron angular
distributions are available in this energy region, optical-
model calculations were used for the correction problem»
In general the cross sections at 25 MeV are 10% to 20%
lower than at 14 MeV.
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215. NEUTRON NONELASTIC CROSS-SECTION MEASUREMENTS
ON CARBON
McGregor, M.H., Booth, R. (Univ. Calif.3 Livermore)
Phys.Rev., Vol. 112, pp. 486-7 (1958) Oct. 15

Neutron nonelastic cross sections for carbon have been
measured over the energy range from 5» 8 to 12,9 MeV«
The main features of the carbon nonelastic cross section
as a function of neutron energy are a gradual rise from
threshold (4.8 MeV) up to 7 MeV, a steep rise from 7
to 8 MeV, and an approximately constant value from 8
to 14 MeV. In the vicinity of sharp resonances in the
total cross section» good cross-section determinations
are difficult to obtain using present-day sphere trans-
mission techniques.

216. NEUTRON NONELASTIC CROSS-SECTION MEASUREMENTS
FROM 7 TO 29 MeV
McGregor, M.H»
UCRL-5230

Neutron nonelastic cross sections have been measured for
23 elements at 14 MeV and for a selected set of these
elements over the energy ranges 7 to 14 MeV and 21
to 29 MeV. Conventional sphere transmission techniques
were used for the measurements. A comparison with
optical model calculations of Björklund and Fernbach
shows excellent agreement.

217. EFFECTS OF THE DIFFUSENESS OF THE NUCLEAR
BOUNDARY ON NEUTRON SCATTERING
Gribov, V.N.
Sov. Phys. JETP., Vol. 5, No. .4, Nov. 1957,
pp. 537-541

It is shown that the scattering amplitude for a potential
with a diffuse boundary whose width is small compared
with the wavelength of the incident particle can be
expressed in terms of the phase shifts for scattering
by a rectangular potential of a smaller radius and
have been computed for the potential

and the scattering amplitude has been determined. The
problem of passage» through a barrier whose width is
small compared with the wavelength of the incident
particle is also considered.
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218. GAMMA RADIATION FROM NEUTRON INELASTIC SCATTERING
Griffith, G. L. (Westinghouse Research Lab., East
Pittsburgh, Perms.)
Phys.Rev., Vol. 98, pp. 579-82 (1955) May 1

Energy measurements have been made by means of a
scintillation spectrometer of the gamma rays produced
by bombarding several elements with 4. 5-MeV neutrons»
The following gamma rays have been found (energies in MeV):
B: 0.70, 2.20; F, 1.34, 6.10$ Al: 0.84, 1.02, 2.27, 3.10;
Fe: 0.85, 1.20, 1.73, 2*05, 2.50, 3.52; Zr: 0.92, 2.20,
3.23; Pb: 0.79, 1.36, 2.70. These energy values can be
used to determine accurate values of the nuclear energy
levels for those elements where the level scheme has been
determined uniquely by observations on the scattered
neutron energy spectrum.

219. REMARKS ON THE OPTICAL MODEL OF A NUCLEUS
Grishin, V.G., Podgoretskii, M.I. (Joint Inst. for
Nuclear Research, Dubna, U.S.S.R. Lab» of High Energy)
NP-7790, 1959, Up.

220. NEUTRON CROSS SECTIONS FOR ZIRCONIUM
Guernsey} J .B . , Goodman, C. (Massachusetts Inst«
of Tech., Cambridge)
Phys. Rev., Vol. 101, 294-7 (1956) Jan. 1

The inelastic neutron cross section for the excitation of
the 930-kev level in zirconium has been measured as a
function of neutron energy between 0.9 and 2*2 MeV. The
de-v.ej£citation gamma radiation has been observed with
a single-crystal Nal(Tl) spectrometer. Isotopic
assignment of the observed level is still uncertain» The
total cross section for zirconium has been measured for
neutrons with energies between 0.7 and 1.2 MeV, using
a hydrogen recoil counter in a good-geometry transmission
experimental. Some correlation between inelastic and
total cross sections has been observed.

221. EXAMINATION OF SOME LOW-LYING LEVELS BY
INELASTIC NEUTRON SCATTERING
Guernsey, J .B . , Wattenberg, A. (Massachusetts Inst»
of Tech., Cambridge)
Phys.Rev., Vol. 110, pp. 1516-23 (1956) Mar. 1

The de-excitation gamma radiation following inelastic
scattering of neutrons has been studied for eight elements
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(of normal isotopic abundance) with excited states between
100 and 350 kev. A thin Nal(Tl) crystal spectrometer is
used as a gamma-ray detector. Yield curves §zv the ganama
rays from low-lying levels in Mn, I, Hf» Ta, W, Re, Pt4

and Au have been obtained as a function of neutron energy
for neutrons from 100 to 1800 kev« In some cases these
yield curves represent a composite of gamma radiation
from the directly excited states under observation, and
cascade radiation from higher excited states» A comparison
of the yield with total inelastic scattering cross sections
requires a complete knowledge of the decay schemes»
This is discussed for the individual elements. In the
cases of Mn, I-, and Re cross-section values obtained
represent that part of the total inelastic cross section
which arises from the excitation of a single known
level» Agreement of the excitation curves with Hauser-
Feshbach theory is good in most cases. No large
unanticipated effects seems to arise in the inelastic
scattering of neutrons from levels known to be rotational.

222. EXCITATION FUNCTION FOR NEUTRON INELASTIC
SCATTERING
Guernsey, J . , Lind, D.A.
Fast Neutron PhySe, Part II, Ed, by Marion & Fowler,
Interscience Publishers 1961»

223. A SURVEY OF SCATTERING AND REACTION EXPERIMENT
WITH MEDIUM ENERGY NUCLEONS AND a-PARTICLES
Gugelot, P.C.
Art. inP.M. Endt and M. Demeur: Nuclear Reactions
(North-Holland PubU Comp. 1959)s pp. 391-426

1. The independence hypothesis
2. High energy interactions

THE COMPOUND SYSTEM
1. Statistical theory of nuclear reactions
2. Fermi gas model

THE OPTICAL MODEL
1. Elastic scattering of nucleons
2. Elastic scattering of a-particles

INELASTIC SCATTERING AND REACTIONS
1» Nucleon induced reactions
2« Reactions induced by a-particles

3. Conclusion

SURFACE INTERACTIONS

CAPTURE REACTIONS
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224. ELASTIC SCATTERING OF i5-Mev NEUTRONS BY COPPER,
LEAD AND U238 NUCLEI
B. Ya. Guzhovskij (Russian)
Atomnaya Energ. , 11: 395-6 (Oct. 1961)

The differential cross sections of elastically scattered
15+0.4 Mev neutrons by spheric Cu and Pb and strongly
deformed U " 8 nuclei were compared with theoretical
values obtained on the basis of the optical model of the
nucleus. The neutron flux was generated by bombarding
a thick Zr - T target with deuterons accelerated
electrostatically to 290 keV| the scatterers consisted
of thin-walled cylinders or rings. Plastic and stilbene
scintillators were used as detectors» in connection with
a 50-channel amplitude analyzer. The values obtained for
Cu and Pb agree well with previously published dataj
similar agreement was obtained for U^8 and known
values of natural U in the angular region of 1 0 to 55°.
The experimental results also agree well with the theoretical
calculations. The divergence due to the non-speric
character of the U nucleus can be determined only
after the necessary corrections will have been made for
angular resolution attenuation and multiple scattering.
This divergence is expected to be noticeable only in the
region of the first minimum.

225. INELASTIC SCATTERING OF FAST NEUTRONS BY
14 27

N AND Al
Hall, H.E. , Bonner, T.W.
WASH-1021 (1959), p« 52 (see Nud, Phys.} Vol. 14,
p. 295, (1959/60))

The cross sections for the production of "Y radiation from
the inelastic scattering of 7,8 MeV neutrons by Al are
21 mb/ster. for the 1. 01 MeV "Y -ray 4 mb/ster« for the
2.22 MeV V -ray, and 22 mb/ster. for the 2.99 MeV radiation.

226, GAMMA RADIATION FROM INELASTIC SCATTERING OF
FAST NEUTRONS
Hall, H., Bonner, T.W. (Rice Univ.)
WASH-1031, 1961, p. 60

Measurement of Y radiation from inelastic scattering of
neutrons has been obtained in a sample of 72% pb^08 for

neutron energies of 4 to 8 MeV. Preliminary analysis
of data obtained with a neutron energy of 6.3 MeV shows
y radiation with quantum energies of 0. 86S 1.16, 2,62»
3.25, 3.45, 4.05, 5.10» and 5.44 MeV. The yield of
0.85 and 1.26 MeV Y radiation from Fe has been
computed for neutron energies of 4 to 8 MeV.
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227. GAMMA RAYS FROM INELASTIC SCATTERING OF
14-MeV NEUTRONS ON Pb 2 0 8

Hallett, E., Jensen, R. (Calif. Univ. » Livermore,
Lawrence Radiation Lab.)
UCRL-5768, Aug. 25» 1959, 21 p

The cross section for the production of 2«61~MeV gamma
rays from the Pb2^^(n, n"")Pb2O8 reaction was measured
for five different angles from 50 to 130°« The angular
distribution appeared to be isotropic within the precision
of the experiments and lead to an integrated cross section
of 25.5 + 4.6 mb.

228. DIFFERENTIAL CROSS SECTION FOR 3.7-MeV
NEUTRONS SCATTERED FROM ZIRCONIUM AND
MOLYBDENUM
Hans, H.S., Snowdon, S.C.
Phys.Rev., Vol. 108, No. 4, Nov. 15, 1957,
pp. 1028-1031

The differential cross sections for the scattering of
3,7-MeV neutrons from zirconium and molybdenum
have been measured in a ring geometry by using a
Bonner-type scintillation detector. The measurements
were taken over an angular range of 124 degrees
between 18 and 142°. Angular resolution effects
have been removed by iteration. Multiple scattering
effects have been removed by a Monte Carlo type
calculation.

229. INELASTIC SCATTERING FROM HAFNIUM AND
WOLFRAM ISOTOPES
Hansen, O.s Ollsen, M.C.» Skilbreid8 O.» Elbek, B.
Nucl. Phys., Vol. 25, No. 4, June 1961, pp. 634-641

The reduced electric quadrupole transition probabilities
and the excitation energies of the accessible low lying
states in the stable isotopes of Hf and W (except the rare
isotope W*°") have been measured by Coulomb excitation.
The measurements were performed on inelastically
scattered proton and deuterons recorded in a heavy
particle spectrograph. The results are discussed in
terms of the rotational model. The measured transition
probabilities are compared with those derived from,
lifetime measurements.
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230. THE INELASTIC SCATTERING OF NEUTRONS
Hauser, W., Feshbach* H«
Phys. Rev., Vol. 87, No. 2, July 15, 1952, pp,366~373

The total cross section and the differential cross section
for the inelastic scattering of neutrons are considered.
It is assumed that the compound nucleus is sufficiently
excited so that the statistical model may be applied as
well to the residual nucleus, it is shown that the angular
distribution of the inelastically scattered neutrons is
isotropic. If only a few levels of the target nucleus can
be excited, the angular distribution is anisotropic.
Tables are provided which permit the calculation of the
angular distribution if the incident and emergent neutron
angular momenta are less than or equal to 3h» Examples
of the evaluation of total cross sections are given,
providing examples of the sensitivity of the results to
the quantum numbers of the excited state»

231. INELASTIC SCATTERING OF 14 MeV NEUTRONS FROM
THE 9.6 MeV LEVEL IN C
Heyman, M. * Jérémie, H«, Kahane, J. , Sene, R.
J. de Phys. le Radium, Vol, 21, No. 5, May I960,
pp. 380-382

The angular distribution of 14 MeV neutrons inelastically
scattered by excitation of the 9.6 MeV level of carbon has
been obtained by time-of-flight measurement. The result
obtained by Singletary and Wood with nuclear emulsions
has been improved because of smaller statistical errors.
The angular distribution is asymmetric with respect to
90° to the beam, more particles being scattered into
forward than into backward angles.

232. DISTRIBUTION OF THE ANGULAR MOMENTS, LEVEL
SPACINGS, AND NEUTRON WIDTHS OF Al28

Hibdon, C.T.
Phys. Rev., Vol. 114, No. 1, April i, 1959,
pp. 179-194

The neutron total cross section from about 1 kev to 450 kev
shows the presence of sixty-six peaks, seven of which are
of the s-wave variety. Thirteen resonances are attributabel
to J = O, twenty-one to J = 1, eighteen to J = 2S ten to
J = 3, and three to J = 4. This distribution is in agreement
with the theoretical distribution for a value of 2 c l = 2cr 2 = 6,
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The density of all levels for this energy interval is
146 MeV and the average level spacing of the nucleons
is 0»48 MeV» The neutron widths vary from 1 to 7 kev
and the distribution o.[ the reduced widths appears to
agree with an exponential distribution and is also in
fair agreement with the Porter-Thomas distribution.»
The level spacings also agree with an exponential
distribution» As obtained from the reduced widths
averaged over both values o£ Js the value of the
strength function for i = 0 is 0«05s averaged over all
values of J for 1 = i it is 0.49» and for 1 = 2 it is
too large in comparison with the p-wave strength
function» The particularly low value of the cross section
below 30 kev and the shape of the wings of the 3!5"kev
resonance can be explained by a multiple-level computation
of the interference of the s-wave levels. On the basis
of the results of the present analyses^ the levels are
about equally divided between the odd and even values
of i .

2 33. ANALOG COMPUTING EQUIPMENT FOR ANALYSIS
OF NEUTRON CROSS-SECTION DATA
Hoehecrbury, P . , Yeater
KAPL-1651, 1958

Curve fittings area analysis» resolution functions and
multilevel calculations.

234. CALCULATIONS OF INELASTIC NEUTRON SCATTERING
CROSS-SECTION FOR Fe 5 6 AND Al27

Hoffman» R.A.
AECU-3387 (1955). Compilation of Techn» Reports on
the Subj. of Fast Neutron Scattering, Part I, pp» 128-133

According to the statistical theory of inelastic neutron
scattering suggested by Hauser and Feshbach»

235. GAMMA RAYS FROM NEUTRON INELASTIC SCATTERING
OF MAGNESIUM, ALUMINUM» IRON AND BISMUTH
Hosoe? M. 3 Suzukis S» (St. Paul's Univ*s Tokyo)
J« Phys, Soc. Japan, Vol. 14» ppe 699-707 (1959),
June

The gamma rays resulting from the ring scatter ers of
Mgs Al, Fe, and Bi bombarded with 2,95-MeV ne\itrons
have been investigated» The cross sections for the
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0.845-MeV gamma ray from Fe and for the l»37-MeV gamma
ray from Mg^4 were 1.10 +_ 0.13 and 0.66 + 0, 1 0 in barns,
respectively. The angular distributions of the gamma rays
relative to the direction of the incident neutrons were both
symmetric around 90°. These cross sections and angular
distributions were compared with the statistical theory
by the optical model. The results were fairly well interpreted
by using a diffuse potential well.

236, SEMI-EMPIRICAL NEUTRON CROSS SECTIONS
Howerton, R.J.
UCRL-5351

Several cross section curves are plotted for most of the
elements and isotopes considered. For most of the elements
and isotopes, the total cross section has been measured in
the energy range under consideration. For elements with
A > 40, optical model calculations have been made for the
total cross section in the energy range from 7 to 14 MeV«
The calculations of Fernbach and Björklund were used to
supplement the experimental data where there was a
shortage of measured values or where an ambiguity
existed between several measured values.

237» THE STATUS OF EXPERIMENTAL. NEUTRON CROSS
SECTIONS FOR ENERGIES BETWEEN 0.5 AND
14.5 MeV
Howerton, R.J. (Calif. Univ. Livermore, Lawrence
Radiation Lab.)
UCRL-5420, Dec. 1958, 26p

The present state of knowledge of the total, elastic
scattering, ii.elastic scattering, and (n,2n) cross sections
from 0.5 to 14.5 MeV is presented, and it is such that at
least nine years of measurement at the rate of the most
productive year to date would be required to eliminate,
by experiment, the ignorance of these values» It is
estimated that with good fortune in developing systematics
and mathematical models all the problems of neutron cross
section in this energy range may be solved in twenty years
if an effort is concentrated equal to that expended in the most
productive year to date.

238. INELASTISCHE STREEUNG VON 14 MeV NEUTRONEN AN
SCHWEREN KERNEN
Huber, P», Niklaus, P . , Wagner, R.
Helvetica Physica Acta, Vol. 33, x960s No. 6/7, pp. 560-564

Secondary neutron spectra of Bi? Pb, Hg and resulting neutron,
temperatures are given.
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239. INELASTIC SCATTERING OF 14.7 MeV NEUTRONS IN U
Huber, P . , Lewandowski, Z« L., Plattner» R.»
Poppelbaum, C , and Wagner, R.
Helvetica Physica A eta, Vol. 34, Dec, 1961, ppa8l5~8i8

2 38
The temperature of the U " nucleus is determined by
inelastic scattering o£ 14,7 Mev-neutronsj U (n, n"')
U238 -'-arLCj tfaQ further development of the U^38
nucleus, excited to 14 MeV* is treated»

240, STRENGTH FUNCTIONS FOR DEFORMED NUCLEI
Hughes, D.J . , Zimmerman. R. L. ? Chriens R.E.
Phys. Rev. Letters, Vol. 1, No» 12 (1958)
pp. 461-463

241. FORMAL THEORY OF SCATTERING PHENOMENA,
A STUDY OF RECENT ACHIEVEMENTS IN MODERN
SCATTERING THEORY
Instil Interuniversitaire des Sci, Nucl» Monograph
no, 7, Brussels (1960)s p. 279
(no author given)

A monograph is presented which treals scattering
phenomena theoretically from the time-independent
views. The interaction representation and the
s-matrix formalism in quantum field theory are
dealt with separately in the time-dependent formal
scattering theory* It is written in such a manner that
it is accessible to those with, a limited knowledge of
formalism. The discussion is presented on a general
basis and is not concerned with special cases.

242» CALCULATIONS OF INELASTIC NEUTRON CROSS
SECTIONS FOR EVEN-EVEN NUCLEI, A=46-i00
Jackiw, R.W., Rothman, M.A., Van Patters D«M«
Bartol Research Foimdation, Technical Report,
Sept, 61, TID-14206

Theoretical inelastic neutron scattering cross sections
have been calculated using the method of Hauser and
Feshbach for thirty even-even nuclei ranging from
Ti to Mo s and for selected neutron energies
within the ran<ge of 0,8 to 3» 3 MeV* For a few
cases, transmission coefficients obtained from three
different diffuse surface complex potential wells have
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been used. Calculations have been made for all nuclei listed
using the potential parameters given by Beyster et al, and
for many of them using the potential parameters given by
Emmerich. For many of the nuclear levels considered,
several different values of spin have been included^
particularly for those states whose spins are not presently
well established.

243. ON THE GENERAL THEORY OF COLLISIONS FOR PARTICLES
WITH SPIN
Jacob, M.j Wick* G.C.
Ann. Physa3 Vol. 7, (1959), No. 4, pp. 404-428

The general analysis of binary reactions involving particles
with arbitary spin is reformulated in such a way, it applies
equally well to relativistic particles (including photons). This
is achieved by using longitudinal spin components (Jthelicity
states") not only in the initial and. final statesa but also in the
angular momentum states which are employed as usual to
reduce the s-matrix to a simpler form. Expressions for the
scattering and reaction-amplitude» intensity and polarization
are given. They involve fewer vector-accition coefficients
than the customary formulasa and no recoupling coefficients.
The application to some examples is sketched, and in the
Appendix some formulas are given that may be used in the
applications.,

244. ON THE INELASTIC SCATTERING BY DEFORMED NUCLEI
Jankovidj Z«
II Nuovo CimentOj Organo Delle Societå Italiana Di Fisica,
Vol. XVII, No, 3, LAgosto I960* pp. 281-187

A more general treatment of the nuclear inelastic scattering
on even-even target nuclei is given particularly by
introducing other collective target states besides
rotational ones, the deformed diffuse nuclear and spin-orbit
potentials and the Coulomb potential for the deformed
target nucleus. In the first order approximation explicit
expressions for the differential cross-section (18) and
for the total ceoss-section (19) for the transition 0-2
are deduced»

245. NUCLEAR CROSS SECTIONS FOR THE SCATTERING OF
NEUTRONS AND PROTONS
Jastrow, R. , Harris» I»
Nucl. Phys* 9 (1958/59) pp* 437-445

Cross sections and polarization effects are calculated for the
scattering of neutrons and protons by Al, Fe, and Pbe The
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calculations are based on an optical model with rounded
profile and spin orbit couplings and are carried out in
WKB approximation above 3 00 MeV and by exact compu-
tation of the phase shifts at lower energies. The nuclear
radii determined from the high energy data are smaller
than those reported in earlier studies of nuclear cross
sections, and are close to the radii determined by the
analysis of electron scatterings at high energies» The
radius obtained from the 300 MeV analysis also yields
good results for the scattering of neutrons by Zr at
7 MeV. At all energies polarization data arc found to
be essential for the determination of the parameters
of the model.

246. SCATTERING OF 4.4-MeV NEUTRONS BY IRON AND
CARBON
Jennings, B. , Alexeff, I. (Westinghouse Research
Lab.)
Phys. Rev., Vol. 98, No. 3, May 1, 1955, pp. 582-585

The results of photographic measurements of the neutron
spectrum from the scattering at 90° of 4«4-MeV neutrons
by iron have been combined with measurements of the
energies of de-excitation gamma rays from the same
process, as reported in the preceding paper» to give
values for the energy levels excited in Fe-5 » The
(dcr/d £2)QQO for the various processes have been
estimated from the areas under the peaks in the
histogram. The energy levels and corresponding
(dtr/d£2;o0o for F e g a r e ; elastic 0.076 + 0o 02 barn/
steradj inelastic 0.85 + 0.02 MeV, 0.036"+ 0*010
barn/steradj 2.05 + 0»"Ö36 MeV, 0.021 + 07007 barn/
steradj 2.58 + 0.0"5"4 MeV, 0.012 + 0»0Ö"6 barn/sterad,
2.90 MeV. 0.D20+_ 0.013 barn/sterad. Similar
measurements on carbon resulted in a (dcr/d£2)gQO for
the elastic process of 0,061 + 0»016 barn/sterad»

247. RESEARCH IN FAST NEUTRON SCATTERING AND
OTHER FIELDS
Jennings, B . , Weddell, J .B . , Hellens, R. L«
Phys. Rev., 95_s No. 2, 636(A) 1954

Inelastic scattering of 4»3 MeV neutrons by Fe „

248. THE ANGULAR CORRELATION IN THE REACTION

Be9(n,2n)Be8 WITH 14-MeV NEUTRONS
Jeremie, H.
Compt.rend., 252; 403-4 (Jan. 16, 1961)

9 8
In the reaction Be (n,2n)Be , the two neutrons leaving are
emitted toward the front in a preferential fashion*
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249. LEGENDR.E EXPANSION COEFFICIENTS FOR THE ANGULAR
DISTRIBUTION OF ELASTICALLY SCATTERED NEUTRONS
AND FAST-NEUTRON CROSS SECTIONS FOR DEUTERIUM,
BERYLLIUM» CARBON, OXYGEN, ZIRCONIUM, LEAD,
AND BISMUTH
Joanou, G.D., Gpodjohrij A.J . , Wikner, N.F.
GA-2156 (1961) 4)

Contains fast neutron data prepared as tables in the energy
region 0» i MeV to 14,0 MeV,

250. INELASTIC SCATTERING OF NUCLEONS BY LIGHT
NUCLEI
Kajikawa, R., "Watari, W.
Progr. Theor. Phys», Vol. 18, 2, pp. 103-20 (1957)

Inelastic scattering of nucleons by light nuclei is analyzed
by adopting the direct interaction model» The interaction
between an incident nucleon and the target nucleus is taken
into account by using the distorted wave method» As the
interaction which causes inelastic excitation of the target
nucleus the two-body interaction between the incident
nucleon and the nucleons which are most closely bound
to the target nucleus is assumed, Ca.lculations are made
for C1^ and Mg^4 nuclei as examples. It is shown that the results
are very sensitive to the parameters that are involved in
the calculation.

251. FAST NEUTRON CROSS SECTIONS OF THORIUM-232,
PROTACTINIUM-233, URANIUM-233, BERYLLIUM»
SODIUM AND IRON
KaloSj N.H., Troubetzkoy, E«S.
NDA-2134-2, Sept. 1, I960» 30p

233 232
The work was performed as part of the U - Th fast
breeder reactor feasibility study. All cross sections required
for neutron diffusion calculations were considered. These
included total, fission, capture, (n«2n), elastic, and inelastic
scatter» Fe data same as ref. 448.

14
252. EXCITED STATES IN N FROM THE ELASTIC SCATTERING

OF PROTONS BY C13

Kashy, E.» Perry, R.R. , Steele, R. L. , Rissers J.R.
(Rice Univ. 5 Houston, Tex»)
Phys.Rev, , Vol. 122, No. 3, May i,• 1961, pp. 884-890

1) Data for D, Be, C, O, Zr by the same authors in
Nucl.Sc. Eng., Vol.13, p. 471, 1962.
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14
Excited states in N have been observed by measuring
the differential elastic scattering cross section of

13 13
C (p»p)C for proton energies from 2.6 to 5«0 MeV.
Resonances were observed at proton energies of
2.743, 2.87, 3.105, 3.20, 3.78, 3.980, 4.04, and
4.14 MeV, corresponding to excited states in N at
10.092, 10.21, 10.428. 10.52, 11.05, 11.240, 11,30,
and 11.39 MeV, respectively. Single-level dispersion
theory analysis indicates assignments J sr a I* (2 },

— 4- •* -4- M •-* -4-

1 , 2 , 1 , 1 , 3 , 2 , and 1 , respectively, for
fcLese states. Analysis of previously published

13 13
C (p»p)C data of lower energies confirms the
assignments 1 , 0 , 0 , 3 , and 1 for the states
at 8.05, 8.61, 8.75* 8.90, and 8,98 MeV. A resonance
at 4.265 MeV corresponding to the known narrow state
at ll»504 MeV was not found in the elastic scattering
data although it was found to be strong in C (p»p'')C «

253. ELASTIC AND INELASTIC NEUTRON CROSS SECTIONS
Kavanagh, D« L., Mandeville» C«E. ('Curtiss-Wright
Corp. Research Div», Quehanna, Penna»)
CWR-4040, June 1958, p. 160

This is a summary report prepared from a series of
detailed cross-section reports. The following sectiafts
are included: inelastic scattering of neutrons by *
and Al j elastic angular distributions and cross
sections for Fe and Alj neutron inelastic cross
section calculation for Pb^"' and Pb^08| energy
distributions of neutrons inelastically scattered
by Pb} and neutrons scattering by ^^°

254. PROP- A COMPUTER PROGRAM FOR CALCULATIONS
USING THE OPTICAL MODEL OF THE NUCLEUS
Kennedy, J.M.
AECL-1373, OcU 1961

This report describes a program for performing optical-
model calculations using a Woods-Saxon potential on
the Burroughs 205 (Datatron) computer.
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255. DIFFERENTIAL CROSS SECTION FOR ELASTIC SCATTERING
OF 3.7-MeV NEUTRONS FROM GERMANIUM AND SELENIUM
Kent» D.W.* Puri, S-P.., Snowdon, S.C.
Bull. Am. Phys. Soc , Vol» 4, Ser. II, Jan. 273

1959* p. 32

The measurement to be presented, together with our recent
measurements on S» Fe, Cos Ni, Cus and Zn demonstrate the
existence of a resonance structure in the nonelastic cross
sections as a function of A» corresponding to the observed
resonance structure of total elastic cross sections» The
nonelastic cross sections obtained for germanium and
selenium are t»99 4- 0.10 and 2e37 + 0B18 barns,
respectively. Detailed pulse height "analys is with a i 00-
channel analyzer has been used to provide a more selective
discriminator against Y rays and inelastically scattered
neutrons s

256, DIFFERENTIAL AND TOTAL CROSS SECTIONS FOR FAST
NEUTRONS ON MEDIUM WEIGHT NUCLEI
Kent, D.W., Puri, S.P., Bucher, W.P., Snowdon, S.C.
(Bartol Research Foundation)
Bull. Am. Phys. Soc , Ser« II, Vol. 5S pp. 369-370,
June 15j I960

The total cross sections for fast neutrons incident on twelve
elements in the middle atonaic weight region have been
measured» using d-d neutrons with a mean energy of
3.7-MeV and a 400~kev energy spread. Combining the
results with our previous measurements, at this energy,
variation of the total and nonelastic cross sections as a
function of atomic weight is obtained in the region
A - 32 to A = 130 for comparison with optical model
predictions. In addition measurements have been made of
the differential cross section for elastic scattering from
calcium in the angular range 0 = 1 0° to 0 = 160°^ yielding
a value of 3,03 + 0,21 barns for the integrated elastic
scattering cross section. The method in all measurements
includes differential pulse-height analysis using an organic
crystal sufficiently small to permit adequate discrimination
against "Y rays.

257. INTERACTION OF 3,7-MeV NEUTRONS WITH MEDIUM
WEIGHT NUCLEI
Kent, D.W,, Puri, S.P. , Snowdon, S.C., Bucher, W.P.
Phys. Rev,, 125, No. i, Jan» i, 1962, pp. 331-335

A beam, of 3,7-MeV neutrons having an energy spread of
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400 kev has been used to measure the differential cross
sections of calcium, potassium, germanium, selenium,
and strontium» Nonelastic cross sections are obtained by
subtracing integrated elastic cross sections from the
total cross sections. In additions measurements of the
transmission for ten additional elements have been
made at this energy as part of a comparison weight
nuclei.

258. NEUTRON STRENGTH FUNCTIONS IN A SURFACE
ABSORPTION OPTICAL MODEL
Khanna, F .C . , Tang, Y.C. (Florida State Univ.)
Nucl. Phys. , Vol. 15, I960, pp. 337-341

The effect of a surface-peaked imaginary optical potential
on the s-wave neutron strength functions is investigated»
Analyses have been carried out with both a local
potential and a non-local potential of the form used
recently by Green and Wyatt in an effort to unify the
scattering and bound state problems» The results indicate
that with a surface-peaked imaginary potential, the
deep valley between the giant resonances(90<A<130)
may be fairly well accounted for.

259. COMPARISON OF EXPERIMENTAL AND THEORETICAL
VALUES OF NEUTRON CROSS SECTIONS AT 14 MEV
Khurana, C*S.* Hans,. H.S.
Proc. of the Symp. in Low Energy Nuclear
Physics 5 (196,i)also published in Nuclear Physics 28
(1961) No. 4, p. 560

Systematic measurements have been made of the (n, p),
(n,2n), and (n*. a) reactions. Attempts have been made
to compare these results on the basis of the statistical
theory of the compound nucleus and to assign
discrepancies due to direct interaction* Various level
density formulae are discussed.

2 60. NEUTRON INELASTIC SCATTERING
Kiehn, R.M.» Goodman, C.
Phys. Rev., Vol. 95, No. 4, Aug. 15, 1954, pp. 989-992

Neutron inelastic scattering cross sections of Fes Al,
Cr, Ni* Pb, and Bi have been measured with 20-kev
resolution for neutron energies between 0 and 2,7 MeV.
A gamma-ray spectrometer measured the monoenergetic
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gamma rays emitted by the excited nucleus. The cross sections
are in agreement with predictions based on the Hauser-Feshbach
theory. The energies of the first few excited states of the stable
nuclei were found to be in good agreement with values obtained
by other means.

261. FAST NEUTRON INELASTIC SCATTERING
Kiehn, R.M. (Lab. for Nucl. Sci« and Eng. » Mass,
Insl» of Tech., Cambridge)
AD-31 773 Doctoral thesis. 15 Dec. 53, p. I l l incl. ill.
30 refs. (Techn.Rep. No. 64)

262, NUCLEAR REACTIONS, LEVELS, AND SPECTRA OF
HEAVY NUCLEI
Kinsey, B.B1.
Handbuch der Physik, Vol. XL, Nucl. Reactions I , , 1957

263. THE TOTAL CROSS-SECTION FOR INELASTIC INTERACTIONS
OF 14 MeV NEUTRONS IN NATURAL URANIUM
Kirkbride, J . , Page, D.I.
AERE-NP/R-2086

The multiplication and transmission of neutrons by spherical
shells of natural uranium surrounding a point source of
14-MeV neutrons were measured, A value of the total
inelastic cross-section was calculated, and the quantity
cr , ., v + 2cr / - 2 \ + ( * ' - l ) c r , - £ r was derived,(n,2n) (n, 3n) v ' f c

See also ref. 264."

264. TWO SUPPLEMENTS TO REPORT A.E .R .E . NP/R 2086,
I. A REDETERMTNATION OF THE TOTAL INELASTIC
CROSS SECTION OF NATURAL URANIUM FOR 14 MeV
NEUTRONS.
II. A DETERMINATION OF THE TOTAL INELASTIC CROSS
SECTIONS OF NATURAL URANIUM FOR NEUTRONS OF
ENERGIES FROM 4 TO 14 MeV.
Kirkbrides J.
AERE-NP/R-2086 (SuppU 1 and 2)

Corrections for thick shell effects reduced the calculated
total inelastic cross section cr £ to 2.75 + 0.04 barns for.
14-MeV neutrons. The cross sections for~4- to 14-MeV
neutrons were estimated as follows: cr - = 2.76 + 0.15
barns at 5 to 14 MeV and decreases to ~ 2B3 barns at
3 to 5 MeV.
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265. DIRECT ENTERACTION IN REACTIONS WITH EMISSION
' OF TWO NUCLEONS

Komarov, V.V.» and Popova, A.M.» (Moscow)
Soviet Physics Jetps Vol. 36, No. ij July 1959*
pp. 1118-1122

In collisions of a nucleon having an energy larger than
10 Mev with a nucleus, a direct interaction of the
incident nucleon with one of the nucleons of the nucleus
is possible, which leads to the emission of both nucleons.
This process was found exper i mentally * e,g», in
reactions (nt2n), (p*p'n) and others.

266. POSSIBILITY OF APPLICATION OF THE (n*2n)
REACTION IN NUCLEAR SPECTROSCOPY
Komarov, V»V., Kurepin, A.B.j and Popovas A.M.
(Moscow)
Soviet Physics Jetp, Vol. 11, No. 6, December^
I960, pp. 1312-1315

The (n, 2n) reaction is treated as a stripping reaction»
The angular distribution of the center of mass of two
neutrons simultaneously emitted as a result of direct
interaction is computed. It is found that it is importan
to take into account the interaction between the emitted
neutrons in the final state. As an example, the angular
distributions are calculated for the reactions Be9
(n,2n)Be8 and Pb208(n, 2n)Pb207 corresponding to the
2.9- and 1«63-Mev levels of the final nuclei» It is
shown that it should be possible to elucidate the
mechanism of the (n, 2n) reaction and determine
the characteristics of the nuclear energy levels by
investigating the angular dependences in the spectra
of neutrons emitted from targets irradiated with
neutrons»

267. ANP PROGRAM NUMBER 535, BERYLLIUM (n,2n)
ENERGY TRANSFER CROSS SECTIONS
Kostigen, T.J.
TID-U554, 1960

The program was specifically intended for Be but applies
as well to other similar nuclei. The cross-sections are
presented as 0-th and i~st Legendre-moment, group-
averaged transfer cross-sections. The calculations
involve explicit nuclear parameters such as atomic
mass, threshold energy and a description of various
modes of decay.



The fraction of neutron emitted or scattered from an incident
energy, E* ? to energy groups, Ns are calculated by means
of several subroutines»

A listing of the input data is included for illustration»

268, NEUTRON CROSS SECTIONS IN BERYLLIUM-9
Kostigen, T.J.
DC-59-3-25, 1959

9
This report is a compilation of the present knowledge of Be
cross sections for neutrons in the energy range from about
one-half to 14 MeV. Perhaps most notable is the amount
of data on the differential elastic scattering cross section
that has been collected. Measured data on the (n} Zn)
reaction is scanty. As a consequence, certain calculations
have been made in an attempt to predict the energy distribution
of the outcoming neutrons from this reaction since this
appears to be an important question in reactor design work.
In addition to the cross sections themselves the derived
quantities, average loss in the logarithm of the energy
and average cosine of the laboratory scattering angle in
elastic scattering collisions, have been computed by
making use of the differential scattering information» The
results show a considerable variation of these quantities
with neutron energy.

269. THE EJECTION CROSS-SECTION FOR 2,9-MeV FAST
NEUTRONS
Kukhtevich, V.I«* Spitsyn, B.I.j Tsypin, S. G*
Atomnaya Energ.', Vol. 5* pp. 565-6 (1958)

The ejection cross sections of Al, B, C, Cu, Fe# Nbs Ni,
and Pb at neutron energies of E - 2«9 .'. 0» i MeV were .

i f\ O '••••

measured with a B enriched counter. The table showing
the ejection cross sections and the minimum distances from
the detector at which the cross sections were established
is included.

270. INELASTIC NEUTRON SCATTERING IN IRON
Lafferty, D.L., Rayburn» L.A., Hahn, T«M. (Univ, of
Kentucky, Lexington)
Phys.Rev., Vol. 96, p. 381 (1954) Oct. 15

The "Y spectrum from the inelastic scattering of d-d neutrons
in iron has been obtained xxsing an unshielded single-crystal
Nal spectrometer. A ring-type geometry permitted
subtraction of the background rate from the total rates
this yields a complex spectrum attributed to the inelastic
scattering in iron. Energies have been assigned to the
peaks of the complex spectrum indicating gamma rays of
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2.66, 2.10, i.76, 1.59» 1.42, 1.24, 0.989, 0.851,
0.634, and 0,462 MeV,

271. SELECTED NUCLEAR DATA FOR MONTE CARLO
CALCULATIONS
Lamarsh, J.R.^ Lieberman, A.I.* Vassellj M»O.
NP-8216, 1958

°V ^el* ^in* ""abs* f̂* <rn2na L e g e n d r e expansion
coefficients (f.-f»), inverted partial integrals of

angular distributions of elastically scattered neutrons
1 O ? ^ »

for H, B, B , C, N* O, Al, Fe, Ba, Pb, U , U
from 14, in some cases 10 MeV to 0«015 eV«

272. NEUTRON SCATTERING AT 2tt2 MeV BY TT.ME-OF-
F LIGHT
Landon, H.H., Elwyn, A.J . , Glasoes G. N. » Oleksa* S,
Phys.Rev., Vol. 112, pp. 1192-1200 (1958) Nov. 15

A millimicrosecond time-of-flight technique was applied
to a study o£ the scattering of 2.2~MeV neutrons from
targets of Fe, Pb 0 6 , and Y. The 3-MeV phase-focused
proton beam from the BNL 18-inch cycloton was used
to produce high-intensity neutron pulses in the
T(p, n)He^ reaction. The angular distributions of the
elastically scattered neutrons have been measured for
the above targets. The angular distributions of the
inelastically scattered neutrons from the 0.845-MeV
level in Fe^6 and from the 0.803-MeV level in Pb 2 0 6

were carefully studied and found to be symmetric about
$c.m. - 90°,, The angular distributions of the
inelastically scattered neutrons from levels at ie34
and 1.43 MeV in Pb 2 0 6 and from levels at 0,913 and
1.53 MeV in Y were measured and also appear to be
symmetric about ©c .-^ = 90°. The inelastic
scattering from Pb^uo shows evidence for a new
level at 1.15 MeV.

273. FAST NEUTRON CAPTURE BELOW 1 MeV: THE CROSS

SECTIONS FOR 2 3 8U AND 232Th
Lane, A.M», Lynno
Proc. of the Phys, Soc, Ser. A, Vol. 70 (1957)
pp. 557-570

*? "K Ä

Recent measurements of neutron capture in U and
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232
Th with neutron energies up to 1 MeV reveal anomalies

in the capture cross sectioxis« We have attempted to fit
these cross sections in terms of conventional compound
nucleus theory» using the existing low energy resonance
data to provide numerical values of the widths and other
parameters. If one assumes some definite dependence
of level density on energy» there are no free parameters
left in the fitting. We have used the level density formula
of Lang and Le Couteiirj and find good absolute fits with
the observed capture cross sections» It emerges in the
fitting that the anomalies are a consequence of the small
rate of increase of the number of inelastic scattering
channels with energy» This small rate is a result of
the rotational nature of the low-lying spectra of

U and "The Formula for inelastic scattering
given as an appendix»

274, R-MATRXX THEORY OF NUCLEAR REACTIONS
LJ.ne, A.M., Thomas» R.G«
Rev. of Mod o Phys., Vol, 30s No» 2, Pa r t i ,
April 1958, pp. 257-353

General Discussion of the R-matrix Theory» Nuclear
Configuration Spa.ce and Forna of the Wave Functions,
Elastic Scattering of Spinless Particles by a Central
Potential, The R-Matrix in the General (Many-Channel)
Case» The Collision Matrix U» Relation between the
R Matrix and the Collision Matrix, Relations between
the Cross Sections and the Elements of the Collision
Matrix» Further Development of the Relation between
the U and R Matrices: Eigenvalue Expansions for U«
Channel Elimination Method of Techmann and Wigner»
The R Matrix Theory Applied to Treatment of Average
Cross Sections. R Matrix Theory Applied to Treatment
of Isolated Levels, Specral Topics» Coioumb Wave Functions
and Neutron Wave Functions»

275. THE ANGULAR DISTRIBUTIONS OF NEUTRONS SCATTERED
FROM VARIOUS NUCLEI
Lane» R«O.» Langsdorf, A«S«, Monahan, J9E«S Elwyn, AeJ«
Annals of Phys., Vol» 12* pp* 135-171 (1961)

The angular distributions of neutrons scattered from
Li6 (96°/o}j Li (normal), Be, G, Si* Ca, Cu, Sn, Pb»
And U ° have been measured for incident energies in
the range from 50 kev to 2300 kev. In these measurements
the energy .spread of the incident neutron beam was
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sufficiently large to average out most of the pronounced
fluctuations due to individual scattering resonances» In
addition, a series of angular distributions of neirtrons
scattered at resonances were measured for the

zero-spin nuclei C * O * Si» and S* as well for the
i 7

isotopes Li and Li « The results are presented in terms
of the least-square values of the coefficients in a
Legendre-polynomial expansion of the differential
scattering cross section relative to the laboratory
system of coordinates» The various corrections
which have been made in order that these data represent
a microscopic cross section are discussed.

276. NEW TERM IN THE NUCLEAR OPTICAL POTENTIAL:
IMPLICATIONS FOR (p, n) MIRROR STATE REACTIONS
Lanej A.M.
Phys. Rev. Letters» 8: 171-2 (Feb. 15, 1962)

It is shown that the nuclear optical potential depends on
isotopic spin» If t, T are the isotopic spins of incident
nucleon and target nucleus of mass As the dependence
has the form V = Vo + A"1 (t*. "T^l * where VQ and Vi
are independent of isotopic spin but depend in general
on position and momentum. The term in (t • T) appears
straightforwardly in a calculation of V taken as a sum
of two-body forces with Heisenberg components and
averaged over a Fermi gas. Practical consequences
are discussed»

277. STATISTICS OF NUCLEAR LEVELS
Lang, J.M.B.f Le Couteur, K»J*
The Proc. of the Phys. Soc* Vol. 67* 1954, Sec. A,
pp. 586-600

All the available axperimental evidence relating to the
statistical distribution of sense nuclear levels is
collected together and analysed» The simplest adequate
nuclear equation of state is

U = i j - AtZ - t + ^ A2- /3t7/3 MeV

which leads to

DQ= 0 11 A2(U+ t)2 exp - 2 J ( T 5 T ) 1 / 2 + ^ ( 1 1 U)2''3j-Mev
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for the spacing of levels of zero angular momentum. The
signification of these formulae is discussed»

An appendix refines the theoretical level density formula
for a Fermi gas with, a fixed number of particles! this
analysis incidentally yields a slightly .more accurate form
of the simple Hardy-Rarnanujan asymtotic formula for the
number of partitions of a positive integer»

278. PAIRING ENERGY EFFECTS IN EXCITED NUCLEI
Lang, D.W., LeCouteur, K«J«
Nucl» Phys«8 Vol» 14, 1959/60., pp, 21 »32

The nucleus is considered as a Fermi gas with pairs of
degenerate single particle states and a coupling energy
A between the two states of a pair» A statistical treatment
gives expressions for the density of excited states and the
expected value of the total angular momentum» Suitable
approximations for purpose of calculation are indicated*
All the formulae become equivalent to those of a simple
Fermi gas at high enough excitations»

279. ANGULAR DISTRIBUTIONS OF SCATTERING OF MODERATE
ENERGY
Langsdorfj Jr. A,, Lane, R,O.
Phys.Rev., Vol. 99* July i , 1955, p. 621

Measurements of the angular distributions of the scattering
of 0. 1 - 1« 5 - MeV neutrons by various nuclei have been
made at five laboratory angles 22°, 54°, 92°s 112° and
114° with neutrons from the Li (p,n)Be' reaction: Five
detectorss one at each angles count simultaneously each
with an efficiency of over 15 percent and a resolution of
1° to 5°. Detection is accomplished with oil-imrnersed
BF3 counters» and the response with energy in. this range
is flat to better than 10 percent when calibrated with a
long counters No discrimination is made between elastic and
inelastic scattering* These data were obtained with an energy
resolution of 50-100 kev« Though corrections for multiple
scattering have not been made, they are minimized by the use
of scatterers of at least 90 percent transmission» Differential
scattering cross sections are calculated from integration
of the angular distribution for carbon and its known smoothly
varying cross section in this range. Scattering cross
sections obtained in a similar manner for the various elements
measured are in good agreement with prior published values.
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280. ANGULAR DISTRIBUTIONS OF SCATTERED NEUTRONS
Langsdorfj A.s Lane, R.O.» Monahans J«E»
Phys.Rev., 107, No, 4, Aug. 15, 1957S 1077-87

The angular distribution of neutrons scattered from 36
elements and one compound has been measured over
the energy interval 60 kev to 1800 kev» The results are
presented in terms of the coefficients of a Legendre-
Polynomial expansion of the differential scattering cross
section in the laboratory coordinate systems All of the
data have been corrected for attenuation of the primary
beam and a representative part of the data has been
corrected for multiple scattering and for the finite
angular resolution of the experimental equipment.
The analytical results of the multiple (essentially,
double) scattering correction are given in an appendix.

281. THE NEUTRON YIELD FROM INELASTIC COLLISIONS
BETWEEN NUCLEI AND 14-MeV NEUTRONS AND THE
CROSS SECTIONS OF THE (n,2n) REACTIONS
Lebedev, P . P . , Zysin» Ya. A,» Klintsov» Iu0S«s

Stsiborskii, B»D.
Atomnaya Energ*, Vol. 5, pp. 522-5 (195 8)
(J.Nucl. Energy, Part A: Reactor Sci., 1959» Volo 11,
pp. 39-42)

The yield of neutrons from neutron inelastic interactions
with the natural isotopic compositions of Bis Cd, Cxi.» Fe,
Hg> Mo, Pbj Sbj Snj. and U 'vas measured, Measurements
were made by determing the relative changes in total
neutron flux and the attenuation of primary neutrons after
their passage through the specimens. The magnitudes
obtained for cross sections <r ^n in inelastic interactions
with nuclei of the above materials and the known
magnitudes for neutron capture cross sections were
used in calculations of the average (according to the
isotropic content) cross sections for (ns2n) reactions»

282. • NUCLEAR DEFORMATION IN THE SPHEROIDAL
SHELL MODEL
Lee» K. * Inglis, D.R«
Phys. Rev., Vol. 120, No. 4, Nov. 15, I960,
pp. 1298-1302

In the usual shell-model procedures the effective
Hamiltonian contains only half the sum of the shell-
model potentials of nucleons in order to avoid counting
average pairwise interactions twice» Because of the
factor one~halfs the non-diagonal elements of this
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Hamiltonian in the harmonic oscillator representation do not
vanish, but they have been neglected in previous calculations
of nuclear deformation by Nilsson and otherss in which one
minimizes total shell-model energy at constant volume, It
is here; shown in typical cases (without taking spin-orbit
coupling into account) that the equilibrium deformation is
unaltered in second and third order and that the fourth-
order modification arising from the nondiagonal elements
is very small. The i*elation of these nondiagonal elements
to those of the pairwise interactions is also discussed»

283. SCATTERING OF HIGH-ENERGY NUCLEONS BY A
NONLOCAL POTENTIAL
Lcramcr, R.H.j Tangj, Y.C. t Frahn* W«E.
Phys.Rcv., Vol. 118, (I960), No. 1, pp. 269-27.0

The scattering of high-energy nucleons by a simple nonlocal
potential is examine in the Born approximation. It is shown
that an energy dependent local potential is not fully equivalent
to a nonlocal potential» The latter potential introduces an
additional angular dependence in the differential cross section
which seems to be particularly significant in the backward
directions.

284. DIRECT INTERACTION THEORY OF INELASTIC SCATTERING
PART I
Levinson,. C.A., Banerjee, Tvi.K.
Annals of Physics, 2_* 471-98 (1957) Nov.

In this paper the direct interaction theory of inelastic scattering
of nucleons on nuclei is developed. The method of distorted
waves is required since the plane wave approximation for
the projectile is not sufficient for a detailed analysis of
these processes. Several interesting selection rules are
derived and comparison of these rules with experiments
are presented. In particular, it is shown how information
about level spins in nuclei can be derived from inelastic
scattering experiments.

285. INELASTIC SCATTERING AT LOW ENERGIES
Lcvinson, C.A, (Princeton Univ»)
Proceedings of the international conference on the nuclear
optical model, 1959, pp. 104-105, Florida

Discussion of the various theoretical attempts to explain
inelastic scattering of nucleons on nuclei*
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286. DIRECT INTERACTIONS IN INELASTIC SCATTERING
Levinsonj C«A«
Nucl» Spectroscopy» Part B* Ed, by F« Ajzenberg-
Selove» Academic Press I960

Theoretical Considerations»
(i) Distorted Born Approximation

) Plane Wave Born Approximation
Coupled Equations
Adiabatic Approximation
The Semiclassical Approach

Inelastic Scattering Calculations.
(1) Distorted Born Approximation
(2) Coupled Equations
(3) The Adiabatic Approximation

Experiments with Resolved Final States»
Statistical Model versus Direct Interaction.

287. STUDIES OF GAMMA RAYS FROM NEUTRON INELASTIC
SCATTERING
Lind, D.A.* Day, R8B.
Ann. of Phys. , Vol» 12, No. 3S March .1961
pp« 485-532

Measurements of the gamma rays excited by neutron
inelastic scattering i n B " j Na3 Sis K$ Scs Zr, In, 1?
Ta, Au? Tl» and Pb^"" have been carried out by use
of the conventional ring scatterer geometry within a.
neutron energy range from 0.2 MeV to 3«5 MeV»
Excitation functions in terms of absolute cross sections
are presented for the prominent gamma rays in the
spectra of all the elements studied except Sc and Tl«
Statistical model calculations are presented which
give reasonably good agreement with the experiments
on Pb^Oo provided the penetrabilities are calculated
using parameters obtained from an analysis of
elastic scattering data specifically for Ph^O", The
analysis shows that the imaginary part of the. optical
potential is abnormally low for Pb^06 compared to
that for neighboring nuclei at comparable energies»

The agreement in magnitude and. shape between the
experimental a.nd calculated excitation functions
can be improved if the imaginary part of the
potential is permitted to increase with neutron channel
energy»

288. NEUTRON CROSS SECTIONS
Longley* H« J»
LA-2016 (1956)

do" ,
cr . « cr . ,» cr -i» (r » -3-T-s— from complex squarem tot el tr d u A
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well calculations and experiments for 36 elements at energies
20 MeV to 1 MeV.

289» INE.LASTIC-INTERACTION CROSS-SECTIONS FOR
FISSION-SPECTRUM NEUTRONS
Lovchikova, N. , Sal 1iikovs O.A.
Atomnaya Energia 5 no 11, Nov. 1961

The calculation deals with Na, K» Sr, Bas Mo» Nb, and Fe»
(n,p), (n»a) and (n, 2n) reactions are treated»

290. ELASTIC AND INELASTIC SCATTERING OF NEUTRONS
BY Al 2 7

Lubitz, C.R», Goldman, D« T.
TID-12550 (I960) 4 p.

Hauser-Feshbach calculation of cross sections for excitation
of 0*84, 1.01, 2,23, 2,73, 2.98, 3.00, 3.68, 3.95 MeV
levels at 2» 5 and 4.4 MeV incident neutron energy. Comparison
with experiments by Day'-) and Cranberg and Levin2)» (The
optical model parameters used were determined in a previous
study by fitting the total and differential cross sections of
7 and 14 MeV neutrons scattered from Mg . The calculated
data are presented tabularly.)

1) Phys.Rev. 102, p9 767 (1956)
2) Phys.Rev. fE?% p. 343 (1956)

291. ELASTIC AND INELASTIC SCATTERING OF NEUTRONS
BY Al 2 7

Lubitz, C.R. , and Goldmans D. T.
Bull. Am. Phys. Soc» 6* p. 295 (1961)

Calculations similar to those of the preceding abstract have
been carried out for Al 2 ' . 'With optical potential parameters
that fit the elastic scattering and total cross sections at
various energies, it is possible to fit the 4.4 MeV (njn ')
data of Weddell2 for the 0.84, l .Oi , 2 .21 , 2.98 and 3.00
Mev levels, using the spin assignments suggested by the
rotational collective model.-1 The only discrepancy is a
predicted strong excitation of the (assumed) 5/2 + level
at 2.73 Mev, contrary to the low experimental cross
section. This may represent a class of transitions
(j. = j ) for which the statistical theory (Hauser-Feshbach)
characteristically overestimates transitions rates s probably
due to its neglect of all quantum numbers (selection rules)
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but spin and parity»

1 Goldman. D« T* (preceding abstract in Bull, Am,
Pbys» Soc.)

2 Weddell, J .B. Phys. Rev. 104, i 069 (1956)

3 Almqvist, Bromley^ Gove and Litherlands Nuclear
Phys. 19, 1 (I960)

292. OPTICAL MODEL OF THE NUCLEUS
, A..V., Or lov, Yu«V», Turovtsev, V«Vt

A study is made of the shape of the potential for the
nuclear optical model with surface absorption» For a
polynomial potential, we choose a set of parameters
which gives a good description of the experimental
data on scattering of 14 Mev neutrons« A comparison
is made of various potentials.

293. THE NEUTRON CROSS SECTIONS OF NITROGEN
Lustig, H«s Goldstein» H», Kaloss M«H«
NDA-86-1 (June 1957)

Cross Sections for inelastic neutron excitation of the
2,31-, 3«,95-3 4,91~s arid 5.10-MeV levels in nitrogen
for neutron energies from 3.0 to 6» 0 MeV»

294. RESONANCE REACTIONS WITH GENERALIZED
ONE-LEVEL APPROXIMATION
Lustig# H.
Nuclear Physics* Vol» 17, (i960), No. Z3 pp« 317-328

A formalism is developed for the analysis of nuclear
reactions which involve partially overlapping resonance
levels. The Wigner R matrix, for each value of the
total angular momentum and of the parity* is divided
into a single-level matrix and an energy-dependent
background matrix» The collision matrix* in the form
defined by Blatt and Biedenharn, may then be expressed$

for an N~channel reaction, in terms of the N partial
widths of the tagged level, N "potential" phase shifts^
and the 1/2N(N + i) -parameters of the unitary and
symmetric background matrix» By invoking the unitary
and symmetry of the collision matrix its elf j the number
of independent parameters in the background matrix is
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then reduced to 1/2N (N - 1). An explicit recipe is given for the
construction of the collision matrix, and is illustrated for
N = 2 and N = 3. In this formalism, the separation between
the strongly energy-dependent single-level part and the
contributions from the background matrix is preserved
throughout: the formalism will thus be practically useful
when the latter varies slowly with energy in the region
of the tagged resonance» The further simplifications which
occur when the background matrix is diagonal, or nearly
diagonal, are discussed»

295. GAMMA RAYS FROM INELASTIC NEUTRON SCATTERING
IN Ge, Se, AND Mo
Malik, S.S.» Mandeville, C«E.S Nath, N., Rothman, M.A.,
and Van Patter, D.M.
Bull, of the Am. Phys. Soc« 4, p. 259 (1959)

As part of a survey of even Z nuclei» deexcitation of energy
levels in Ge, Se* and Mo have been studied by inelastic
neutron scattering for neutron energies from 1 • 0 to 2,7Mev.
Results obtained concerning the assignments of the Y rays to levels
in particular isotopes will be discussed» The Y -ray energies
in Mev (accuracy 1-2%) are summarized here. Number in
parenthesis indicate somewhat uncertain assignments,
Ge™: 1.04j Gc72: 0.84, (0.90), i.48j Ge74; 0.60s 1.22,
2.24j Ge''6: 0.55; Ge: 1.12, 1.36, 1.73, 1.99. Se76: 0.57,,
1.22} Se / 8 : 0.62, 1.31, (1.98)i Se80: 0.66, 0.80, i.05*
le46j Se: 0,90, 1.13, 1.78. The experimentally observed
ratio for the relative cross sections of the cascade to the
cross-over transition for the i.46-Mev second level in
Se*^ was found to be 1.3 + 0.4. Results obtained in the
study of Mo will also be presented,

1 Van Patter, Rothman, Nath. Malik, and Mandeville»
Bull. Am. Phys. Soc, Ser. II, 4, 32 (1958).

296. SPIN DETERMINATIONS FROM THE (n,n') REACTION
FOR EVEN-EVEN NUCLEI, A=70-100
Malik, S.S., and Van Patter, D.M.
Bull. Am. Phys. Soc.s 5, 266 (I960)

Hauser-Feshbach calculations for the (n, n**) reaction have
been performed for fifteen of the even-even isotopes of Ge,
Se, Zr, and Mo for En=2«67 MeV, using the transmission
coefficients calculated by Emmerich. * The theoretical
cross sections so obtained have been compared with the
results of a (n, n "V ) survay for these elements. For second
excited states, the predicted difference in cross sections
makes it possible to distinguish between spins of 2+ and 4+.
An attempt has been made to extend these calculations to



- 107 -

higher excited states» However, the experimental (n, n^Y)
spectra are complicated because of the presence of
several isotopes and interfering effects from V -ray-
cascades. Therefore» the results of such a comparison
do not, in general, distinguish between spin possibilities
of 2+ and 4+ for higher states. Possible spin evaluations
based on this method will be discussed for some of the
nuclei under consideration»

1 W.S. Emmerich, Westinghouse Research Rept.
60-94511-6-R19 (April, 1958)

2 S.S. Malik, C»E» Mandeville, N. Nath, M*A. Rothman,
and D.M. Van Patter, Bull. Am, Phys. Soc. Ser II,
4, 259 (1959)

297. INELASTIC SCATTERING OF FAST NEUTRONS BYFe56,
0.5MeV < E < 5.0 MeV

Mandeville, C.E.
CWR 444 (1956)

Neutron Groups Resulting from Scattering, Elastic and
Inelastic, of Neutrons of Various Energies in ^

298. INELASTIC SCATTERING OF FAST NEUTRONS BY
5.0 MeV < E < 10.0 MeV— n —
Mandeville, C.Eo
CWR 459 (1957)

Relations of the Statistical Model.

Calculation of the Energy Distributions of the Inelastically
Scattered Neutrons 5 MeV < Eo < 10 MeV.

299. ENERGY DISTRIBUTIONS OF FAST NEUTRONS
INELASTICALLY SCATTERED FROM ALUMINUM
Mandeville, C.E.
CWR 400-6 (1957)

Calculation of Energy Limits of Neutrons Elastically
Scattered by Al2 7 .

Calculation of Energy Limits of Neutrons Inelastically
Scattered by Al .
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300. ENERGY DISTRIBUTIONS OF NEUTRONS SCATTERED
FROM LEAD
Mandeville, C.E.* Kavanagh, D.L.
CWR-400-4 (1958)

Calculation of Energy Limits of Neutrons Elastically
Scattered by Lead.

Calculation of Energy Limits of Neutrons Inelastically
Scattered by Pb 2 0 6 .

Calculation of Energy Limits of Neutrons Inelastically
Scattered by Pb 2 0 7 .

Calculation of Energy Limits of Neutrons Inelastically
Scattered by Pb208»

Calculation of the Energy Distributions of Neutrons
Inelastically Scattered by Naturally Occurring Lead»
5.5 MeV < En < 10 MeV.

Graphic Representations of the Energy Distributions of
Neutrons Scattered by Lead, 0.5 MeV < E < 5.0 MeV,

TOO

301. THE SCATTERING OF NEUTRONS BY U
Mandeville, C.E., Kavanagh, D.L.
CWR-4028 (1958)

Calculation of the Energy Limits of Neutrons Elastically
Scattered by U2 3 8 .

Calculation of the Energy Limits of Neutron Groups Resulting
from Inelastic Scattering of Neutrons by U , 0.55 MeV
<_ E < 1.89 MeV.

Energy Distributions of Neutrons Inelastically Scattered by
U238 , 2.5 MeV < E < 6. 0 MeV.

The Reaction U238 (n, 2n)U237.

302. NEUTRON CROSS-SECTIONS IN ALUMINIUM
Mani, G.S., McCallum, G. J . , Ferguson» A. T.G.
Nucl. Phys., Vol. 19 (I960) pp. 535-549

The (n, p) and (n, a) cross-sections in aluminium have been
measured for neutron energies from 12 to 2i MeV.| the
cross-section for the (n, 2n) reaction leading to the 228 kev
isomeric state in Al ° has been determined from the threshold to
21 MeV. The relative cross-sections in the above mentioned
neutron enei-gy ranges have been determined by measuring
the gamma ray activity associated with the beta decay of the
residual nucleus, the absolute cross-sections have been
obtained by normalizing to the valies measured by other
workers at 14 MeV. These results are compared with
the statistical theory of nuclear reactions.
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303. NEUTRON CAPTURE CROSS SECTIONS
Margolis, B.
Phys.Rev.» Vol. 88* No. 2, Oct. 15, 1952, pp. 327-331

Cross section formulas for neutron capture are developed
by means of statistical tl.eory, for intermediate and heavy
weight nuclei for energies of the order of i kev to a few
MeV. The formulas do not exhibit resonancess but are
rather averages over resonances in the energy region
where these exist» The case is treated where the residual
nucleus levels are well separated^ although the method
is applicable in principle where these levels form a
virtual continuum* The processes with capture in the
energy range considered are elastic and inelastic
scattering» The energy dependence of radiation widths
is estimated. The ratio of energy level spacing to
radiation width at the dissociation energy of a neutron
enters as a parameter in the cross-section formulas»
This ratio is chosen to make experiment and theory
agree as well a possible» Taking the spacing of levels
of a given spin and parity at the dissociation energy
of a neutron to be 25 ev$ the values of the radiation
widths are found to be, 0.08 ev for Ag1 0 8 and In116»
0.10 ev for Ag1 1 0 , and 0.20 ev for 1 ^

304» ELASTIC AND NONELASTIC NEUTRON CROSS SECTIONS
FOR BERYLLIUM
Marion» J»B«» (Los Alamos Sci. Lab.* N» Mex, and
Univ. of Marylands College Park)
Levin» J .S . , Cranberg, L. (Los Alamos Sci» Lab« * N. M»)
Phys. Rev., Vol. i 14, pp* 1584-9 (1959), June 15»

A time-of-flight technique was used to measure angular
distributions for the elastic scattering of neutrons from
beryllium in the energy range from 2» 6 to 6» 0 MeV.
Total neutron cross sections were also measured and
the following nonelastic (total minus ela.stic) cross
sections obtained; 2,60 MeV (0,27 -f 0.13 barn),
3.50 (0.43 +_ 0«10),4.l0 (0.51 -f O.0B)} 5. 00 (0.60 + 0«,08}s

and 6.00 (0.73 + 0.07), Differential cross sections were
also obtained for the inelastic neutrons leaving Be'
in the 2.'*3-MeV excited state. Integration of these angular
distributions yielded the following inelastic cross
sections: 3.50 MeV (0.23 + 0.04 barn), 4.10
(0.25+^0.04), ajid 5» 00 (Ö~. 34 +_ 0.05). A continuous
spectrum of neutrons was observed which corresponds to
the direct (n, 2n) reaction and/or the excitationa of the
Be ' "level" at 1.7 MeV. This continuum was found
to have an angular distribution roughlv symmetric
about 90°. The 2,43-MeV state of Be^ was found
to decay by neutron emission to the ground state
of Be8 with branching ratio of 12 + 5%.
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305» NUCLEAR SCATTERING
Mather, K.B.
Univ. Press» 1958

Nuclear Scattering in relation to Nuclear Forces,
Theoretical Concepts and Experimental Methods»
Charged-particle Scattering Techniques,
Neutron Scattering Techniques.
Determination of Beam Energy»
Low Energy Neutron-proton Scattering»
Low Energy Proton-proton Scattering.
Scattering of Neutrons and Protons by very Light Nuclei.
Non-central Froces and Spin-orbit Coupling»
High Energy Neutron-proton and Proton-proton Scattering,
High Energy Scattering of Neutrons, Protons and
Deuterons by Light Nuclei»
Nuclear Models and Resonance Scattering.
Maximum cross-section values and shadow scattering.
Resonance and potential scattering.
The schematic or continuum model.
The optical model»
Scattering on the optical model.
Scattering in the resonance region in the gross
structure approximation.
The statistical model for High energy collisions-
recoil events.
Differential cross-sections for neutron scattering
and energy transfer.
Decay of the compound nucleus according to the
evaporation model*
The absorption and scattering cross-section of
neutrons»

306» ELASTIC SCATTERING OF 3.7-MeV NEUTRONS FROM
S, Fc, Co, Ni, Cuj AND Zn
Machwe, M. K. j Kent J r t , D.W., Snowdon» S.C.
Phys. Rev., Vol. 114, No. 6, June 15, 1959*
pp. 1563-1570

The differential cross section for the elastic scattering
of 3,7-MeV neutrons from sulfur, iron, cobalt, nickels
copper, and zinc has been measured in a ring geometry
using a modified Bonner-type scintillation detector. The
measurements were taken over an angular range between
10° and 160°. Angular resolution effects have been
removed by a suitable iterative procedure. Multiple-
scattering effects have been removed by an approximate
analytical treatment»
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307. ON THE THEORY OF INELASTIC SCATTERING
Medina,, F«, a nd Estrada,. L»
Bull» Am, Phys» Soc, 6, po 367 (1961)

The* inelastic scattering process is discussed using
a two-channel model based on Feshbach "s unified
theory of nuclear reactions. The exact solution
is obtained assuming square wells for all "coupling
potentials o " The resonant process in analyzed and
compared with the corresponding one obtained from
Moshinsky "s description of nuclear reactions by
boundary conditions» Finally, the meaning of the
coupling between the entrance and exit channels is
discussede

308. ON THE STATISTICAL PROPERTIES OF THE
LEVEL-SPACINGS IN NUCLEAR SPECTRA
Mehta* M* L»
CEA no 1671, i960

The level-spacing distribution is studied under the
random-matrix hypothesis* Rigorous lower and
upper bounds for the distribution function of the
level«spacing are given» Comparison of these
with Wigner "s surmise shows that it is a very
good approximation» It is shown, however, that
it cannot be exact even in the limiting case n •-> oo

309. A FORTRAN PROGRAM FOR ELASTIC SCATTERING
ANALYSES WITH THE NUCLEAR OPTICAL MODEL
Melkanoffj. MaA«4 Saxon» D«S.» Nodvik, J.S»*
Cantor, D,G»
Univ» of Calif, Press 1961

Program SCAT 4 calculates in the center-of-mass
system the differential elastic scattering cross
sections <r(9^ the polarization P(9)* and the
total reaction cross section <r-r> for particles of
spin 0 or \/Z having any mass3 charge and (non-
relativistic) energy scattered by spinless nuclei
of any mas? and charge for various sets of
diffuse surface optical model parameters» The
incident and target particles are assumed to
interact through a, two-body potential consisting
of a complex nuclear potential which includes
spin-orbit interaction and whose shape can be
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specified by input parameters. When the incident particle is
charged, the two body potential contains* in addition, the
coulomb potential between an incident point charge and
an extended, constant charge density target. The calculations
include numerical integrations of the radial Schroedinger
equations for the effective partial waves» The complex phase
shifts are obtained as usual by matching the logarithmic
derivatives of the numerically obtained nuclear wave functions
to that of the coulomb (or spherical Bes sel) functions» The
phase shifts are then used to compute polarizations and cross
sections which may be compared to the experimental values
by means of the X2 test«

310. INTERACTION BETWEEN 14.1 MeV NEUTRONS AND Li6

AND Li7

Michajl^na, K.M.» Nomojilov, A.A.» Romanova, T.A.j
Sviridov» V.A.» Tichomirov, F.A. , Tolstovj KfD.
Neitronaja Fisika Gosatomisdat 1961

Among others, the following reactions are treated

IA (njn')Li , Li (n, 2n) Li , Li (n, n1 ) Li

311. ANALYSIS OF NEUTRON INTERACTION WITH He4, C12»

AND O i 6 NUCLEI USING AN OPTICAL NUCLEAR MODEL
Mikhlin, i£,Ya., Stavinskii, V.S.
Sov» J. of Atomic Energy, Vol.8, No» 2, May 1961»
pp. 127-130

Analysis of elastic scattering» Results quoted of < cos 6 >
and t in energy region 0«41 - 14 MeV.

(see Kernenergie, 3,Jg.j Heft 8/60, pp. 789-791)

312, STUDY OF Y RAYS PRODUCED BY THE INELASTIC
SCATTERING OF FAST NEUTRONS
Milman» B. , Amsel* G>; Loyau, M-C.j (Lab» de Phys»
de I "Ecole Normale Superifeure» Paris)
J. phys. radium, Vol. 20, pp. 51-9 (1959) Jan.

The Y -ray spectra resulting from the (n»n"') reaction were
investigated for the nuclei Fe, Al27 , F 1 ^ , Mn55, Cu, Co59,
P^ , and As ' ^ , for a primary neutron energy of 2,7 MeV«
The observed transitions allow the level schemes of these
nuclei to be completed»
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313, ON THE ESTIMATION OF FAST NEUTRON CROSS
SECTIONS
Moldauer., P . A.
ANL-6122., pp. 67-76 of Proc. of the Conf. on the
Phys, of Breeding, Oct. 19-21, 1959

The problem of estimating inelastic fast neutron cross
sections for neutron energies between a few hundred
ev and several MeV and target nuclei which are not
too light and not too magic is discussed» Previously
published data on resonance parameters such as
average level densities, width averages and fluctuations,
and level spacings are reviewed.

314. THEORY OF AVERAGE NUCLEAR REACTION CROSS
SECTIONS
Moldauer, P.A. (Argonne Nat» Lab»)
Bull. Am. Phys. Soc» 6, p. 66 (1961)

In the past explicit formulas for average nuclear reaction
cross sections have been derived under the assumption
that the average channel widths < F > are very small
compared to the average level spacing D. This assumption
often breaks down for neutron channels at optical model
maxima even at kilovolt energies. It is shown that the
average compound nucleus cross section for entrance
channel s and exit channel t with total angular momentum

J is given by it gj <& ? /? >(l+higher order terms),

where the average value of the resonance parameter

% » 2<rF D. is related to the optical model trans-
s s 3 , 2

mission factor T by T = <X >-l/4< % > , This
s ' s s ' s

latter relation is shown to be valid if the reduced width
amplitudes have random signs and if <%S»Z, Since..
< %s> approaches the value two as Tg approaches unity»
the effect is to enhance strength function peaks compared
to transmission factor peaks. The higher order terms,
in the continuum region, ,4may approach (2s) <%g+% >
but can be taken into account there by applying theThomas correction factor to <Fg> and <I\>« The
effect of these considerations on neutron capture and
on compound elastic and inelastic scattering cross
sections is discussed.

315. NEUTRON STRENGTH FUNCTIONS. BASED ON AN
OPTICAL MODEL OF THE NUCLEUS CONSISTINGS
OF A SPHERICAL COMPLEX POTENTIAL WELL
WITH DIFFUSE SURFACE AND SPIN-ORBIT FORCE
Moldauer, P.A.
ANL-6323, Mar. 1961
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Results of computations are presented for the neutron
strength functions (Sn) which refer to the orbital angular
momentum (1)} the laboratory energy of the neutrc-n (E )
and the total angular momentum (J)» n

316 CALCULATION OF FAST NEUTRON REACTION CROSS
SECTIONS.
Moldauert P.A« (Vienna)
Paper presented at IAEA Seminar on the Phys« of Fast
and Intermediate Reactor s9 Vienna. August 1961»

The radiaoctive capture and inelastic scattering cross
sections in reactor materials of neutrons having energies
between one Kev and several MeV are of great importance
in the analysis and design of fast reactors» Recent im-
provements in the theoretical description of such processes
and the evaluation of the necessary nuclear parameters»
have made it possible to obtain reliable estimates of their
cross sections. This is demonstrated by comparisons of
calculated cross sections with all available recent measu»
regents. Calculations for unmeasured cross sections of
interest are presented. Where appropriate» changes in
recently p.hlished cross section sets are indicated» In-
elastic cross sections are surveyed fpr U » U^^^* Pu ' .

317, GAMMA-RAYS FROM THE INELASTIC SCATTERING OF
FAST NEUTRONS FROM Al27.
Montague» J»H»
NRDC 135 EANDC/U.K./iO"ut! Progr. Report to the U* K
Nucl.Reactor Data Committee» May 1961S Ed. by A«I«G«
Ferguson,

The de«excitation Gamma-Ray spectrum resulting from the
inelastic scattering of fast neutrons on Al27 has been measured
at neutron bombarding energies of up to 2» 7 MeV« The gamma-
rays were detected with a Nal(Tl) scintillation spectrometer,
using the ring-geometry techniques» The data are at present
being analysed and it is hoped to obtain excitation functions
for the gamma transitions from the first three excited states
of Al27, at 0.84, 1,01 and 2.20 MeV respectively.

318. CROSS SECTIONS FOR THE PRODUCTION OF GAMMA-RAYS
BY THE INELASTIC SCATTERING OF NEUTRONS FROM
IRON.
Montague, .7,H. and Paul, E.B.
Nuclear Physics, volume 30, no.l8 February 1962, pp 93-109
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The cross sections for the production of gamma-rays by
inelastic neutron scattering from iron hav? been measured
for incident neutron energies up to 3«8 MeV« The gamma-rays
observed had energies of 0.84 MeV, i«26 MeV, i »41 MeV,
1.81 MeV, 2.10 MeV, 2.26 MeVs 2,6 MeV, 3*0 MeV and
3,3 MeV» The results are compared with - evious measurements'

319« NUCLEAR REACTION CROSS-SECTION THEORY
Moore{ jr«, R«G»
Rev, of Mod» Phys. , Vol. 32» Noa 1, jan.,1960, pp,10i-H6.

Survey of methods for calculating compound nucleus formation
cross-sections and branching ratios,

320. INELASTIC SCATTERING OF NEUTRONS»
Morgan9 I» L» (Univ» of Tex«, Austin)»
Phys.Rev,, Vol, 103, pp. 1031-4(1956} aug. 15,

Inelastic scattering of fast neutrons in Al, Na, Ss Fe, Cu,
I, and Cd has been detected by observing the gamma radia-
tion from the excited states. The cross sections for gamma-
ray production at energies well above threshold in Fe and
Al are measiired« The gamma-ray energies observed , s-r

correspond to known levels^ transitions between levels, or •
de-excitation from neutron captures

321» CALCULATION OF NEUTRON CAPTURE CROSS SECTIONS.
Mossin-Kotrn, C», Margoliss Be;? Troubetzkoy, E»S«
Phys.Rev,, Vol« 116, No 4, Nov. 15, 1959» pp 937-38.

Neutron capture cross-sections are calculated for a number
of target nuclei using the statistical theory of nuclear reac-
tions,' These calculations are compared with experiment.
The different shapes of these capture cross sections as a
function of energy are explained in terms of the effect of
higher incident neutron partial waves and the competition
from inelastic scattering* Using the measured capture sec-
tions it is seen that considerable information can be extracted
concerning properties of the target and compound nuclei»
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322. NEUTRON SCATTERING FROM IRON AND CARBON BY
TIME -OF-FLIGHT*
Muehlhause, C.O»S Bloom.. S«D.} V/egner$ H«EO, Glasoe,
G.N. (Brookhaven Nat» Lab., Upton, N,Y«)
Phys. Rev., Vol. 103, ppa 720-6 (1956) Aug* 1.

A fixed-frequency cyclotron in conjunction with mjx sec
time-of-flight techniques has been used to study elastic
and inelastic neutron scattering from Fe and C in the MeV
range. The elastic angular distribution from Fe exhibits
an optical diffraction type pattern^ and the inelastic an-
gular distribution proves to be primarily isotropic except
for a slight asymmetry around 90 degrees, The elastic
angular distribution from C is in essential agreement with
previous work.

323.. ANGULAR DISTRIBUTION IN INELASTIC SCATTERING OF
FAST NEUTRONS.
Naggiar, V», Phillips, G.S»S Roclawski-Conjeaud, M»>
Szteinsznaider, D.
Compt. rendu, Vol, 245, ppo 668-70 (1957) Aug. 5,

By a neutron-gamma coincidence technique* the asymmetry
with respect to 90° was measured for inelastic scattering of
neutrons by Fe 5 6 at 1.5» 1.58, and 1.66 MeV and by I 1 2 '
at 1. 15 MeV. The asymmetry observed in the case of I " '
is too weak to constitute the proof of a process of direct
interaction.

324, INELASTIC SCATTERING OF NEUTRONS AT LOW ENERGIES.
Naggiar, V.
J.Phys. et le Radium, Vol. 21, May 19609 p 384.

Here are some experimental results that we have obtained at
Saclay Mrs. M. Conjeaud, Miss D. Szteinsznaider and my-
self. We have measured the angular distributions of the ine-
lastic scattered neutrons on ^°Fe3 *<^I and 209Bi connecteds

with the first excited level of the residual nucleus<,

We discriminate the neutrons corresponding to this level by
their coincidence with the y from disexcitation of this level.
We eliminate the eventual cascades from the higher levels
by setting a bias high enough on the neutron detector»

We have found that at 3<>2 MeV the angular distribution of the
neutrons inelastically scattered by iron (level at 850 kev) •
is isotropic at -f 10 % and by bismuth (level at 900 kev) it is
isotropic at -f fö %.
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We have measured also the asymmetry about 90 of the
angular distribution of neutrons inelastically scattered by
iodine (level at 60 kev). We have found that up to 6» 5 MeV
of incident neutrons the number of neutrons scattered at
30 is the same as at 150° with 20 % approximation.

To conclude, we have not detected any direct interaction
in the inelastic scattering of neutrons at low energy»

325, ELASTIC SCATTERING OF 14-MeV NEUTRONS FROM
BERYLLIUM AND CARBON.
Nakada, M.P. , Anderson, J .D f , Gardners C.C., Wong,
C. (Univ.Calif» Radiation Lab. , livermore, Calif,),
Phys, Rev., Vol. 110, No. 6, June 15, 1958,
pp. 1439-1441.

The angular* distributions of elastically scattered 14-MeV
(nominal energy) neutrons have been measured for beryllium
and carbon from 20° to 140°. Ring geometry, time-of-flight
techniques, and relatively low detector biases were used,
A comparison with optical-model calculations by Björklund
and Fernbach indicates that the parameters that fit the medium
and heavy elements do not yield satisfactory fits for beryllium
and carbon.

326. ENERGY LEVELS OF Nb BY INELASTIC NEUTRON
SCATTERING.
Nath, N. j Rothman, M.A., Van Patter, D,M,, and Mandeville,
C.E.
Bull» of the Am.Phys.Soc. 3_» P» 3 6 4 (1958)

1 2 93
Previous reports * have listed a number of levels in Nb ,
found by observing the gamma rays following inelastic
neutron scattering» Accurate analysis of the gamma ray
spectra has now indicated the presence of a new level at
0.81 Mev. The gamma ray from this level is partially ob-
scured by the more prominent 0« 741-Mev gamma ray. The
level energies at present are: 0« 029* 0e74i-0o005, 0,81 +
0.005, 0.958 + 0,005» 0.958 + 0.005, 1.08 + 0,01, (i» 17},
1 .28+0.015,1 .34+0,02, 1748+0.015, 17&6+ 0.02, and
1.92 +_ 0.03 Mev. Transitions from the 0a741- and 0.958-Mev
levels go directly to the ground state*
1 Nath, Van Patter, Rothman, and Mandeville,

Bull. Am. Phys, Soc. Ser. H_3, 165 (1958)

2 Boley, Thorndike, and. Moffet, Physe Rev» 110, 915
(1958)
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327. INELASTIC NEUTRON SCATTERING IN Mn .
Nath, N.j Rothman, M.A., Van Patter, D.M,, Mandeville,
C.E.
Nucl. Phys.j Vol, 13, (1959), pp. 74-87.

Gamma rays excited by inelastic neutron scattering in Mn
have been studied. Coincidence methods have been used to
observe those gamma rays which cascade through the 127
kev first excited state. Branching ratios have been measured
for four levels, as well as the cross sections for excitation
of each level. Theoretical calculations of the cross section,
using a diffuse-edge potential well, give good agreement with
the experiment, if appropriate spin values are assigned to
each level •

328. GAMMA RAYS FROM INELASTIC NEUTRON SCATTERING IN
Ti, Cr, Fe, Ni, and Zn
Nath, N., Malik, S.S., Rothman, M«A«, andVnn Patter,
•" tM.
Bull, of the Am, Phys. Soc. A_t p. 258-259 (1959)

Gamma-ray spectra have been observed from ring scatterers
of Ti, Cr, Fe, Ni, and Zn for E =1,45 to 2.7 Mev, Gamma
rays of the following energies inMev (accuracy 1 to 2 %)
have been assigned to specific isotopes from a knowledge of
their approximate thresholds and energy level schemes:

Ak 4ft 4Q so
Ti 0.89; Ti 0.99, U32, 1.48} Ti 1.37^ Ti 1.58.
Cr5°0.78} Cr520.948 1.43} Cr530.56, 1.01, 1.29}

Ci U C.L CO

Cr 0.84, Fe 1.41} Fe 0.845, 1.24, Ni 1.45$

Ni6°0.82, 0.97, 1,33, 2.15. Zn64* 6 6 j 68(all composite
groups) 0,82, 1,01, 1.30, 1.85. Measurements of the yields
of the y rays from the first two levels of eight of the even-
even nuclei studied lead to estimates of the ratio of the
(n, n } cross sections for the first two levels of these nuclei.
This study indicates that the measurement of this ratio
near threshold makes it possible to distinguish between
2+ for the second elvel of Zn"^» 66, 68C xhe 7-ray branch-
ing ratios measured for the second levels of Ni and Zn"»
66, 68 a r e in disagreement with some of the recent results
from radiactive decay studies.

1 Van Patter, Rothman, Nat, Malik and Mandeville
Bull. Am. Phys* Soc. Ser. II, 4 , 32 (1958)

2 Levine, Frauenfelder, and Rossi. CPhysik 151» 241
(1958)} D.J. Horen.
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329. INELASTIC NEUTRON SCATTERING IN Nb .
Nathj N*j Rothman» M.A., Van Patter, D.M., Mandeville,
C.E.
Nucl.Phys., Vol. 14S 1959/60, pp. 78-96,

Study of gamma ray spectra following inelastic neutron scatte-
ring ,Ln Nb ' ^ has been made at bombarding energies ranging
from 0e8i to 2,, 25 MeV, Measurement of thresholds for the
gamma rays and the garni., a-gamma coincidence spectra lias
enabled us to work out a leveL scheme for Nb « The energies
of the two levels previously reported have been revised to
0*741 and 0<>958 MeV» In addition levels have been i cm rid at
0,809;* 1.08, 1,28, i .34, 1.48, 1.67 and 1.92 MeV. In
all, fourteen gamma-ray transitions have been detected and
the possibility of a few more is indicated» in suitable cases,
branching ratios have been calculated» Gamma ray production
cross-sections have also been tabulated. Theoretical calcula-
tions of the cross sections for the first five levels, using a
diffuse-edge potential well» give fairly good agreement with
the experiment» Probable spin assignments for the second to
fifth excited states have been discussed»

330, TIME-OF-FLIGHT MEASUREMENTS ON THE INELASTIC
SCATTERING OF 14,8-MeV NEUTRONS.
O'Neill, O.K.
Phys.Rev. , Voi» 95, No. 5, Sept. i, 1954, pp#1235-1245.

Measurements have been made of the energy spectra of
neutrons inelastically scattered i rom 14» 8 MeV into the
interval 0.5-4 MeV. 100-kev deuterons were extracted from
a cyclotron and allowed to strike a target of tritium absorbed
in zirconium» The resulting reaction T"5 (d, n) He^ (17«7 MeV
in the cenier-of-mass system) yielded a 14«8-MeV neutron
counter within the vacuum system, subtending a solid angle
of 4 Ä / 100 at the target, detected recoil alpha particles
with w100 percent efficiency, delivering a fast signal when-
ever a neutron started one path within a cone chosen to avoid
scattering material for a distance of several meters. With-
in the cone and close to the target a scattered neutrons emerged
from the scatterer with approximate isotropy, while few
elastically scattered neutrons were deflected through large
angles» A proton-recoil neutron counter placed at *+ 90° to
the cone axis was thus prevented from detecting almost all
und'esired neutrons» The distance from the scatlereJ" to
the counter was 50 to 100 centimeters, and neutron energies
were obtained from the measured flight times over this path
length, with the recoil alpha signal serving as a time zero.
The flight times, which were from 20 to 65 millimicroseconds,
were measured by a time analyzer having nine 4O7 x 10"'
second channels, recording directly on mechanical registers.
Experimentally,, neutron energies after scattering could be
approximated by number/unit energy =: E exp (-E/T) with
T., the ''nuclear temperature" in MeV obtained from the raw
data being: Pb, 0,75| Sn, 0.62} Cu, 0, 84j AI, 1.06} C,
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0«93, These results are in general agreement with photo-
graphic plate data* The experimentally observed angular
distributions were isotropic within the limits of error of
•" i 5 percent* Over~all limits of error of + i 5 percent in
the nuclear temperatures are assigned»

331, SHELL EFFECTS ON THE SPACING OF NUCLEAR LEVELS.
Newton, T.D.
Can.J. Of Phys.s Vol. 34, 1956, pp, 804-829.

Recent measurements cfresonances in slow neutron total
cross sections yield good estimates of the average level
spacing^ D, in medium and heavy nuclei» These spacings
show large variations, by factors of 10 to 10 ^ in the
region of magic numbers of nucleons» There are also vari-
ations by smaller factors between nuclei with even and odd
numbers of protons or neutrons. The evenodd effect is a
co-operative phen omenon: it can be approximately trea-
ted by redefining the ground state to be used for a Fermi gas
models After this correction the gas model should predict
D with reasonable accuracy since it is required only to de-
fine the density of a complete set of states. The magic number
variations are shown to be fitted by an improved approximation
to the single-nucleon level density» This is obtained from the
observed sequence of single-particle spins and the assumption
that the energy interval between spin subshells is constant.
Fifty-two observed, spacings are fitted by a two-parameter
formula with an average uncertainty factor 3» Many of the
larger remaining differences between observation and the
predictions of the model are qualitatively explicable as
expected departures from this uniform spacing hypothesis»

332. THRESHOLD PROPERTIES OF SCATTERING AND REACTION
CROSS SECTIONS,
Newton, R«G«
Phys.Rev., Vol, i 14, pp. i 6i t-18 (1959) June i 5.

The detailed behavior of elastic and inelastic scattering
cross sections as functions of the energy at the threshold
of a new reaction is derived from general principles» The
results lend themselves in certain cases to the experimental
determination of spins and parities of reaction products^ as
well as of not directly observable scattering amplitudes and
inelastic cross sections, A number of special cases are '
treated in detail.
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INELASTIC SCATTERING OF 14 MeV NEUTRONS ON Pb,
Hg AND U.
Niklaus» P.» Huber» P . , Wagner, Re

Helvetica Physica Ada, Vol. 34, Fasc. 5S pp* 520-41 (1961)

A (d31)-neutron source was pulsed lo measure the fligh-
time of scattered neutrons, A simple deflecting device
for ions of small velocities is dscreibod, that allows the
production of neutron bursts of 2 ns duration. The energy
distribution in the region between 1 and 4 M'", of 14» 5 Mev
neutrons scattered from nuiura] Pbs Pb^O" and Hg was investi-
gated* After corrections +or (ns 2n)~processes according to
LANG and LE COUTEUR the following nuclear temperatures
resulted; Pb 1.06 Mevj Pbz06 0,98 Mevj Hg 0e 8 Mev, The
energy spectrum of neutrons emitted by irradiated natural
U was also determined» This distribution deviates signifi-
cantly fvom that of the other elements investigated because
of the1 contribution of fission neutrons.

54. GAMMA RAYS FROM INELASTIC SCATTERING OF NEU-
TRONS BY Fe, Cu, Zn, Go AND Se«
Nishimura» K. (japan Atomic Energy Research Inst,s

Tokyo) <
J.Phys. Soc.Japan, Vol. 16, pp. 355-67 (Mar. 1961).

Gamma rays following inelastic scattering of 3» 11 to 4« 72 MeV
neutrons by Fe, Cu, Zn, Fe, and Se are measured using a
ring geometry arrangement. The excitation functions for
the following gamma rays are observed: 0e 844S 1,23*$ 1680*'J
2.11*, and 2.56* MeV in Fe 5 6 , 0.665, 0,965, and 1.33
Mev in Cu63, 0.760 and 1,11 MeV in Cu65

ä 0.810*, 0,995
and 1.81 MeV in Z,n64*66*68, 0* 590 MeV inGe 7 4 » 7 ^
0.830 MeV in Ge7'2, 1*01 MeV in Ge7*>, 0.560 MeV in
So76 , and 0,660 MeV inSe 7 6 » 7 8 » 8 0 , respectively. The
asterisk indicates the transition from the higher excited
to the 1st excited state. An aspect of de-excitation of higher
energy levels is also discussed by analyzing the ratio of
probabilities of de-excitation through or by passing the
Is1- excited state» as a function of the incident neutron
energy.

335. INELASTIC NEUTRON SCATTERING»
Nishimura, K t, Kikuchi» S« (Japan Atomic Energy Rese-
arch Inst,, Tokyo),
JAE1U-4016, pp, 94-100 (1961)
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Recent data on the inelastic scattering of neutrons with
subsequently observed photons are reviewed and tabula»
ted» The excitation curves of (n^n^y) reactions for
various nuclei are also collected* The nuclei were classi-
fied according to whether the reaction was in poor» goods

or excellent agreement with the tehoretical curves propo-
sed by Hauser and Feshbach. Only two nuclei, Bi " and
Mn j were in excellent agreement with the theory. An
attempt was made to apply the complex potential model to
inelastic scattering» The parameters defined by Beyster
for the optical model were chosen to obtain the best fit of
the observed elastic and total cross section* When the pa-
rameters were so chosen for Ag^"'} Ag ' a and Cds the
experimentally determined excitation function was consider-
ably lower than the theoretical values© Better agreement may
be obtained if the surface absorption model is employed.
The use of a smaller imaginary potential for the evenpari~
ty waves than for the odd-parity waves in the vicinity of
the mass number 100 is proposed.

336, A PUNCHED CARD LIBRARY OF NEUTRON CROSS SECTIONS
AND ITS USE IN THE MECHANIZED PREPARATION OF
GROUP CROSS SECTIONS FOR USE IN MONTE CARLO»
CARLSON SnAND OTHER MULTIGROUP NEUTRONICS
CALCULATIONS ON HIGH SPEED COMPUTERS.
Parker» K.
Paper presented at IAEA Seminar on the Physa of Fast and
Intermediate Reactors, Vienna Aug,

The AWRE Punched Card Library of Neutron Cross Sec-
tions is described together with associated IBM 7090
programmes which process this data to give group-averaged
cross sections for use in Monte Carlo, Carlson Sn and
other multigroup neutronics calculations *

The methods developed to deal with both isotropic and an-
isotropic elastic scattering are described» These iiiclude
the multigroup transport approximation and the full treat"
ment of anisotropic scattering using the Legendre polyno-
mial moments of the scattering transfer matrix*,

The principles of group constant formation are considered
and illustrated by describing systems of group constants
suitable for fast reactor calculations»

Practical problems such as the empirical adjustment of
group constants to reproduce integral results and the
collapsing of a many group set of constants to give a few
group set are discussed»
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For a detailed description of the library and associated
machine programmes the reader is referred to AWRE
Report 020/60 and AWRE Report 01/61 (in press). The
compilation of data for use in the library is illustrated
by AWRE Report 027/60 which gives recommended ne-
utron cross sections for beryllium»

337. INELASTIC SCATTERING OF FAST NEUTRONS BY
ATOMIC NUCLEI*
Pasechnik, M.V.
Geneva 1956, Vol. II, P/714.

Cross sections for inelastic scattering of 2,5» 3,3» 4,1
ans 14 MeV neutrons in 27 elements«

338. FAST NEUTRON SCATTERING AND CAPTURE BY
ATOMIC NUCLEI»
Pasechnik, M»V»j Barchuk, I»F»# Tot sky, I. A., Strizhak,
M.V., Korolev, A.M., Gofman, Y»V»3 Lovchikova, G.I.
P/2030 Ukrainia SSR, 1958,

References to inelastic scattering cross section measu-
rements at 3,6 MeV and 14 MeV initial neutron energy
(15 elements).

339* SURVEY OF INELASTIC NEUTRON SCATTERING FROM
EVEN-Z ELEMENTS.
Van Patter, D.M., Rothraan, M.A., Nath, N«» Malik,
S.S.» Mandeville, C.E.
Bull. Am. Phys, Socos Vol. 4, Ser, II, Jan» 27» I960,
p. 32.

A survey of •p'-ray spectra from inelastic neutron scattering
of some fourteen even~Z elements (Ti to Nd) is in progress
for several neutron energies from 1 to 2K7 MeV» The basic
objective is to obtain information concerning energy and spin
systematics for even-even nuclei with A = 46-1 50« Using
Hauser-Feshbach calculations, it is estimated for a second
2 + level should exceed that expected for a 4 + level by as
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much as a factor of five. For many of the nuclei studied
the relative intensities of the y rays observed from the
first two levels can be related to the ratio of the (n, n ' )
cross sections for these levels. In order to test if the
statistical assumption of the theory are approximately
satisfied in this experiments, several nuclei have been
studied for which the spin of the second level is known.
In addition, results have been obtained for several nuclei
for which the spin of the second level is unknown» This
survey has already revealed many new y rays, some
of which may be assigned to new levels in particular nuclei
by the study of y ~y coincidences.

340. SPIN DETERMINATIONS FROM THE (n, n ')REACTION
FOR EVEN-EVEN NUCLEI, A = 46-48,
Van Patter, D. M.
Bull.Am. Phys. Soc. 5, 76 (I960).

Hauser-Feshbach calculations for the (n, n ') reaction have
been carried out for Ti48 , Cr52 , Fe 5 6 , Ni58, Ni , and
Zn64,fo6,68 f o r Er,i:3Mev, using the diffuse surface poten-
tial of Emmerich. The theoretical cross sections were
compared to the results of a (n, n 'y) survey for these
nuclei,^ with the objective of examining the reliability of
spin determinations for the second and third levels by this
method. It is found that both the experimental cross sections
and cross-s.ection ratios {az/ci anc^ a3/&i) a r e systemati-
cally lower than the theoretical predictions, up to a factor
of two. The use of less absorption in this potential, parti-
cularly for E ^a 1 MeV, might well diminish these descre-
pancies. Nevertheless, it is still possible to differentiate
unambiguously between spin possibilities of 2 and 4 for
the second or third levels of these nuclei. From these
comparisons, the best choice of spin for the following
levels is found to be: Ti48 2.42 MeV (2)j Ni58 2.46 MeV
(4)i Ni60 2.29 MeV (0,1).

1 W.S, Emmerich, Westinghouse Research Report
60-94511-6-R19 (April, 1958)

2 Malik, Rothman, and Van Patter, Bull. Am. Phys.Soc.
Ser. II, 4, 258 (1959).
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341. POSSIBLE O+ STATES IN Zn64, Zn66, AND Zn68,
Van Patter, D«M., Nath, N., and Rothman, M«A.
Bull. Am. Phys. Soc, 5, 266 (I960),

Gamma-ray spectra from the Zn (n, n '7) reaction have
been observed for E =1.0-3.3 MeV. For E >218 MeV,
the spectra become complicated, with at least ten f
rays or composite groups. Comparison of experimental
cross sections with theory* indicate sP)n 2 for the
first two levels of, Zn64, Zn66 arid Zn } , (omitting the
possible 1.60-MeV state2 in Zn ). A composite 1.30-MeV

ay of

activity
^ results, 3, 4 n o groandstate transition was seen» The
observed excitation function is best fitted by assuming
spin zero for these statesj while this assignment is not
unique, spins 1, 2, or 3 seem to be unlikely. Evaluation
of present evidence including radioactivity suggest that
the level near 2.3 MeV in each isotope may have spin
Of, with the possible exception of Zn"°, Evidence was
also found for a level at about 2.8 MeV in each isotope»
These states ha\e been observed in the (p, p') reaction,
but not in radioactive decays. Gamma rays corresponding to
transitions to the ground state and first level were seen.

1. D.M. Van Patter, Bull. Am. Phys.Soc. Ser II, 5,
76 (1960).

2. B. Beurtey et al . , Nuclear Phys. J_i* 397 (1959).

3. A. Schwarzschild (private communication)

4. D,J. Horen, Phys. Rev. 113, 572 (1959).

342. THE Fe (n ,n ' r ) REACTION AND COMPARISON TO
THEORY.
Van Patter, D.M., Jackiw, R.W. (Bartol Research
Foundation of the Franklin Inst. Swartmore, Pa.)
Proc. of the Int. Conf« on Nucl. Struct,, Kingston,
I960, pp. 244-245.

The Fe (n,n 7) reaction has been investigated with the
objective of finding additional information on the excita-
tion of higher levels of Fe^6, which, together with pre-
vious results, could provide a detailed test for the vari-
ous diffuse surface potentials which have been used to
fit neutron cross section data»
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Experimental values not final, corrections for Li (p,n"*)
neutrons not applied in the paper» Error is less than 30 %
which it may approach near a level threshold» (informa-
tion kindly supplied by Dr. Van Patter)»

343, STUDIES RELATING TO SCATTERING OF NEUTRONS AND
ALLIED PHENOMENA.
Proposal for Renewal of Contract AT (30~i)~1679 for Period:
Jan» 1, 1961 - Dec* 31, 1961 and Annual Progress Report
for 1960.
Van Patter, D.M.
TID-6609, Sept. 14, 1960 p. 40.

Some (n^n^y) /-ray-production cross sections and inelastic-
neutron-scattering cross sections are given for even- and
odd~N nucleic Data were taken at 2,2 MeV using a ring geo-
metry to obtain the angular distribution of the 1,84-MeV f
arising from the Sr°° (n, n 'y ) reaction» Smooth fluctuations
from the general monotonic increase in total neutron cross
sections with atomic weight at a fixed neutron energy were
observed and were consistent with optical model predictions.

The elastic-scattering cross sections of calcium and strontium
were measured.

344, LEVELS OF Cr FROM THE (n,n"7) REACTION
Van Patter, D,M,
Bull. Arm Phys» Soc» 63 p. 47 (1961)*

An attempt has been made to use the (ns n '¥)reaction as a
nuclear spectrographic tool to study levels of Cr^^ par-
ticularly those at 2.65, 2*77* 2,96, and 3,16 MeV,1- for
which no information regarding spin assignments was availab~
le« Observations of ^ti^n^y) spectra from natural Cr at 6 s
100° have been extended to E = 3»3 MeV» As was fo\md in
the case of Fe^0» theoretical predictions using the diffuse
surface potential of Beyster et al, are in better agreement
with the observed cross section for the first 2+ level than
those using the potential of Emmerich» Similarly} the experi-
mental cross section for the first 4+ level is lower than pre-
dicted; however, no correction for (n,n''?'j angular distribu-
tions has been made. The following spin assignments give
best, agreement with theory: 2,65 MeV (0)j 2O77 MeV (Jg. 4)|
2,96 MeV (2)$ 3ai6 MeV (1,2,3). The results clearly indi-
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cate that the lowest lying state which can be the second
2+ level is the 2,96-MeV state, which decays primarily
by a cascade f ray of 1»53 i. 0.01 MeV (crossover/
cascade < 0.03) and which is strongly excited in the
( P * P ' ) reaction at Ep = 6.5 and 8 MeV.

1» Mazari, M., Buechner, W.W.S and Sperduto, A»
Phys, Rev. 107. 1383 (1957).

2. For a more complete discussion see D.M. Van Patter
and R.W. Jackiw, Proceedings of the int» Conf» on
Nuclear Structure, p. 244 (i960).

345. CROSS SECTION MEASUREMENTS OF REACTIONS
INDUCED BY NEUTRONS OF 14.5 MeV ENERGY
Paul, E .B . , and Clarke, R. L.
Can. J. of Physics 31, 267 (1953).

The activation cross sections were measured for 57 ele-
ments bombarded with 145 MeV neutrons from the T
(d, n) He4 reaction. Thirty-eight (n, p)« twenty-five (n, a),
and thirty-four (n, 2n) reactions resulting in known radio-
active products with half-lives between a few seconds and
a few days were observed. The counting arrangement was
calibrated using samples containing standardized quantities
of radioactive materials. The neutron monitor was cali-
brated by counting the a-particles from the T (d* n) He
reaction. Calculations were made of the cross sections pre-
dicted by evaporation theory and compared with the obser-
ved
values. For the charged particle reactions with mass num-
ber greater than 100 the theoretical cross sections were
too small. Values of ^obs/^cal a s high a s 10.000 were
obtained. However^ the predicted cross sections for the
(n,2n) reactions were in general agreement with the ob-
served values. A possible interpretation of these results is
discussed.
,..14 ..19 ^,35 ^39 AT.58 „ 63 _ 65 _ 64 _ 69(N , F , Cl , K , Ni , Cu t Cu , Zn , Ga ,
_71 _ 70 _ 76 . 7 5 a 82 _ 79 _ 81 ^ 9 0 %t 92
Ga , Ge 9 Ge »As , Se , Br , Br , Zr , Mo ,

>;r 100 _ 96 ,,,110 A 107 . 109 - 1 2 1 _123 _ 128
Mo , Ru , Pd , Ag , Ag , Sb , Sb , Te ,

l 1 6
_130 Tl27 _ 141 _ 154 ^,,160 „ 181 _198 . 197.)
Te , I , Pr , Sm , Gd , Ta , Pt , Au '
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346, PULSED VAN DE GRAAFF INSTALLATION.
Pauls E<,B*3 Ferguson, A.T.G. , Pilling^ F.D.» Waring, S.
NRDC i 35 EANDC/U.K»/ 10 "U" Progr» Report to the
U.K. Nuci» Research Data Committees May 1961 Ed» by
A <, T • G - F ergus on,

Experiments are planned to study elastic and inelastic
neutron scattering from Aiumixiiurrij Sodiums Iron and
Uranium "* in the energy range up to 6 MeVj and detec-
tor shields have been built and tested with neutrons from the
postacceleration pulsed 5 MeV Van de Graaff, A correspon-
ding programme of measurements of J~rays from inelastic
scattering is planned using time of.flight to distinguish f-
rays from scattered neutrons»

347* REACTION STUDIES WITH FAST NEUTRONS»
Peck* Jr«j R.A. Eubank, H.P« (Brown Univ., Providence»),
NYO-7862, Nov. 1, 1958, 32p,

Acquisition of a 20 channel analyzer has accelerated the
counter program and increased tritium target usage»
Local production of targets has becom urgentj preliminary
work has been carried as far as possible with-out specific
provision.! and this problem is one of the foremost for next
years Emulsion data reduction has been programmed for
IBM 650 now available» Scanning activity has ceased tempo-
rarily in indirect concequen.ce of the loss of two research
microscopes heretofore in active use. The resiilts of experi-
ments concluded this year include: analysis of response of
Csl to heavy charged particles: evidence against the simple
surface interaction model for the (n» p) process: two new
levels in M g " of somewhat anomalous charactery identifi-
cation of p-52 levels and correlation with (ds p) and (n$ 7}
reaction data and shell model transitions: survey of (n, p)
cross sections across proton number 50 with observation
of predicted discontinuity for 51 protonsj identification
of separate compound nucleus and direct contributions to
Sb (n, p) Snj gross structure in (d,p) reactions on Sn*-̂ 0 and
In ° correlated with the spherical shell model but weakened
(presumably) by collective distortion: 12s600 tracks being
processed for (n, p) spectra, near Z = 503 also relevant to
the gross structure problem.
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348, REACTION CROSS SECTIONS USING THE STATISTICAL
MODEL OF THE COMPOUND NUCLEUS:
Penny» S<»K«
ORNL-CF-59-9-il» i959,

Hauser-Feshbach theory extended to include competition
from reaction channels»

349. DIRECT INTERACTION INELASTIC SCATTERING OF
14-MeV NEUTRONS F RDM CARBON* OXYGEN, AND
LITHIUM,
Perey, F«G«JeS {Univ« de Montreal)
Bull,'Am.Phys.Soci, Ser* II» Vol. 5, p. 370, I960*

The inelastic differential cross section for the scattering of
14-MeV neutrons from the first levels of. C ct 0^^ and
Li^ have been measured and the results previously repotted»
In ail cases the angular distribution is not symmetrical about
90O. By use of a distorted wave Born approximation due to
Glendenningj the differential cross sections were calcula-
ted with a square Well complex optical potential. It was
possible to find a reasonable set of optical potential para-
meters which ga.ve a good agreement with the shape of the
experimental cross sections in all cases» The results of
the calculations will be presented»

350» INELASTIC SCATTERING OF 14-MeV NEUTRONS FROM
CARBON, OXYGEN* AND LITHIUM,
Perey, F*G. J», Lorrainj P. (Univ» de Montreal)»
Bull, Am. Phys. Soc,, Ser» II, p. 18 (i960)*

Angular distributions of elastically and inelastically
scattered neutrons from C1^» O # Li have been determined,
The measurements were made using an associated particle
time-of-flight spectrometer,, The d (Tsn) He'* reaction was
used, the deuterons being accelerated to an energy of L79 kev
by the University of Montreal Cockcroft Walton Accelerator*
Time to pulse height conversion was done and a i00 channel
kicksorter recorded the time-of-flight spectrum» The time
resolution obtained was nip. sec and enabled resolution of
the neutron scattered from the first levels of the light el<.3~
ments studied. In all cases, the inelastic differential cross
sections show large asymmetries indicating a direct inter»
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action mechanism for the excitation of the levels studied» Compa-
rison for the differential cross sections with the predictions
of Glendenning ' s theory of direct interaction will be made»

351. A NONLOCAL POTENTIAL MODEL FOR THE-SCAT TERING
OF NEUTRONS BY NUCLEI.
Perey, F.G.J.j, and Buck, B.
ORNL-3193 Neutron physics div. annual progress report
for period ending Sept» 1, 1961»pp 237-50.

We have shown that the simple nonlocal optical potential model is
able to give a unified account of a variety of experimental data
on neutron scattering at energies up to 24 MeV. The nuclei
considered range from aluminum to lead. However, it is fair-
ly certain that at energies above 50 MeV a volume absorption
term would be required. The most successful attempt at fit-
ting the neutron experimental data between 4.1 MeV and 14.5
MeV with a local optical potential is the work of Björklund and
Fernbach. We have purposely» in this energy range* selected
the same elements in order that the comparison between the
two models could be easily made» The fixed nonlocal model
gives as good a fit to the data as the energy-dependent local
model»

Comparison with the work of Wyatt» Wills, and Green can
also readily be made* and the marked improvement of the
full nonlocal calculation over their effective mass treatment is
easily seen.

9 o-j

352. CROSS-SECTIONS FOR THE (n, 2n) REACTIONS OF Tht
238U AND 237Np WITH 14 MeV NEUTRONS.
Perkinj J .L . , Coleman, R.F. (Atomic Weapons Research
Establish., Aldermaston» Be.rks.)
Reactor Sci. and Techn.» Vol. 14, No. 2/3, May 1961,
pp. 69-75

Cross-sectionsfor the reactions 232Th (n, 2n) 23iTh*
2 3 8U (n, 2n) 2 i ' u and 237Np (n,2n) 236Np with 14 MeV
neutrons were found by activation methods. 23*Th and
237U were detected by observing their y-rays with a
sodium iodide scintillation spectrometer. 236]\jp was
estimated by counting the a-particle activity of its
daughter 2 3°Pu.
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The cross-sections found were as follows:

Target (ns 2n) cross »section Neutron energy
Nuclide (k£Lr n s ) (MeV)

232Th

2 3 8u
2 3 7 N P

i.

0.

0.

20

69

39

- 0.

- 0

05

.04

.07

14.

14,

14,

1

5

5

f

±

t

0.

0.

0,

3

4

.4

353. NEUTRON TOTAL CROSS SECTIONS IN THE 17- TO
29~MeV REGION.
Peterson, J . M . , Bratenahl» A. , Stoering, J . P .
Phys. Rev,, Vol. 120, No. 2, Oct. 15, 19603 pp, 521-527.

The neutron cross sections of 42 elements and isotopes were
measured at several energies between 17 and 29 MeV using
mono energetic neutrons produced by the Livermore var i -
able-energy cyclotron through the T (dju) He'* reaction»
Beam contaminations by gamma rays and low-energy "break-
up" neutrons were measured by time-of-flight techniquesa and
their effects were kept small by suitably high bias on the
plastic scintillator detector. The accuracy in cross sec-
tion is typically +_ i to 2 %. The data in this energy region
have been sparse heretofore. Where comparisons with
previous data have been poisible» there is substantial
agreement» When plotted versus energy and mass number,
the data form a smooth crossection sxirface which joins on
smoothly to the data at lower energies» The data seem
in good agreement with the predictions of the optical model
of Björklund and Fernbach.

354. INELASTIC COLLISION CROSS SECTIONS FOR 14-MeV
NEUTRONS.
Phillips, D.D. , Davis, R.W., Graves, E.R.
Phys i Rev. s Vol. 88, No. 3, Nov. l a 1952, pp, 600-602.

The inelastic collision cross sections of a number of ele-
ments for 14-MeV neutrons have been measured, using threshold
detectors inside spherical shells of the scattering material»
Reactions in copper, aluminum and phosphorus with thres-
holds at approximately 11.5 MeV» 2.6 MeV, and 1.4 MeV
were used as threshold detectors.
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355. ELASTIC SCATTERING OF 14-McV NEUTRONS BY
Al, S, Ti AND Co,
Pierre , C.St», Machwc, M«K», Lorrain, P .
Phys. Rev,, Vol. 115, No» 4S Aug. 15* 1959., pp« 999-1003.

Differential cross sections have been measured for the
elastic scattering of 14-McV neutrons by Al» Ss Ti* and
Co over the angular range from 10 to 138 degrees using
a ring geometry and a plastic scintilla-tor as detector»
The experimental results are essentially in agreement with
the optical model calculations of Björklund and Fernbacb*

356» COLLECTIVE EFFECTS IN INELASTIC SCATTERING
FROM NUCLEI.
Pinks ton, W.T*» and Satchler, G.R.
Nuclear Phys», 27: 270-83 (1961)

It is shown how inelastic scattering is closely analogous to
an electric multipole radiative transitions and will show
similar collective enhancement, This enhancement will
vary with scattering angle* In general* spin-flip transi-
tions are little effected, the enhancement being found in
the spinir.dependent amplitudes! the consequences of
this are discussed» The deformed nucleus model for C ^
is used to illustrate these effects. Finally, the interac-
tion form factors to be used for inelastic scattering are
discussed.

35? THE ANGULAR DISTRIBUTIONS OF ELASTIC ALLY AND
INELASTICALLY SCATTERED 2*9 MeV NEUTRONS.
Popov» V«I«
Nucl. Energy A, 1959, Vol. 9* pp. 9~t9*

The angular distributions resulting from the elastic and ine-
lastic scattering of 2,9 MeV neutrons by iron3 copper, lead
and bismuth have been measured with a hydrogen-filled
chamber, using ring geometry. Total elastic and inelastic
cross-sections and the transport cross-section are given»
The observations for iron and copper show that angular
distributions for elastic scattering are not necessarily
similar for elements of nearly the same As but can differ
markedly* The results are compared with calculations
based on the optical model*
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358. INELASTIC SCATTERING OF 0.3, 0,77, AND 1.0 MeV
PHOTONEUTRONS.
Poze, Kh*, R., Glazkov, N.P.
Sov. Phys. JETP, Vol. 3, pp. 745-51 (1956) Dec.

Cross sections were measured for inelastic scattering
of neutrons of three energies: 0.3, 0«.77, and 1.0
MeV by the nuclei of 13 elements: uranium$ bismuth,
lead, mercury,tungsten, antimony, tin, cadmium, cop-
per, nickel, iron, aluminum, and sodium» For heavy
nonmagic nuclei (uranium, mercury and tungsten), the
cross section for inelastic scattering of neutrons with
energies 0.8 and 1 MeV was found to be 1 to 2 barns»
For light and magic nuclei the cross section for these
same neutrons was found to be small, of the order 0,1
to 0.2 barns. In addition, for incident neutrons with E =
1 MeV, an estimate was made of the average energy or the
inelastically scattered neutrons, and the energy levels
excited were determined for some nuclei.

359. CALCULATION OF THE A COEFFICIENTS FOR IN-
ELASTIC NEUTRON SCATTERING.
Pratt, V.W.
AECU 3387 comp. of Techn. Report on the subj, of
Fast Neutron Scattering, P a r t i , pp« 110-12.
(Westinghouse Research Memo 60-94511-6-M4, 1954),

In the theory of inelastic neutron scattering presented by
Hauser and Feshbach (ref. 230), the dependents of the
cross section upon the scattering angle enters through the
factor AT, defined by (HF /ref. 230/, eq» 6):

vJ

j * J e ) =
m, m

x ( l * j*} m*, m~m* jj * j * i Jm)2 | Y | t m * ( 6, cp ) | 2 (1)

Although it is possible in principle to evaluate the A
from (1), the calculations can be simplified by ex-
pressing the right hand side as a single sum, Two
such methods will be discussed, making use of functions
which can be calculated separately and for which tabula-
tions are available in the literature.
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360. NEW ISOTOPES OF COBALT| ACTIVIATION CROSS
SECTIONS OF NICKEL, COBALT, AND ZINC FOR
14.8 MeV NEUTRONS.
Preiss, I. L. and Fink, R*W.
Nuclear Physics 15 (I960) 326-336.

Experimental and theoretical(continuum model) cross
sections are presented for the reactions Ni^" (n,2n),
Co59 (n,2n), Zn64 (n, 2n).

361. THE STATUS OF NEUTRON CROSS SECTIONS AND RE-
LATED DATA.
Prince, A»
TID-U561, i960.

The current status of experimentally defined neutron cross
sections for materials pertinent to shielding analysis is
presented.

In addition» the experimental and theoretical techniques
employed in obtaining accurate data are outlined. Ele-
ments included are; H, Li* Be, B, C, N» Os Al, Cr, Fes

COj Ni» Y, Zr, Mo4 W, Pb, U. No data are given, only
references.

362 A STUDY OF NEUTRON AND GAMMA RAYS FROM NEUTRON
INDUCED REACTIONS IN SEVERAL ELEMENTS.
Prud'homme, J . T , , Morgan, I. L. , Mc Crary4 J.H.»
Ashe} J.B«, Hudson, J r . O.M.
AFSWC-TR-60-30, AFSWC~Tr-60~30 (App« II») June 1959
to June I960. (Tex.Nucl. Corp» Austin, Tex» June I960,
p. 74.)

These two reports were issued separately, but are catalo-
gued as a unit.

An extensive literature survey was conducted to determine
the angular and energy distribution of neutrons non-elas-
tically scattered at 1 and 15 MeV from a number of elements
and to determine information concerning y-rays from, such
events» Where sufficient or accurate information was lacking
in the literature, experimental measurements of these
quantities were made*
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363, NONE.LAST1C SCAT'l ERING OF FAST NEUTRONS.
Prud'hommc, 3«'l\3 Okhuysen» P. L. , Morgan, I, L«
Phys.Rev., Vol. 118, (I960), No, 4, pp. 1059-1062.

The relative angular distributions of neutrons inelastically
scattered from iron, yttrium» circonium, radiogenic lead
(88 % Pb )j lead, and bismuth were measured for neu-
trons in the region from 3.7 to 4.7 MeV. The relative an-
gular distributions of the low energy (0.5 to 4 MeV) neu-
trons resulting from nonclastic scattering of 15«2- MeV
neutrons were also measurer'. In each case the distri-
butions y/ere found to be; isotropic within experimental
error (~ i 5 % ) , therefore supporting earlier evidence
of compound r.ucleus formation as the predominant inter-
action mechanism^

364, GAMMA RAYS FROM THE INELASTIC SCATTERING OF
NEUTRONS IN ALUMINUM, MAGNESIUM, AND SILVER.
Rayburn, L.A. , Laffertvj D0L»j Hahn» T«M,
(Univ. of Kentucky; Lexington).
Phys. Rev., Vol. 98, pp."" 701-4 (1955) May 1.

Morioenergetic neutrons from the H (d, n) He" reaction
were used to bombard scatter ers in the form of a ring sur-
rounding an unshielded Nal (Tl) gamma spectrometer. The
*f spectrum for each scatterer was obtained by subtracting
the background counting rate from the counting rate with
the scatterer in place* An analysis of the v spectra yields
discrete y rays for each sca'.terer as follows; Al: 0.422,
0.843,0.938, i .69, and2.iOMeVj Mgs 0.438, 0,555s

0e688, 0*837, 1.00, U34* 1.91, 2.08^ and 2.44 MeVj
Ag: 0.332, 0.696s 0.795, 1.10, 1.99, 2.13, 2.32, and
2.54 MeV» The starred y energies denote those theit have
not been previously reported»

14 '51 39 46
365. i 4-MeV (n,2n)_CROSS SECTIONS of N * P s K , Ti ,

Cr 5 0 , AND Fe 3 %
Rayburnj. L»Aa

Bull» o( the Am, Pl:ys. Soc. 3. p. 365 (1958)«

The (rij 2n) cross sections of these nuclides have been measu-
red using an activation technique which has been described
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previously. (L.A. Rayburn, Bull.Am.Phys. Soc« Ser« II,
3, 337, /1958/) Preliminary values of these absolute
'cross sections are given in Table I»

Table I

Nuclide

N14

P 3 i

K 3 9

Cr50

Ti46

Fe 5 4

Half-life

i 2 » 3 min

2.4 "'

7.7 "

38.5 "

2.9 "

9.8 "

(n, 2n)
cross section

millibarns

8 .5

11.9

3 . 8

25,4

27.9

16.7

366. DIFFERENTIAL ELASTIC SCATTERING OF 14-MeV
NEUTRONS BY Zn, Sn, Sb, AND Bi.
Rayburn, L.A. (Argonne Nat. Lab.)
Phys.Rev., Vol. 116, pp. 1571-4 (1959) Dec. 15.

Differential elastic scattering cross sections in the angu-
lar interval from 1 0 to 165° were measured for Zn» Sn,
Sbs Pbj and Bi. The experimental measurements are
corrected for multiple scattering and the finite angular
resolution by Monte Carlo methods. The corrected cross
sections are compared with theoretical values computed
by use of a complex potential with a spin-orbit term.

367. 14.4-MeV (n. 2n) CROSS SECTIONS.
Rayburn, L.A. (Argonne Nat. Lab«s Argonne 111» and
Department of Phya. and Astronomy, Univ» of Georgia,
Athens Georgia),
Phys.Rev., Vol* 122, No. 1, April 1, 1961, pp. 168-171.

Cross sections for the (n, 2n) reaction have been measured
at an incident neutron energy of 14.4 — 0.3 MeV for 27
nuclides. These measurements were made relative to the
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cross section for the Cu (n, 2n) Cu " reaction» The rela-
tive cross sections were then converted to absolute cross-
sections by using the weighted mean of several CuDJ r e -
action-cross-section measurements made by other investi-
gators.

14 19 31 35 39 45 45
N TT* " D (~* 1 XT Q C

/ * 9 15 * 17 * 19 Ä 21 3 21 *

4 6 50 - ^ 5 4 . 5 8 65 r 64

69 ^ 7 0 , , 7 4 ^ 7 4 „ 79 „ 81
3 i G a , 3 2 , ^ , 3 4 , 3 , 3 & ,

„ 90 . . 92 _ 96 . 107 ^,,106 „ 112
4 0 Z r * 4 2 M ° * 4 4 R u * 4 7 A g * 48 * 50 *

.,,121 _ 141 XTJi42 _ 144
5 1Sb Pr Nd S

368, (n,2n) REACTIONS IN Cu63 , Ag1 ° ?
$ AND S b i 2 i ,

Rayburn4 L.A.
Bull. Am.Phys. Soc. _6, p. 253 (1961).

Cross sections for the (n, 2n) reaction in Cu s Ag ,
and Sb have been measured for incident neutron energies
from 12 to 19» 5 MeV. The two 511 kev gamma rays from the
annihilation of positrons in the irradiated samples were
counted in coincidence by using two Nal scintillation spec-
trometers. For Cu63f t ^ e value, of this cross section vari-
ed from 65 to 675 mbj for Ag*^'» from 600 mb to a maximum
of approximately 925 mb at an incident neutron energy of
15 MeV and then decreased to about 700 mbj for Sb^*-,
from 700 mb to a maximum of approximately 1050 mb at
an incident neutron energy o£ 15 MeV and then overlap
those of other investigators,' The values are in general
agreement.

369. ABSOLUTE (n,2n), (n,py). AND (n, ay) CROSS SECTIONS
FOR 14. 1-MeV NEUTRONS ON ZIRCONIUM AND THE
CALIBRATION OF A CRYSTAL, SCINTILLATION SPECTRO
METER.
Reed, H.
TID-11929, Feb, I960. 245 p.

Absolute (n,2n), (n^p^), and (n,a7) cross sections were
measured for 14. i-MeV neutrons incident on natural zir-
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conium for the following reactions: Zr (n, 2n) Zr and
„ 90, , w 89 _ 90, . 9 0 „ 91/ Xv9lmZr (n, 2n)Zr . Zr (n,p)Y , Zr (n, p)Y ,

Zr9i(n»p)Y91, Zr92(n jP)Y92 , and Zr94(n» p) Y94 | and

Zr9°(n,a)Sr89 and Zr94(n, a)Sr91.

In addition, upper -limit values were obtained for the
cross sections of the reactions
„ 96, »_ 93 _ 94, ._.93 , „ 94, ,W93
Zr (n,a)Sr , Zr (n, pn)\ ,'and Zr (n, d)Y .

370. NEUTRON SPECTRA EMITTED DURING THE (n, 2n)
REACTION IN Mn55, I1 , AND Tal81,
Réray, E., Winter, K.
Compt.rend. 246, 1410-13 (1958) Mar. 3,

The neutron spectra emitted in the (ns 2n) reaction of Mn ,
^ and Ta^Sl w e r e rneasured by the time of flight methody g

The groups of neutrons between 1.0 and 1,3 MeV are resolved.

371. ANGULAR DISTRIBUTION OF FAST NEUTRONS SCATTERED
FROM LEAD.
Rhein, W.J., (Department of Phy.s», Univ. Tex., Austin,
Tex.)«
Phys.Rev., Vol. 98, No. 5, June 1, 1955, pp. 1300-1301.

The elastic differential cross sections for the scattering of
1.0-, 3.7-, 5.0-, and 15. 0-MeV neutrons from lead have
been measured, using a minimum of experimental variables
in order to investigate the behavior of these cross sections
as a function of neutron energy. The scatterers were ring-
shaped, permitting a scattering range between 10° and
150 . The neutrons were counted with ZnS-plastic scin-
tillators. It w.as necessary to subtract the effect of in-
elastically scattered neutrons from the experimental re-
sults in order to arrive at the elastic cross sections. The
results show the expected prominent variation in the width
and height of the forward scattering peak and indicate that the
number and direction of the secondary maxima of scattering
are a prominent function of neutron energy»
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372. THE INTERACTION RADIUS IN DIRECT REACTIONS.
Rodberg, L.S.
Nucl.Phys., Vol. 21 (I960) No. 2, pp. 270-275.

In the direct interaction theory of nuclear reactions a para-
meter appears which describes the radius of the surface
region in which the direct interaction takes place. Fits to
experimental data using Born approximation theories lead
to interaction radii which are considerably larger than nuc-
lear radii determined by other means. It is suggested here
that this is simple" consequence of the distortion of the in-
cident and outgoing waves, described in terms of an optical
potentials This potential increases the relative momentum
in the region of interaction, leading to smaller interaction
radii for a given angular-momentum transfer. The energy
independence of observed direct reaction angular distribu-
tions can also be understood in terms of the modified momen-
tum inside the nuclear potential.

373. THE OPTICAL MODEL AND INELASTIC SCATTERING.
Rodbergj L.S.
Ann. of Phys., Vol. 9, (i960), No. 3, pp. 373-390.

Calculations of Levinson and Banerjee using the direct-
interaction model for the inelastic scattering of protons
indicated that the optical potential seen by the scattered
particle is weaker than for the corresponding elastic scat-
tering process. In this paper the scattering amplitude is
derived and the "1/A-corrections" to it are examined. It
is shown that these represent corrections to the optical
potential and arise from the requirement that the contribu-
tion of a given target nucleon to the optical potential be
removed when that nucleon is interacting directly with
the incident particle. It is shown that the short range,
symmetry-dependence and spin-dependence of nuclear
forces can make this an important correction and can
explain the Levinson-Banerjee reduction. It is also
shown that the strength of the effective two-body inter-
action, or t-matrix, is in good agreement with the
strength found by Levinson and Baner jee. The distorted-
wave direct-interaction model is therefore capable of pre-
dicting the absolute magnitude of the inelastic cross sections,
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374. INELASTIC NEUTRON SCATTERING FROM F 9AND
Ia 1 8 i ,
Rogers, W.L., Garber, D.I., Shrader., E.F. (Case Inst,
of Techn»).
Bull.Am.Phys. Soc», Ser.II, Vol. 6, (1961), No. 1, p. 61,

The differential inelastic neutron scattering cross sections
of F ' and Ta °* have been-measured using the neutron
time-of-flight technique. For F ° primary neutron energies
of 565 kev and 1000 kev were used, and the inelastic scat-
tering leaving the fluorine nucleus excited to its 109-kev
and 197-kev levels was observed. For Tal 81} primary
neutron energies of 710 kev and 900 kev were \ised and the
inelastic neutron scattering leaving the tantalum nucleus
excited to its 133-kev and 303-kev levels was observed.
For both nuclides the inelastic scattering is essentially
isotropic. The scattering cross sections inbarns are as
follows: F 1 9 , a(109 kev) ^ 0.54 1 0.17, cr (197 kev) = 1,35
~ 0,25 at = 565 kevj TaiSi ö(137 kev) = 1.2 = 0 , 1 , a
(303 kev) = 0.2 I 0. 1 at E =710 kevj and a (137 kev) =
i . t ~ 0 . i , o (303 kev) = 0. 5 - 0. t at En = 900 kev. In
addition, for Ta the differential cross section at 90°

has been measured at a function of incident neutron energy
up to 1.000 MeV. The elastic scattering from C was
used as a. secondary standard for determining the absolu-
te cross sections. The observed angular distribution of
elastic scattering from C ^ , F ^ , and Ta^°' agree well
with published literature»

375. EXPERIMENTAL CHECKS OF THE STATISTICAL THEORY
OF NUCLEAR REACTIONS:
Rosens L. , Stewart, L.
Phys.Rev. , Vol.99, 1955, pp. 1052-1053.

In evaluating the validity of the statistical model, one
should bear in mind the following additional points: (1)
It would appear that energy distributions of low-energy
inelastic neutrons and protons may not lead to a reliable
estimate of level densities or nuclear "temperatures"
because, when energetically possibles the decay of the
compound nucleus presumably takes place by the emission
of more than one particle» Calculations show that (n, 2n)
reactions have a marked effect on the apparent nuclear
"temperatures" deduced from neutron energy distribu-
tions» (2) In experiments involving charge particles, it
would appear that the forward-peaked angular distribu-
tions which arc observed probably account for only a small
fraction of the total inelastic cross section, (3) Emission of
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low-energy protons from heavy nuclei is not necessarily
inconsistent with the compound nucleus concept. Such
protons may arise when an (X, 2n) reaction is energi-
tically forbidden, while an (X, np) reaction is not.

376. NEUTRON EMISSION PROBABILITIES FROM THE INTER-
ACTION OF 14-MeV NEUTRONS WITH Be, T a, AND Bi.
Rosen, L., and St ewart, L. (Los Alamos)
The Phys.Review, Vol. 107, No. 3, Aug. 1957, pp. 824-829.

The spatial and spectral distributions of the neutrons from 14-
MeV neutron interactions with Ta and Bi have been obtained
by using nuclear emulsion detectors in conjunction with a
neutron collimator. These results indicate that roughly 85
to 90 % of the interactions proceed via compound-nucleus
formation while approximately 10 to 15 % proceed by "di-
rect" interactions. The space-integrated neutron spectrum
has been obtained for Be by means of a sphere experiment.
Cross sections for neutron emission, nonelastic scattering,
(n, n"), and (n, 2n) are derived for all three elements»

377. POLARIZATION IN THE ELASTIC AND INELASTIC SCATTE-
RING OF NUCLEONS.
Rosen, L.
Proc.Intern.Conf. on Nucl. Struct., Kingston, Canada, Aug.
28 - Sept. 3, 1960, pp. 185-193

378. FOUNDATIONS OF THE OPTICAL MODEL AND DIRECT
INTERACTIONS.
Rosenfeld (Nordita, Kobenhavn)
NP-9193, September 1959, pp. 26-100

A theoretical paper on the resonance states of a fixed
potential, the reaction matrix, resonance and dispersion
formula, the optical model and its parameters and direct
interaction.
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379. NUCLEAR .LEVEL DENSITIES
Ross, A. A.
Phys.R.ov. ,Vol. 108, No. 3, Nov. 1957 ppa 720-725,

By using the statistical methods originally due to Bethe, the
predictions for the densities of nuclear energy levels at ex-
citation energies around 8 MeV are examined for two diffe-
rent verions of the shell model» A crude method is used to
take into account the effects of shell structure. The assumed
form of the theoretical expression for the density of nuclear
energy levels is employed to analyze the data from slow-neutron
resonance experiments and from fast (11,7) cross sections. In
contrast to earlier results, for the necessary potential ra-
dius 3 it is found that either the,.static diffuse potential with
a radius of *•» i.2 x 10 "" ~k A ' ^ c m , or the diffuse velocity-
dependent potential based on the Johnson-Teller model with
a radius of *•» 1.4 x tO~*3 A*/-5 cm» leads to fair agreement
with the above experiments. In each case the valves of the
thickness of the surface layer on the nuclear potential and
the magnitude of the spin-orbit coupling are taken to be
those previously found to give close agreement with the ex-
perimental shell-model level sequences.

The iev.el-density expressions used here lead to an energy
dependence.which is in even stronger disagreement with those
derived from variuos excitation function and inelastic scatte-
ring experiments than the empirical formula of Blatt and
Weisskopf, It is argued that this anomaly may cast more light
on the use of the statistical theory of nuclear reactions than
on the validity of the expression for nuclear level densities.

380. INELASTIC DIFFRACTION SCATTERING.
Rost, E. j Anstern, N«,
Phys.Rev., Vol. 120, No. 4, Nov. 15, i960, pp. 1375-1387.

The method of distorted waves Born approximation is shown
to be equvalent to the first-order adiabatic method for the
calculation of inelastic scattering. The flexibility of the
distorted waves methods is indicated and tested by numerical
calculation for a simplified model. The calculations treat the
inelastic scattering of alpha particles from strongly absorbing
nuclei, and are directly comparable to the adiabatic calcula-
tions considered by Blair in Fraunhofer approximation. Good
agreement is found at forward angles. Coulomb wave func-
tions are used, and the energy difference between initial
and final states is taken ine account. Comparison is made
to a few representative experiments and good agreement is
found.
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381. ENERGY LEVELS OF Y BY INELASTIC NEUTRON

SCATTERING.
Rothman, M.A., Nath, N« , Van Patter, D.M.
Bull. Am.Phys.Soc, Vol, 4, Ser. II, Jan.27, I960,
p. 32,

Inelastic neutron scattering in yttrium metal has been
studied by direct observation of the de-excitation gamma
rays. Gamma rays from the known states at 0,913 and
1.53 MeV are seen, as well as a new level at i . 8 MeV.
The excitation curve for the 0.913-MeV metastable
state has been observed and has the same general featu-
res as that previously obtained. However a search for the
level reported at t ,2 MeV produced a negative result» This
is in agreement with results obtained by time~of-flight
measurements at Brookhaven.

382. GAMMA RAYS EXCITED BY INELASTIC SCATTERING
OF NEUTRONS IN LEAD,, BISMUTH, IRON, NICKEL,
AND CHROMIUM.
Rothman. M.A. and Mandeville, C.E.
The Physical Review, Vol.93, pp. 796-799 (1954),

Using neutrons of the d-D reaction at an energy of 3.9
MeVj gamma rays have been excited by the inelastic
scattering process in Pb? Bi, Fe, Ni» and Cr. The
energies of the gamma rays were measured by scintil-
lation spectrometry.

383. GAMMA RAYS EXCITED BY INELASTIC SCATTERING
OF NEUTRONS IN VARIOUS ELEMENTS.
Rothman, M.A., Hans, H-X. , Mandeville, C«E»
(Bartol Research Foundation of the Fr an klin Inst.,
Swarthmore, Penn.}.
Phys.Rev., Vol. 100, pp. 83-84(1955)

Neutrons of energy 3.7 MeV have'been inelastically
scattered in a number of elements. The energies of the
7 rays so excited have been measured by scintillation
counting and pulse height analysis. In some cases, the
cross sections for f -ray excitation have been calcula-
ted.
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384. INELASTIC NEUTRON SCATTERING FROM RHODIUM
AND NIOBIUM.
Rolhman, M.A., Van Fatter, D.M., Dibey, V*S.,
Portor, W.C., Mandeville, C.E. (Franklin Insl« ,
Swarthmoro, Pcnn.).
Phys.Rev., Vol. 107, pp. 155-158(1955), July 1.

Inelastic scattering of neutrons has been used to study
excited states in Rh and Nb' • Gamma rays have
been observed from the 300- and 365-kev levels in
Rh. Gamma rays of 7 36- and 957-kev energy have been
obtained from Nb. As a result of threshold measurements,
These gamma rays are interpreted as representing transi-
tions to the 29-kev metastable state from levels at 764
and 977 kev in Nb.

385. CALCULATION OF CROSS SECTIONS FOR INELASTIC
SCATTERING OF NEUTRONS FROM Pb Z 0 7 AND Pb Z 0 8 .
Rothman, M. A. , Van Patter, D.M.
CWR 495 (1957).

Hauser-Feshba.cn Method for Calculating Inelastic Neutron
Cross -Sections.

Calculation of Transmission Coefficients by "black-body"
model.

Procedure for Calculating Cross-Section»

Cross-Section Calculation for Lead »

Cross-Section Calculation for Lead

Comparison of our Calculation with Experiment,

386. ANGULAR DISTRIBUTION OF 2.34 MeV NEUTRONS
SCATTERED ELASTICALLY AND INELASTICALLY BY
CHROMIUM, IRON, AND LEAD.
Sal 'nikov, O. A.
Alomn. Energ. , Vol. 3, No. 8, pp. 106-11 (1957).
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The following measurements were carried out:
(a) Cross section of elastic scattering in barns:
(E =2.34 MeV).

30°

45°
60°
90°

105°

135°

10.

6.

1.

1.

1

1

2 i
3 —

.9 -
,3 i

,6±

i.

0.

0,

0

0

0

1

5

,3

,.1

.2

.2

6

2

t
2

1

.2

.9

.é

.0

__

.4

- 0.8

- 0,3

i 0.2

i 0.3

i 0.2

20.4- 1,7

7.7 ± 0.7

2,6 i 0.4

4.3 i 0.5

3» 6 i 0,4

2.4 1 0.2

(b) Cross section of inelastic scattering:
(En = 2. 34 MeV) Fe = 0. 90 i 0. 07 b, Cr = 0. 93 i O, 08 b,
and 0. 53 MeV level of Pb = 0. 80 — 0. 08 b and 0. 805 to
0.890 MeV level of Pb - 0. 08 b and 0,805 to 0.890 MeV
level of Pb = 1.08 — 0*10 b. The angular distribution
of the neutrons inelastically scattered by Fe, Cr, and
the 0.53 MeV level of Pb is isotropic» whereas it is
anisotropic for the unresolved levels of 0.805 to 0.890
MeV in Pb.

387. DIRECT AND COMPOUND PROCESSES IN NUCLEAR
REACTIONS.
Sano, M., Yoshida, S., and Terasawa, T. (Tokyo)
Nuc. Phys., Vol. 6, 1958, pp. 20-33

The elastic and inelastic scattering of nucleons by nuclei
are investigated taking account of the direct and compound-
processes» First, we choose a few channels which are strong-
ly coupled to the entrance channel and introduce a poten-
tial matrix, which describes the interaction among chosen
channels and the distortion of the wave in each channel.
Then the transition matrix element is written as a sum
of two contributions, one from the direct process and the
other from the compound process. The average cross sec-
tion is also divided into two parts and the interference
term vanishes by a suitable choice of the potential matrix.
The cross section of the direct process has a stronger energy
dependence than the single particle resonance behaviour*
The compound cross section, which is the contribution
from nearby levels and can be calculated of the potential
matrix is known, is shown to have the form of the conven-
tional statistical model with a modified definition of the
transmission factor.
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388. REARRANGEMENT NUCLEAR REACTIONS AND OPTICAL
MODEL.
Sano, M. (Osaka)
Progr. of rheor. Phys., Vol. 27, No, 1, January 1962,
pp. 180-202.

The purpose of this paper is to give a derivation of the formu-
la for rearrangement nuclear reactions which describe both
direct and compound processes from a unified point of
view. The formula is derived in ? similar way to that for
the scattering of a nucleon by nuclei. The distortion of wave
functions for a particle which is concerned in the rearrange-
ment reaction is given by the optical potential deter mined
from the elastic scattering of the particle by nuclei. Then
the transition matrix element is written as a sum of two
contributions: one frotn the direct process and the other
from the compound process. If the energy of the incident
particle is so high that the compound nucleushas closely
spaced energy levels., the cross section should be averaged
over a suitable energy interval. And it is assumed that
there is no coherence between the phases of the nearby
compound nucleus levels and therefore the interference
term between the direct and compound nucleus processes
vanishes. Then, if is shown that the contribution of the
compound nucleus reaction is in accordance with the results
of Bethe and Hauser-Feshbach described by the statistical
theory. The formal theory of the rearrangement nuclear
reaction is applied to the deuteron stripping reaction.
In this case, the formula which gives the effective deu-
teronnucleus interaction is derived.

389. GAMMA-RAYS FOLLOWING DIRECT INELASTIC SCAT -
TERING FROM NUCLEI.
Satchler, G.R., Drisko, R.M., Bassel, R.H. (Oak Ridge
Nat. Lab.).
Bull. Am.Phys. Soc., Ser. II, Vol. 6, (1961), No. 1,
p. 66., AED-conf. 1961.

The distorted wave Born approximation theory of direct
reactions has been used to interpret the experimentally
observed angular correlation of y rays following the in-
elastic scattering of protons and alpha particles at medium
energies. The distorted waves were generated from optical
potentials, which give a good description of the elastic
scattering at the same energies, and the calculations were
performed on a IBM-704, Both single-particle and collec-
tive (surface-coupling) transitions are considered. The
results are compared with the adiabatic approximation
(Q=O)j which predicts symmetry about an axis bisecting
the incident and scattered directions when spin-flip can
be neglected. J.S. Blair and L. Wilets, Bull» Am» Phys8

Soc./Sr. II, Vol, 4, p. 460 (1959). The circular polari-
zation of the y rays is also predicted» At lower energies»
the direct interaction y-ray distribution is compared
with the predictions of the statistical model of the compound

nucleus.
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390. THE PARAMETERS OF THE OPTICAL MODEL POTEN-
TIAL AND THEIR PHYSICAL INTERPRETATION.
Saxon, D.S.
Proc. of the Intern. Conf. on Nucl.Struct. (Kingston-
Canada). Aug. 29 - Sept. 3, I960, pp. 197-211.

Survey of present status of development.

391. ELASTIC AND INELASTIC SCATTERING OF NEUTRONS
BY HE .
Sayres, A., Jones, K.W., and Wu, C.S.
Bull, of the Am. Phys. Soc. 3 p. 365 (1958).

Differential elastic, total elastic, and inelastic scatter-
ing, cross sections were obtained from spectra of the n+
He reactions at E =2.5, 5.0, 8.0, and 17.5 MeV. These
spectra were observed in a proportional counter filled with
He , krypton, and Co?, Corrections were made for wall ef-
fect, resolution, and Krypton and Co? backgrounds. Cross
sections were obtained from the relative number of He
(n,~p)H , He (n, D)D, and He (n, n)He events and the known
He +n total cross section. Elastic differential cross
sections were inferred from the He recoil energy distri-
butions, and compared with the corresponding cal-
culated distributions of Branoden et al. The experimental
distributions are charcterized by relatively large scattering
cross sections at forward center of mass angles as predic-
ted by calculations based on Serber forces. The scattering
at back angles is less than at forward angles, falling between
the values predicted by using Serber or symmetrical inter-
actions. Recently Simmons et al. have reported similar
angular distributions using time-of-flight for E =1.0, 2.0,
3.5, and 6.0 MeV. n

1» Bransden, Robertson, and Swann, ProcPhys» Soc«
(London) A69, 877 (1956)

2. Simmons, Cranberg, and Seagrave, Bull. Am. Phys.
Soc. Ser. H, 3 , 338 (1958).

392. 'SCATTERING OF NEUTRONS BY NONSPHERICAL NUCLEI.
Schey, H-M. (Radiation Lab., Univ. Calif., Livermore,
Calif.).
Phys. Rev., Vol. 113, No. 3, Feb. 1, 1959, pp. 920-903.

A discrepancy between experiment and the optical model
calculation of Björklund and Fernbach exists in the scatter-
ing of 7-MeV neutrons by tantalum. The possibility is
investigated that this dcscrepancy is due to quadrupole
deformation in tantalum. The deformation is represen-
ted by a term proportional to P ? (cosy) to the spindependent
potential of Björklund and Fernoach (« is the angle between



- 148 -

the assumed nuclear summetry axis and the radius vector
to the scattered particle). The added term is treated as a
perturbation and the calculation is carried to second order,,
The Schrödinger equation is solved numerically on an IBM-
704 computer to obtain the differential cross section for
the elastic scattering of neutrons and the results are applied
to the scattering of 7-M.eV neutrons by tantalum. Parameters
are determined which bring the theoretical results into
adequate agreement with experiment»

393. NUCLEAR DATA REQUIREMENTS FOR FAST AND INTER-
MEDIATE REACTOR CALCULATIONS.
Schmidt, J. J.
Paper presented at IAEA Seminar on the Phys» of Fast
and Intermediate Reactors, Vienna At ?ust 1961,

In the past year some work has been done at Karlsruhe
in the compilation of reliable nuclear data for fast and
intermediate reactor calculations. A report about this
work including extensive, up-to-date (31 March 1961) cross
se.ct.irm tabulation for neutron energies between i eV and
10 MeV will be published as an external Karlsruhe report in
the^near future. Materials,,££ far,covered-are Hes O ,
Na , Cr, Fe, Ni, Mo, U , U , Pu

For fast and intermediate reactor optimization studies»
for reliable theoretical prediction of space dependent neutron
energy spectra,, critical masses, breeding ratios., burnup,
doppler coefficients and related subjects we are interested
in much more detailed microscopic cross section data,
concerning mainly neutron absorption, elastic and inelas-

tic scattering, neutron resonance absorption and fission,
than for example, are needed for the evaluation of few group
constants in the conventional multigroup diffusion theory.

Unfortunately, in spite of much progress in the experimental
determination and theoretical interpretation of nuclear
data since the 1958 Geneva Conference, many inconsis-
tencies in the experimental results of different authors
and laboratories and large gaps in the experimental nuclear
data work still remain, This paper discussed a great
deal of these gaps and inconsistencies concerning the
abovementioiK:d nuclei*- Pr^sent-»s,tatus-,o>f0Lnelastic
scatter rag date iov O , Na , U , U , (shown m
figure), Pu is reviewed.
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394. DISPERSION FORMULAS IN THE THEORY OF NUCLEAR
REACTIONS.
Serdobolsky, V.I.
Nucl. Phys., Vol. 21, (i960)., No, 2, pp. 245-255.

The paper offers a theory of resonances in nuclear re-
actions, in which the concept of the R-matrix is not used.
Under consideration is a certain parameter whose small-
ness makes it possible to select, out of the total number
of formal levels obtained in the theory, the resonance levels
attributable to the formation of the long-lived compound
nucleus» For the levels which do not overlap the nuclear-
reaction thresholds the compound-nucleusresonances are
singled out by the poles of a Green's function at complex
energies. The dispersion formulas thus obtained are li-
near with respect :̂ o resonances and contain the complex
reduced half-widths. These forirmlas do not depend on
auxiliary "hypersurface radii" and take into account the
tails of wave functions responsible for multi-particle
processes occurring close to the surface of the nucleus.

395. SPECTRAL SHAPE FOR INELASTIC SCATTERING OF
NEUTRONS
Sethä K. K. j Wilenzick, R.M., and Griffy, T.A. (Duke U.)
WASH - 1034, December 4-5, 1961, p 13,' Reports to
the AEC Nucl. Cross Sections Advisory Group,

According to the statistical theory, the number of inelas-
tic neutrons emitted with energy E, corresponding to
an incident energy E , is given by N(E)dEocE g (E)
W(E -E)dE, where p (E) is the compound nucleus forma-
tion cross section for the inverse reaction, and W(E -E)
is the density of states function for the residual nucleus.
In absence of experimental knowledge of Q it is customary
to assume that <? is constant and W(E -E) oc exp | (E -E)/T]
oc exp (- E/T), SCO that N(E) cc E exp \- E/T) °
where T is the "nuclear temperature !i.In the inelastic
scattering experiments of Wilenzick et al. (abstract just
preceding this one) it was observed that while the experi-
mental spectra for certain nuclei were fitted quite accu-
rately with the above expression^ for certain other nuclei
no reasonable fit could be obtained. In order to rule out
the possibility of insufficient averaging in light and medium
heavy nuclei of those data, and the. consequent breakdown
of the statistical hypothesiss 90 spectra were taken for
a number of heavy elements also. The above inconsistency
in spectral shapes still persisted. It was found thai if _;i£
energy dependence predicted for a by the optical model
is taken into accounts W(E -E) has the same shapes with-
in experimental errors, for all nuclei. The interpretation
of these experimentally determined density of states func-
tions will be discussed.
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396, GAMMA RAYS PRODUCED BY INELASTIC NEUTRON SCATTE-
RING ON STRONTIUM.
Shafroth, S.M., Jackiw, R.W., and Van Patter, D,M.
Bull.Am.Phys.Soc. 5, 409 (I960).

The gamma spectrum arising from neutron bombardment o£
strontium has been studied for neutron energies of from
1.0 MeV to 3.4 MeV in O.Z-MeV steps. The neutrons were
produced by the proton beam of the Bartol-ONR generator
which impinged on lithium targets 50-kev thick. A 35-mm
x 40-mm Nal(Tl) cylinder was used to detect the gammas.
The following gammas have been observed: 0.51, 0» 80,
0.91, 1.08, 1.16, 1.23, 1.37, 1, 84, 2, 14 Mev ( t 1%),
Most of these arise from inelastic neutron scattering in
Sr and Sr"". The experimental cross sections for some of
these gammas have been compared with cross sections cal-
culated by the Hauser-Feshbach method using transmission
coefficients derived from diffuse surface potential wells of
Emmerich, Campbell et al . , and Beyster et al. ^ From the
comparison with theory for different spins and parities it is
concluded that the second 2+ level in Sr86 occurring at 1. 88 MeV
most probably has been found. The angular distribution ot the
1.84-MeV gamma has been measured at an average neutron
energy of 2.2 MeV» It will be compared with the angular
distribution predicted using Satchler's theroretical expres-
sion.

1. W.S» Emmerich, Westinghouse Research Rept.
6-94511-6-R19 (April, 1958)

2. Campbell, Feshbach, Porter, and Weisskopf
MIT-LNS Tech. Rept. No. 73 (February, i960)

3. Beyster, Schrandt, Walt, and Salmi, LA-2099 (April,
1957).

397. INELASTIC SCATTERING OF 2.6-MeV NEUTRONS,
FROM Fe 5 4 , Fe b ö , Fe 5 7 , W i8Z AND W184 .
Shapiro, P . , Higgs, R.W. (Naval Research Lab»,
Washington, D«C.):
NRL-4937, April 10, 1957, 21 p.

Gamma rays following inelastic scattering of 2» 6-MeV
d-d neutrons from isotopically enriched samples of Fe->4,
Fe^?, W^8 , W , and from normal iron and tungsten have
been observed in a Nal scintillation spectrometer using
the He-̂  coincidence technique. The observed gamma rays
are listed and are assigned to particular isotopes of the
elements studied. Decay schemes are proposed for Fe^4 ,
Fe , and Fe^ ' , Determination of the photopeak efficiency
of Nal summing spectrometer is discussed»
(See also Phys. Rev. , Vol. 108, pp. 760-5 (1957),
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398» THE OPTICAL MODEL OF THE NUCLEUS IN THE LIGHT
OF RECENT DATA.
Shapiroj I.S» (Russian)»
Uspekhi Fiz. Nauks 75: 61-100 (Sept, 1961).

The scattering of nucleons by heavy nuclei can be consi-
dered as the diffraction of a nucleon wave at a certain
potential. An optical model having a continuous but
sharp drop in nuclear potential is assumed most frequently:
V(r) - VQf(r) where f(r) = ,£l + exp(r - R ) / a ] . The rate
of fall of potential is characterized by a = 0. 65 x iO ' ^cm,
the "radius of the nucleus" R = i . 27 x iO~ i3 cm A 1 / 3 . The
parameters R, a, and VQ are so selected as to obtain good
agreement with experimental values for the total cross-
section xSf The capture cross section X-D and the differenti-
al scattering cross-section dög(9). The scattering of 14-MeV
neutrons is satisfactorily explained in this way. The intro-
duction of a surface potential improves the agreement be-
tween theory and experiment. Spin-orbital coupling is also
taken into account to explain the polarization of 14-MeV
neiitrons and 10-MeV protons as a function of the angle of
scattering 0. The scattering of 48.2-MeV alpha particles,
15-MeV deutreons, 165-MeV O1^ particles, and 27.3-MeV
N paxticles is discussed from the point of view of the
optical model of the nucleus.

399. THE IMAGINARY PART OF THE OPTICAL MODEL PO-
TENTIAL FOR NEUTRON INTERACTIONS WITH NUCLEI.
Shaw, G. L.
Ann. of Phys. , Vol. 8* No. 4, (1959), pp. 509-550.

The Brueckner nuclear many-body theory is modified
so that it can be applied to the problem of dealing with
quasi-stationary states» In this manner we are able to
treat low-energy neutron interactions •with heavy nuclei
taking into account the identity of the incident neutron
with the nucleons in the nucleus. An expression for optical
model potential is obtained^ and the imaginary part W is cal-
culated. The results indicate a surface absorption poten-
tial: f, for a given incident neutron energy, has a constant
central region and reaches a peak > twice the central value
in the surface region» An investigation is made of the next
step after the compound state is formed, For heavy nuclei,
compound nucleus formation dominates over compound elas-
tic scattering. For light nuclei (A < 50), there may be fluc-
tuations of the cross section related to two-particle states.
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400. NEUTRON CROSS SECTIONS IN ZIRCONIUM, APRIL 1961.
Sher , R.
BNL 666 (T-220-40-1) .

Nonelastic c ro s s - s ec t i on for natural zurconium in the range
1 to 25 MeV. (n, 2n) excitation functions for Z r ' ^ from 1)
up to 20 MeV and for Z r 9 1 , 9 , 9 4 , 9 6 calculated according
to 2) up to 14 MeV.

1) Pres twood et a l , P h y s . R e v . 121, p . 1438(1961).

2) B a r r et a l . P h y s . R e v . 123, p . 859 (1961).

1 64
401 . DY TOTAL AND ACTIVATION CROSS SECTIONS.

Sher , R. , Tassan , S . , Weinstock, E . V . (Brookhaven
Nat. Lab.)
WASH-1031, 1961, p . 13.

The total and activation (sum of activation of 1.3 min, and
2.3 hour states) c ross sections of Dy in the energy r e -
gion 0. 025 to 2. 0 ev (Repor t to NCSAG, WASH-1029, I960)
a re fitted quite well by a negative energy J-eve-1 having the
following a r a m e t e r s : EQ= - 1 . 8 5 , F = 115 mv. F =56 mv,
an y jy - 4080 barns ev^. These p a r a m e t e r s a r e not
a "bes t" fit, but resul t from t r ia l -and e r r o r . They fit the
total c ross section data to bet ter than 1 percent , and fit
the activation c ross section data to something like 10 %,
when the activation data a r e renormal ized slightly (7 %)
from the experimental value. In both cases the accuracy
of fit is comparable to the accuracy of the exper imental
data .

402. SPECTRA OF ( p , a) AND (p, p ' ) REACTIONS AND THE
EVAPORATION MODEL.
She r r , R. , Brady, F . P .
P h y s . R e v . 124 , No. 6, Dec. 15, 1.961, 1928-1943.

The energy spec t ra of a par t ic les from V, F e , Co, Ni, and
Rb bombarded with 17.5-MeV protons were obtained at a
number of angles . Beyond 3 0 ° , the spect ra a r e essent ia l ly
isotropic and have been analyzed in t e rms of the evapora-
tion model . The level density deduced is of the form exp(E/T)
for E x = 3 to 12 MeV. The values of T a r e in the range 1.2-
1.5 MeV if the c ross sections of the contiunuum model with
R = (1.4A ft + 2.2) fermis a re used, and in the range
1.3-1.6 MeV if optical model c ross sections a r e used. This
"constant t e m p e r a t u r e " level density is also consistent
with alpha spect ra of Ni and Co bombarded 15- and 19-MeV
pro tons . Analysis of published inelast ic proton sca t te r ing
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data for elements in the Ti-Zn region, with bombarding
energies of 11.3 to 23 MeV, indicates that the (p ,p ' )
spectra (in the above excitation interval) are only par t i -
ally attributable to evaporation. At 11.3 MeV the upper
limit of the contribution of evaporation to the proton
spectra is estimated to be < 96 %, while at 23 MeV it is
probably m ch smaller thäji 22 %. The value of T for
Fe deduced from (p, a ' } and (a, a ' ) reactions is
« 1 . 5 MeV, while inelastic neutron scattering data
yield a value of 0.95 MeV. The resolution of this dis-
agreement will require modification fo the usual cal-
culations of inverse cross sections.

403. MEASUREMENT OF THE CORSS SECTION FOR THE
U 2 3 8 (n, 2n) U 2 3 7 REACTION.
Sherman, L .E .
Sovj. J. of Atomic Energy, 4 , No. 1 (1958).

23 8 237
The cross section for the U (n, 2n) U reaction has
been determined by measurements with a 4#-counter
of the absolute number of (3-decay events in the U 2 3 7

nucleus which is formed.
Samples of natural uranium ( n the form of lower oxides)
were irradiated at the center of the core of a fast neutron
reac tor 2 . During the exposure the neutron flux at the
irradiation site was i 0 - 1 0 neut /cm 2 . sec.

237
From the measured number of U decay events it is
possible to find the number of radiators formed as a
results of the (n, y) reaction and U2 3^ fission. The
precipitation of the fission products was carried out
by ether extraction. To separate out Np and to carry
out additional purification the uranium was precipita-
ted out of the fission fragments in a reducing medium
with 8-hydroxyquinoline in presence of t r i l o n B .

237
The half-life of the extracted U was found to be 6.5
days.
To measure the absolute number of p-decay events»
using a micropipette, 0.2 mg/cm of U was deposi-
ted on a thin film of cellulose nitrate (rainbow film).
The specific
The measured
reaction was found to be 11.24— 1.7 mbarns.

Eic (3-activity was 3900 pulses/min. 0. 1 mg.
j.red cross section for the U2 3^ (n, 2n) U

Starting from the known difference of the neutron spect-
rum at the exposure site as compared with the fission
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spectrum the cross section for the above reaction was esti-
mated in the fission neutron spectrum; This quantity was
found to be 17 + 3 mbarns.

1. Cohen, Annales dePhys. 7, 3-4, 185 (1952).

2. Leipunskii, A.I. Et al. , J. Atomic Energy 2, 6, 497
(1957).

404. ANGULAR DISTRIBUTIONS OF NEUTRONS INELASTICALLY
SCATTERED FROM SODIUM.
Shipley, E.N., Owen, G.E., Madansky, L.
Phys. Rev., Vol. 115, No. 1, July 1, 1959, pp. 122-126.

The angular distribution and total cross section for neutron
inelastic scattering proceeding to the first excited state in
sodium have been measured by observing the neutron-gamma
coincidences. The measured total cross sections for the
various neutron energies used are

at (3.49 MeV) = 370 - 120 mb, a (3.75 MeV) = 270 - 90 mb,

and at (4JQ0 MeV) = 280 — 90 mb.

The differential cross sections were found to be higher in
the backward than in the forward directions.

405. NOTE ON THE SCATTERIN G OF FAST NEUTRONS BY
We20.
Sikkema, C.P. (Rijksuniv. 3 Groningen, Netherlands).
Proc. of the intern. Congr. on Nucl. Phys., pp. 541-4(1959).

A few results about the scattering of fast neutrons by Ne in
the energy range 1.9 to 3.5 MeV are given in addition to re-
sults reported in an earlier paper on this subject. The to-
tal cross section reported previously is corrected for the
contribution of Ne to the measurements with the natural
isotope mixture. Re-measured and corrected angular
distributions for elastic scattering for neutron energies
between 1.89 and 2,05 MeV are presented. A careful ana-
lysis of the resonance at 1.94 MeV confirm the assignment
Do/-> r e P o r t e d in the previous paper.
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406. GAMMA RADIATION FROM THE INTERACTION OF 4.4-
MeV NEUTRONS WITH GERMANIUM AND TUNGSTEN.
Sinclair, R. M. (Westinghouse Research Lab.).

Phys.Rev. , Vol. 99, No. 1, J ly 1, 1955, p. 621.

Gamma radiation from samples of germanium and tungsten
bombarded by 4.4 + 0.1-MeV neutrons has been observed.
A single Nal (Tl) crystal, shielded from the direct neutron
beam by a "heavy Metal" wedge was used as the detector.
Germanium emits gamma rays of energy 0.52 + 0.02
(presumably annihilation radiation) 0.59 + 0.02*7 0.82 +
0.02, 103 +_ G.02, and 1.23 -f 0.05 MeV. The 0.59 and ~
0.82-MeV gamma rays correspond in energy to transi-
tion from known excited states of Ge and Ge , res-
pectively. Tungsten emits two discrete gamma rays, of
energy 0.63+ 0.02 and 0.75 + 0.02 MeV.

407. GAMMA RADIATI ON FROM THE INTERACTION OF 4,4
MeV NEUTRONS WITH VARIOUS ELEMENTS.
Sinclair, R. M.
AECU-3381. Compilation of Techn. Reports on the Subj.
of Fast Neutron Scattering, Part 1, pp. 62-64. (Westinghous
Research Report 60-94511-6-R6, 1955)

The gamma radiation from the interaction of 4. 4 MeV
neutrons with 10 polyisotopic elements Cr, Cu, Ge, Hf,
Pb3 Ni, Te, Ti W, Zn has been studied with a Nal (Tl)
spectrometer, using small samples of the materials
being tested. The results have been used in planning ex-
periments involving separated isotopes of these elements,
in order to make isotopic assignments of the observed gamn
rays. No previous study has been made of two of these ele-
ments,: germanium was found to emit gamma rays of energy
0.52, 0.59, 0.86, 103, and 1.23 MeV, and tungsten two dis-
crete gamma rays of energy 0.63 and 0.75 MeV.

408. GAMMA RADIATION FROM THE INTERACTION OF 4.4-
MeV NEUTRONS WITH Fe 5 4 AND Fe 5 6 .
Sinclair, R. M. (Westinghouse Research lab., East Pittsburg
Phys.Rev., Vol. 99, pp. 1351-2 (1955) Sept. 1.
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The gamma radiation from the interaction of 4. 4 + 0. 1
MeV neutrons with naturally occurring iron has been
compared with that from a sample enriched to 34 %
Fe-"4, The methods used for detection of gamma rays from
small sa.mples and the shielding of the Nal detector are
described. The results show that the wellknown 0.85-MeV
gamma ray comes from Fe^ , and that F e ^ emits a gam-g g
ma ray of energy 1.40 + 0.02 MeV. The ratio of the cross
section for production of this i.4Q-MeV radiation to that
cf the 0. 85-MeV is 0. 62 + 0. 07 at 4. 4-MeV neutron ener-
gy, and 0.68 +• 0.10 at 3.~9 MeV. The 1.40-MeV gamma
ray is tentatively assigned to the reaction Fe (n, n ' )
pe54 ^ y)Fe , and is believed to represent the de-ex-
citation of the first excited state.

409. GAMMA RADIATION FROM INELASTIC SCATTERING OF
FAST NEUTRONS BY ISOTOPES OF TELLURIUM, NICKEL
AND COPPER .
Sinclair, R. M. (Westinghouse Research Lab., Pittsburgh).
Phys.Rev., Vol. 102, pp. 461-4, (1956), Apr. 15.

Gamma radiation from 4.4+ 0. i -MeV neutron bombardment
of separated isotopes was observed with a single crystal
Nal(Tl) spectrometer. Gamma rays assigned to inelastic scat-
tering are (energies in MeV): Tei26, 0.68+ 0.02, 1.38 +
0.04; Te 1 2 8 , 0.76 + 0.02; Te 1 3 0 , 0.83 + 0"T02; Ni5 8 , J.0F
+ 0.01, 1.46 + 0.02, Cu63, Q.65 + 0.01,15.97 + 0.01, 1.34
+ 0.03, 1 .43+0.05; Cu65, 1. 12 + 0. 02, A t. J5 + 0. 02 MeV
— — An — —
y ray is assigned to Ni by elimination» Relative yields
of the gamma rays are given and their assignment to various
excited states of the target nuclei is discussed.

4t0. NUCLEAR ENERGY LEVELS EXCITED BY FAST NEUTRONS.
Sinclair, R. M. (Westinghouse Research Lab. , Pittsburgh).
Phys.Rev., Vol. 107, pp. 1306-10 (1957) Sept. 1,

Fast-neutron inelastic scattering has been studied in a number
of elements by observation of the de-excitation gamma rays with
a single-crystal Nal (Tl) spectrometer. Neutrons of energy
4. 4 i ^.1 MeV were used to bombard isotopically enriched
scatterers of Ti, Cr, Ni, Zn, Ge, and W and normal scatterers
of Cl, Sr, Nb, Nd, Sm, and Gd. The low-lying levels in Ti47,
I, and W are studied using neutron energies between 0.50 MeV
and 1.45 MeV. Energies and relative yields of the gamma rays
are given, and their assignment to various excited states is
discussed.

Previously unknown states were found in Ti , Cr , Zn , and
Ge74.
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41 i. SCATTERING OF 14-MeV NEUTRONS BY CARBON.
Singletary, J .B . , Wood, D.E.
Phys. Rev., Vol. 114, (1959), No. 6, pp, 1595-1599.

Differential and total cross sections have been determined
for scattering of 14. i-MeV neutrons from several levels
in carbon. The data were measurements of scattered neutrons
made by means of the proton recoil reaction in nuclear emul-
sion plates. The inelastic cross sections were 203 mb for
the 4.4-MeV level, 96 mb for the 9. 6-MeV level and 124 mb
for the unresolved higher levels. The'shape of the angular
distribution for the 4. 4-MeV level indicated the possibility
of some direct interactions. No significant amount of
scattering was observed due to the 7. 6-MeV level. The
elastic scattering angular distribution showed a forward
peaked diffraction type structure and yielded a cross section
of 805 mb. Comparison are made with other data on the
elastic and 4.4-MeV level scattering.

412. INELASTIC SCATTERING OF NEUTRONS FROM THORIUM-232.
Smith, A.B., (Argonne Nat. Lab.)
Bull. Am. Phys. Soc. , Ser. II, Vol. 5, p. 19 (I960).

The inelastic scattering of neutrons from thorium-232 was
studied using fast time of flight techniques. The incident
neutron energy range was varied for 300 kev to 1. 5 MeV in
150-kev increments,, The total inelastic cross section was
determined at each incident neutron energy. The inelastic
scattering process leaving the residual thorium nucleus in
the first excited (2+) state was examined in detail. The first
excited level was measured to be 49 I 2 kev above the ground
state. The differential cross section lor inelastic scattering
to this level 'was symmetric about 90 . The excitation of the
second (4+) thorium level at i 65 - 10 kev was also carefully
studied. In addition levels in the residual nucleus at 730 kev,
810 kev and 1100 kev (tentative values, accurate to t 50 kev
absolute) were found to be appreciably excited by the inelastic
scattering process.

413. SCATTERING OF FAST NEUTRONS FROM TUNGSTEN.
Smith, A.B., and Moldauer, P.A.
Bull. Am, phys. Soc. 5, 409 (I960).

Fast time-of-flight techniques are utilized to study the
scattering of fast neutrons from natural tungsten. The
incident neutron energy range extends from 0.3 to 1.5 MeV.
Inelastically scattered neutrons leaving the residual nucleus
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in the first excited state are studied in detail. The average
excitation energy of the first level is measured to be 120
kev. This "average" energy is shown to consist of contri-
butions from the even-even isotopes of natural tungsten.
The angular distribution of elastically scattered neutrons
is measured. The angular dependence of the cross section
for inelastic scattering to the first level in tungsten is
determined. Inelastic scattering resulting in the exitation of
higher residual nuclear levels including states at 350, 650,
and 950 kev is studied. The experimental results are compared
with theoretically calculated inelastic excitation functions and
angular distributions.

414. SCATTERING OF FAST NEUTRONS.
Smith, A.B. (Argonne Nat. L,ab.)
WASH-1031, 1961, p. 7.

Fast time of flight techniques have been utilized to study the
elastic and inelastic scattering of neutrons from natural
tungsten throughout the incident energy range 0»3 - 1.5
MeV. The cross sections for the excitation of residual
nuclear levels at 120, 350, 630, 750, 950, 1030 and 1130
kev have been measured as a function of incident neutron
energy. The results are shown in Fig. 4. All of the levels
can be related to known structure in the even-even isotopes
of the natural element. Some slight effects attributed to
the low abundance even-odd isotope W were recognized.
The angular distribution of elastically scattered neutrons
and inelastically scattered neutrons leaving the residual
nucleus in the first excitated state were measured at incident
energies of 500, 750, 1000 and 1300 kev. The inelastic
component was found to be isotropic in all cases. Theoretical
predictions based upon the compound nucleus average cross
section formula of Hauser-Feshbach type are shown as solid
curves in Fig. 4. In this work the optical model phase shifts
of Campbell, Feshbach, Porter and Weisskopf were employed
to calculate the neutron strength functions. The effect of
the deformation of the tungsten nucleus was estimated.

415 FAST TIME-OF-FLIGHT WORK.
Smith, A.
WASH-1026, 1960.

Angular distributions of 570 kev neutrons inelastically
scattered on the first excited state of Th232 and U .
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416. A CRITICAL SUMMARY OF MICROSCOPIC FAST NEUTRON
INTERACTIONS WITH REACTOR STRUCTURAL, FISSILE
AND FERTILE MATERIALS.
Smith, A.B.
Paper presented at IAEA Seminar on the Physics of Fast
and Intermediate Reactors, Vienna, August 1961.

Prevailing knowledge of fast neutron induced reactions
utilized in the nuclear design of reactor system is reviewed.
Principal emphasis is placed upon microscopic experimen-
tal methods, results and precisions. Fast neutron scattering
is considered in detail including the results of experimental
determinations of scattering from oxygen, iron, zirconium,
niobium, tungsten, thorium and uranium. Representative
results of experimental studies of fast neutron capture and
fast neutron induced fission are given. The measurements
discussed not only provide results of considerable applied
usefulness but are also examples of the application of
advanced experimental nuclear techniques. Areas of limited,
conflicting or non-existent experimental information are
outlined. A prognosis of future knowledge of fast neutron
reactions is made with emphasis on the fulfilment of reactor
requirements for basic nuclear data.

A review of inelastic scattering cross sections from specific
levels in Th, U 3 8 , W is presented.

Angular distributions are discussed.

417. THE SCATTERING OF FAST NEUTRON FROM Th
A.B. Smith (Argonne).
WASH-1033, August 29-31, 1961, p 3.

The elastic and inelastic scattering of neutrons from Th
is studied throughout the incident neutron energy interval
0.3 to 1.6 MeV. Fast time-of-flight techniques are utilized
in conjunction with an electromagnetic pulsing and bunching
system for the production of short and very intense neutron
bursts. The differential elastic cross section is determined
as a function of incident neutron energy. The cross sections
for inelastic scattering resulting in the excitation of residual
nuclear levels at 50 t 2, 170 t 10, 720 t 20, 790 + 20,
820 t 20, 1050 t 50, and 1150 t 50 kev are measured. The
angular distribution of inelastically scattered neutrons
resulting in the excitation of the lower two nuclear levels
is determined. The measured individual inelastic excitation
functions are combined to obtain the total inelastic scattering
cross section as a function of incident neutron energy. The
experimental results are compared with theoretical calcula-
tions of the Hauser-Feshbach type and with the results of
other experiments.
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418. FAST NEUTRON SCATTERING.
A. B. Smith (Ar gonne).
Wash-1034, December 4-5, 1961, p 3, Reports to the AEC
nuclear cross sections advisory group.

The angular distribution of neutrons elastically and inelasti-
caily scattered from T a. have been measured at ten incident
neutron energies between 350 and 1200 kev. Each, distribu-
tion was measured at ten or more angles.

238
Elastic scattering from U" has been examined in detail
from an incident energy of 350 to 1200 kev»

In conjunction with the above the elastic and inelastic angular
distributions of neutrons scattered from Nb, Zr, Crj Bi,
and u -* have been examined at selected energies below
1200 kev.

419. ELASTIC AND INELASTIC SCATTERING OF FAST NEUTRONS
FROM Th23^.
Smith- A. B. (Argonne)
The Physical Review, vol. 126, No. 2, April 1962, pp 718-725.

The elastic and inelastic scattering of neutrons from thorium
is studied throughout the incident neutron energy interval 0. 3
to 1.6 MeV. Fast time-of-flight techniques are utilized in
conjunction with an electromagnetic pulsing and bunching
system for the production of short and very intense neutron
bursts. The differential elastic cross section is determined
as a function of neutron energy. The cross sections for
inelastic scattering resulting in the excitation of residua]
nuclear levels at 50 t 2, 170 t 10, 720 t 20, 790 t 20,
820 t 20, 1050 1 50, and 1150 + 50 kev are measured. The
angular distribution of inelastically scattered neutrons resul-
ting in the excitation of the .lower two nuclear levels is deter-
mined. The measured individual inelastic excitation functions
are combined to obtain the total inelastic scattering cross
section as a function of incident neutron energy» The experi-
mental results are compared with the results of other measure-
ments.

420. SCATTERING OF 14. 1-MeV NEUTRONS IN HELIUM,
HYDROGEN, AND NITROGEN.
Smith, J.R.
Phys. Rev,» Vol. 95, p. 730, A\ig. i, 3 954.

Cloud-chamber studies have been made of the scattering of
14. i-MeV neutrons in helium, hydrogen» and nitrogen. For
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each of these gases the angular distribution of the elasti-
cally scattered neutrons has been obtained* The angular
distribution in helium shows a minimum at about 110 in
the center-of-mass system, with a large maximum repre-
senting forward scattering and a smaller maximum for
backscattering. The hydrogen angular distribution is
isotropic. Elastic scattering in nitrogen resembles diffrac-
tion scattering showing a strong forward scattering maximui
and smaller maxima at 70° and 180°, with minima close to
60° and 130°. Inelastic scattering cross section for nitrogen
is 0.82 barn and the inelastic scattering cross section is
0.48 barn. Cross sections for two- and three-particle
disintegrations are 270 and 16 millibarns respectively.

421. NEUTRON CROSS SECTION GROUP.
Stehn, J .R. , Goldberg, M. D. , Magurno, B.A. (Brookhaven
p. 7 (1961)

Most of the necessary detailed experimental data have been
collected by Goldberg for the revision of BNL 400, "Angular
Distributions". The format and manner of presentation of
the information have been decided upon. Although the book
will still depend principally upon graphs of cross sections
as angle, it will be quite different in appearance from the
original edition prepared 5 years ago. Publication in the
Spring of 1962 is planned. Revision of BNL 325, "Neutron
Cross Sections", will follow the appearance of the angular
distribution compilation.

422. INELASTIC SCATTERING CROSS SECTIONS OF NUCLEI
FOR 2.5 MeV NEUTRONS.
Strizhak, V.I. (Academy of Sci. , Ukrainian SSR).
Sov. Phys. JETP, Vol. 4, pp. 769-70 (1957) June.

The inelastic scattering cross sections for 2.5 MeV
neutrons were measured for the following materials: Na,
Mg, Al, P, S, Cl, Ca, Cr, Fe, Co, Ni, and Cu. The
results make possible the following conclusions: (1) the
inelastic cross sections fro 2.5 MeV neutrons for most
nuclei increase smoothly with mass number: and (2) nuclei

-having a magic number of nucleons have inelastic scattering
cross sections that are significantly smaller than neighborin
nuclei.
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423. ANGULAR DISTRIBUTIONS FOR ELASTIC SCATTERING OF
14-MeV NEUTRONS.
Strizhak, V.I., Bobyr, V.V.
Soviet Physics JETP, Vol. 14, No.2, February 1962,
pp. 225-227. J. Exptl. Theoret. Phys. (U.S.S.-R.) 41,
313-316 (August 1961).

We have measured the differential cross section for elastic
scattering of 14-MeV neutrons from carbon, nitrogen and
silver at angles from 20 to 140 and from molybdenum,
cadmium, and tellurium at angles from 15 to 160 . After
some necessary corrections have been made, the experimental
data are compared with cross sections calculated on the basis
of the optical model of the nucleus.

424. REACTION MECHANISM AND SHELL EFFECTS FROM THE
INTERACTION OF 14. 6 MeV NEUTRONS WITH NUCLEI.
P. Strohal, N. Cindro and B. Eman (Yugoslavia).
Nuclear Physics, Vol. 30, No. 1, February 1962, pp 49-66.

The total cross sections for (n, 2n), (n, p), and (n, a) reactions
have been measured for several nuclei around Z = 40 by
the activation method, and the predictions of compound nucleus
theory compared with the experiment. Pairing and shell
corrections have been used in the calculations. While the
cross sections for (n, 2n) reactions agree fairly well with
the statistical model, the (n, p) and (n, a) cross sections
were mostly below the calculated values, the discrepancy
being stronger for a emission. The impossibility of fitting
the data with the statistical model has been interpreted by
the presence of direct processes, whose influence was intensi-
fied by the Coulomb barrier.

Direct evidence for strong correlation between shell effects
and total reaction cross section has been found for nuclei
with neutron number N = 50. The cross sections for (n, 2n)
reactions show a minimum at N = 50, while the competing
(n, p) reactions show a strong maximum. The ratio er m/cr #
has been measured for several isomeric states. The cross
sections for (n, p) and (n, a) reactions for different isotopes
of the same element have been found to obey the general trend
of decreasing with increasing neutron number.

425. R*a£esr-enee withdrawn.
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426. INELASTIC SCATTERING OF 14-MeV NEUTRONS BY
SODIUM, IRON, NICKEL AND LEAD NUCLEI.
B.I. Sukhanov and V.G. Rukavishnikov
Atomnaya Energ., 11: 398-9 (Oct. 1961).

Making use of the tirne-o£-£light method, the inelastic scatter-
ing spectra of neutrons in the energy range of 0. 6 to 4. 0 MeV
were determined by bombarding natural isotopic mixtures of
Na, Fe, Ni and Pb with 14-MeV neutrons. The experimental
arrangement consisted of a pulsed, source, neutron detectors
and the apparatus needed for time-of-flight measurements.
The source was operated at a frequency of 500 hertz with
2.5 • 10 sec neutron pulses and a flight distance of 6 m;
a liquid xylene scintillator was used as detector. The spectra
were analyzed on a 128-channel amplitude analyzer. The
temperature, T, of the residual nucleus, calculated from the
relationship (dN/dE) Ee"^/^ , gave the following results;
Na, 0.97 t 0.09; Fe, 0.80 t 0.08; Ni, 0.79 ± 0.08; Pb,
0.75 + 0. 08 MeV. The data for Fe and Pb agree quite well
with available literature data.

427. ASYMMETRICAL DISTRIBUTION OF INELASTICALLY
SCATTERED 1-5 MeV NEUTRONS.
Szteinsznaider, D. , Roclawski-Conjeaud, M.»
Naggiar, V.
J.-dePhys., et le Radium, Vol. 19, Jan. 1958,
pp. 54-55.
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The inelastic scattering of neutrons at energy of a few
MeV by I is asymmetric about 90°. This asymmetry at
slow variation with incident energy shows a contribution
of direct interaction.

428. PLAUSIBILITY OF A NONLOCAL OPTICAL MODEL.
Tang, Y.C. , Lemmer, R.H. , Wyatt, P . J . , Green, A.E.S .
Phys. Rev., Vol. 116, No. 2 (1959), pp. 402-406.

The implication of a simple two-kernel form of nonlocal
potential is considered in the nuclear matter approximation.
It is shown that this leads to a wave equation with a complex
reduced mass. The parameters characterizing the real part
of the optical potential are found to be in reasonable accord
with expectations from two-body forces. The parameters
associated with the imaginary part are handled only pheno-
menologically. A description is found which works quite
well in the energy range 0 to 25 MeV. The results of this
study compares favorably with the corresponding results
of an investigation with a nonlocal model for finite nuclei.

429. THE PRESENT STATUS OF MEASUREMENTS OF THE
FAST NEUTRON CROSS SECTION.
Taschek, R.F. (Los Alamos Sci. Lab., N. Mex.).
TID-7547. p. 14-18 of the Intern. Conf* on the Neutron
Interactions with the Nucleus Held at Columbia Univ. Sept,
9-13, 1957, 5p.

The status of neutron cross sections in the energy range
1 kev to 25 MeV is discussed. Those areas of research
of interest to applied and/or theoretical work are con-
sidered where either almost no measurements exist or no
methods of measurement exist. The areas considered are:
absolute flux determination, fast neutron fission cross
sections, elastic scattering and nonelastic collision cross
sections gamma-ray spectrum following fast neutron inter-
action, (n, 2n), (n, p y), (n, a) reactions, and neutron
source technology.

430. NONELASTIC SCATTERING CROSS SECTIONS FOR FAST
NEUTRONS.
Taylor, H. L. , Lönsjö, O., Bonner, T.W. (Rice Inst. ,
Houston, Tex.).
Phys. Rev., Vol. 100, pp. 174-80 (1955), Oct. 1.
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Measurements have been made of the nonelastic cross
sections of neutron in Be, C, Al, Ti, Cr, Fe, Ni, Cu,
Ag, Sn, Pb, and Bi. These cross sections include all
processes except elastic scattering. The experiments have
been carried out with monoenergetic neutrons of 3.5, 4.7,
7.1, 12.7, and 14.1 MeV. The neutrons were produced
with a Van de Graaff accelerator using the nuclear reac-
tions: T3, (p, n) He3, D (d, n) He3, and T3 (d, n) He4.
Cross sections were determined from transmissions through
spherical shells which were 3. 8 cm in radius and 2 cm thick.
A new type of neutron detector which gives energy informa-
tion about neutrons and is insensitive to y radiation was
placed at the center of the spherical shell and was used as
a biased detector of neutrons. The results of these experi-
ments show that the nonelastic neutron cross section for
12.7- and 14.t-MeV neutrons is nearly geometrical and
is closely approximated bycr = ft (R + 7) » where R =
i.4 x 10~*3 A^ 3 . The nonelastic cross sections are roughly
constant in the energy range 5 to 14 MeVj below about 5 MeV
the cross sections begin to decrease. The elastic cross
sections can be obtained by subtracting the nonelastic cross
sections from the total cross sections. The variations with
energy of the nonelastic and elastic cross sections are
quite different. Data with 12.7-MeV neutrons and low counter
bias give the relative number of y rays given off per in-
elastic collision of these neutrons. The number of y rays
decreases rapidly with increasing atomic number and there
are less than 5 % as many y rays from Bi as from Al, Ti,
Cr, and Fe.

431. EXCITATION FUNCTIONS OF FAST NEUTRON INDUCED
REACTIONS.
Tewes, H.A., Caretto, A. A., Miller, A. E. , Netheway, D.R.
UCRJL.
BNL-653 (N-3) Newsletter No. 3, Feb. 1961.

24 24 27' 24
Among the reactions are Mg (n,jpi Na ; Al (n»a) N | ;
Rb85 (n/2n) Rb*\ Rb87 (n, 2n) Rb*6; Y8<? (n, p) Sr W , Y89

Rb86; Y89 (n, 2n} Y H Nb?3
 ( n , a ) Y 9 \ ^ 9 3 ( 2n)

Aui96m> Au19&gj Pb 2 0 4 (n,2n) Pb2"3 , and Th232 (n, 2n)
Th 2 3 i . The results for Th232 (n, 2n) Th2 3 i are given in the
table: (errors are about T 20 %)

„ ~, (mb)
En (f n, 2nv ;

8.4 1420
9.1 1500
9.8 1440

10.4 1600
11.0 2100
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-> (mt>)
En cr n, 2nv '
11,5 1840
12.1 1690
12.3 1630
13.0 1750
13.9 1490
14.0 1330
14.5 1400
15.1 , 980

432. GAMMA RAYS FROM INELASTIC SCATTERING OF 14 MeV
NEUTRONS IN C12 AND Olb.
Thompson, L..C.» Risser, J.R.
Phys/Rev. , 94, (1953) 941-943.

A Nal scintillation spectrometer has, been used to study
the gamma rays produced by the inelastic scattering of
14-MeV neutrons in carbon and oxygen. The scattering
material was placed around the neutron source with the
gamma-ray detector, outside the scatterer. A gamma
ray from the 4. 43-MeV level in C ^ was obtained with a
cross section about 0.3 barn. Gamma rays from the known
level at 6.13 MeV and levels close to 7 MeV were obtained
from O^6 with a total cross section of about 0.2 barn.

433. SCATTERING OF FAST NEUTRONS BY MAGNESIUM AND
BISMUTH.
Thomson, D,. B . , Cranberg, L. <, and Levin, J .S.
Bull, of the Am. Phys. Soc, 3, p. 364(1958).

The scattering of fast neutrons by Mg has been studied for
incident energies of 2.0, 3.0, 4.0, and 5.0 MeV. Angular
distributions have been obtained for elastic scattering and
for the inelastic neutrons due to excitation of the 1.37-MeV
level in Mg . The pulsed-beam time-of-flight technique
was used to identify the neutron groups. The differential
elastic and inelastic cross .sections were determined at
each energy by comparison with the differential n-p scatter-
ing cross section. The total inelastic cross sections are
0. 16+ 0.05, 0.47 + 0.006, 0.59 t 0.07, and 0.52+0.10
barn, corresponding to the four energies listed. The angular
distributions for the inelastic scattering show some departures
from isotropy but do not indicate the large variations pre-
dicted by direct interaction models. A similar remark
applies to results obtained on Bi ' at 2,82 MeV where the
neutron yields corresponding to excitation of the 0*90- and
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1.56-MeV levels were observed. The ratio of yields at
20° to those at 157° differed from unity by less than
30 % for both levels, in disagreement with earlier results.

1 S. Yoshida, Progress Theoret, Phys. (Kyoto) 19, 169
(1958); K. Ford and N. Glendenning (private communica
tion).

2 Kern, Shelton, and Snedegar, Bull. Am. Phys. Soc« Set
II, 3, 268 (1958).

434. ENERGY DISTRIBUTION OF FAST NEUTRONS 5CATTERE
INELASTICALLY BY INDIUM, ANTIMONY, NIOBIUM,
IODINE, AND THALLIUM.
Thomson, D.B. and Cranberg, L.
Bull, of the Am. Phys. Soc. 4, p. 258 (1959).

The energy distributions of fast neutrons scattered inelasti-
cally by In, Sb, Nb, I, and Tl have been observed at 9-0°-
for an incident neutron energy of 4.0 MeV. The pulsed-bear.
time-of-flight technique was used to measure the neutron
energies. The spectra of inelastically scattered neutrons
could be observed with reasonable accuracy in the range
of 0.5 to 3.0 MeV. Preliminary attempts have been made
to fit the data using the nuclear temperature concept. Plots
of In (!/E)dN/dE vs E indicate a reasonably linear fit in
the energy range of about 0. 6 to 2. 0 MeV, then an excess
of neutrons for energies above 2.0 MeV. The temperatures
indicated by these fits are

Element In Sb I Tl
Temperature O.38to.O4 O.39to.O4 0.39t0.04 O.7to.

(MeV)

Similar data have been taken for an incident energy of 0. 7
MeV. Results obtained at this energy, as well as results
of further analysis of the 4. 0-MeV data, will be presented,

1 Hans Bethe and Philip Morrison, Elementary Nuclear
Theory (John Wiley and Sons, Inc., NewYork, 1956),
second edition.

435. INELASTIC NEUTRON SCATTERING.
Thomson, Cranberg.
WASH-1028, i960.

4, 5, 6, 7, MeV neutron temperatures and inelastic cross
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sections (90 ), elements Al, V, Mn, Fe, Cu, As, Se,
Sr, Nb, In, Sb, I, La, Ce, Ta, W, Au, TI, Bi, Pb.

436. NUCLEAR LEVEL DENSITIES AND REACTION MECHANISMS
FROM INELASTIC NEUTRON SCATTERING:
Thomson, D.B.
Los Alamos Scientific Laboratory, Thesis i960.

The continuous spectrum of fast neutrons scattered in-
elastically by each of twenty elements has been observed
at an incident energy of 7.0 MeV. The elements range in
mass number from 26 to 209. The neutron spectra were
observed in the range of 0. 5 to 4. 0 MeV. These data made
possible a measure of the systematic variation of nuclear
level density with mass number at an average excitation
energy of about 6.0 MeV. Similar observations were made
for many of the same elements at one or more lower values
of incident energy ranging from 4. 0 to 6.0 MeV. These
additional observations made possible a quantitative deter-
mination of the effect of reaction mechanisms on the observed
spectra, and made possible a measurement of the variations
of level density over a wider range of excitation energy.

Angular distributions of the continuous spectra of 5. 0 MeV
neutrons scattered inelastically by niobium and indium were
measured. Similarly, angular distributions of the discrete
spectrum of neutrons scattered inelastically due to,excitation
of the first excited state of Mg were observed at incident
energies of 3.0, 4.0, and 5.0 MeV. These angular distribu-
tions provided additional information on the relative roles
of various possible reaction mechanisms.

The results of the measurements are the following: (i)
Compound nucleus formation is the predominant reaction
mechanism but direct interaction plays a significant role.
(2) The inferred variations of nuclear level density indicate
that the nuclear entropy varies with the excitation energy
either linearly, as the square root, or in some intermediate
fashion, apparently depending on the shell structure of the
nucleus in question. (3) The inferred variations of nuclear
level density with mass number indicate that this quantity
increases with mass number in the regions between closed
shells but goes through significant minima near and at closed
shells. (4) The effects of pairing energy are significant at
the excitation energies studied.

437. INELASTIC NEUTRON SCATTERING - NUCLEAR TEMPERATURES.
Thomson, Cranberg.
WASH-1031, 1961, p. 32.
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An article is being prepared for publication. Use of the
level density expression

exp « (2 \l aE ) (i)

E "

Implies

a = E • i + | (2)

This compares with the relations

a = E ( 3 )

which corresponds to the level density

W (E ) = Const exp (2 V aE ). (4)

Use of Eq. (2) given "a" values about 30 % higher than
those obtained from Eq. (3) for the twenty elements are
studied, but has not qualitatively changed the conclusions
reached concerning shell effects, nuclear "melting", or
reaction mechanism.

438. SIMPLE MODEL FOR GIANT RESONANCE EFFECTS IN
NUCLEAR REACTIONS.
Tobocman, W., Bilhorn, D.E.
Phys. Rev., Vol. 115, (1959), No. 5, pp. 1275-1277.

A simple model for the scattering of s-wave neutrons is
discussed. The scattering interaction is a square-well
potential modified by allowing transmission through the
origin to a mode of motion characterized by many narrow
resonances. When the coupling out of the incident channel
is weak, the cross section is found to have a resonant part
which shows the giant resonance behavior observed in
nuclear scattering»

439. CALCULATING NEUTRON CROSS SECTIONS OF TUNGSTEN
IN AN OPTICAL MODEL OF THE NUCLEUS.
Tolstikov V.A., Kolesov V.E. and Stavinskii V. S.
Atomnaya Energiya* vol. 11, No. 1, July, 19 61.

The model of a complex potential, despite its simplicity,
was very successful in describing the reaction of neutrons
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with atomic nuclei. However, this model is only appli-
cable for calculating the complete cross section of reac-
tion <r £, averaged over a large number of resonances of
the fine structure. Therefore of interest for the theory
of the nucleus and in the calculation of nuclear reactors is
the possibility of obtaining with this model separate compo-
nents of a complete cross section, in particular the cross
section of inelastic scatter or ̂ n and the neutron radiation
capture cross section <x .* n, y

440. ANGULAR CORRELATION OF THE NEUTRONS EMITTED
FROM THE REACTION Be9 (n, 2n)Be8.
Torki, B . , Winter, K. , Rémy, E.
Compt. rend. 246, 3047-50 (1958) May 28.

The angular correlation of the neutrons with energy higher
than 500 kev emitted in the reaction Be ' (n,2n)Be° was
measured. The maximum correlation, obtained at 60°,
was 20 %.

441. TOTAL AND INELASTIC SCATTERING CROSS SECTIONS
IN SODIUM.
Towle, J .H. , Gilboy, W.B.
BNL 672 (n-4) Newsletter No. 4, May 1961.

Total and inelastic scattering cross sections have been
obtained by time-of-flight techniques for Na^^. Total
cross sections were measured from 0.775 to 4.07 MeV}
inelastic scattering data from 0.55 MeV to 2.01 MeV.
Neutron energy spreads are 90 kev at 1 MeV» 65 kev at
2 MeV, 50 kev at 3 MeV, and 45 kev at 4 MeV.
Representative data are listed below (inelastic data read
from curve drawn through author 's points).

or (barns) o- (barns)
E (MeV) n,n ' T
0.55 0.066 + 13 %
0.64 0.196 t 6 %
0.775 0.310 i 6 % 6 . 1 8 * 3 %
0.800 0.325 * 6 % 5 . 3 7 + 3 %
0.900 0.340 1 6% 4 . 4 0 * 3 %
0.995 0.395 i 6 % 3.20 * 3 %
1.095 0 . 6 0 5 * 6% 4 . 1 1 * 3 %
1.190 0.630 t 6 % 3 . 2 6 * 3 %
1.320 • 0.475 I 6 % 3 . 0 6 * 3 %
1.390 0.380 t 6 % 2.80 * 3 %
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1.500
1.675
1.830
1.890
1.980
2.090
2.190
2.300
2.52
2.810
3.02
3 250
3.505
3.756
3.990

Inelastic scattering cross sections obtained previously
by Freeman and Montague (Nucl. Phys., 9, 181 (1958)
from the 448 kev y -ray production are in fair agreement
with these results.

The total cross section data between 1 and 2 MeV are of
particular interest, since there are no previous data
covering this region.

A paper on this work by Towle and Gilboy is in preparation.

442. NEUTRON SCATTERING BY SODIUM.
'Towle, J . , Gilboy, W.B.
NRDC 135. EANDC/U.K./iO ' UJ . Progr. Report to the
U.K. Nucl. Reactor Data Committee, May 1961, Ed. by
A.T.G. Ferguson.

The time-of-flight technique has been used to study neutron
scattering by sodium up to 4 MeV incident neutron energy.
The following information has been obtained.

(a) Differential elastic and inelastic cross-sections between
30° and 137° at 1.0 MeV, 1.5 MeV, 2.5 MeV, 4.0 MeV.
At 1.5, 2.5 and 4.0 MeV energies the inelastic scattering
to the 0.44 MeV level is isotropic in the C M . system
while at 1 MeV it is symmetrical about 90° the ratio
of intensities at 0° and 90° being 1.5. At 4.0 MeV, three
inelastic groups, with Q= -2.078, -2.67 and -3.00 MeV,
are resolved at all angles, and all are isotropic in the
C M . system. A group corresponding to the 2,39 MeV
level is partially resolved at angles > 120 and the yield
of this group is 0.4 i 0. i of that corresponding to the
2.08 MeV level. The cross-sections are measured
relative to the (n,p) cross section by comparison with
the scattering by polythene samples. Correction for
flux attenuation in the samples and multiple scattering
are applied with the aid of a Monte Carlo computer
programme.



72 -

Figure 1 shows the resu l t s obtained at 1.5 MeV neutron
energy.

(b) An excitation curve for the 0-44 MeV 7 - r a y from 0,5
to 2. 0 MeV (shown in figure '2), in which range it
r ep resen t s the total inelast ic c r o s s - s e c t i o n . At 1.5
MeV the angular distr ibution o£ this f - r ay was of the
form Po + 0.14 P^ (cos 9) , A measurement of the
anisotropy of the Y - ray at 1,3, 1« 5, and 1. 7 MeV
gave values for °"Y (137°) of i . O i , 1.13, and 0 ,98 ,

°"Y ( 90°)
showing a. marked change of angular distribution with
energy.

(c) The total cross-section has been obtained by trans-
mission measurement, accurate to - 3 % over the
range 0. 8 to 4 MeV. The values are 10-20 % lower
than those of Meier et al. quoted in BNL 32 5.

443. NEUTRON SCATTERING BY ALUMINIUM AND IRON.
Towle, J. , Gilboy, W.B.
NRDC 135. EANDC/U.K./iO ' U* . Progr. Reports to the
IJ\K. Nucl. Reactor Data Committee, May 1961, Ed.

by A.T.G. Ferguson.

Measurements similar to those made on sodium have now
been started on these elements. So far, differential mea-
surements have been made at 2 MeV. In the case of A.1,
the 0.84 and 1.01 MeV levels are partially resolved at
backward angles.

444. NEUTRON INELASTIC SCATTERING BY Na23,
Towle, J.H., Gilboy, W.B.
Paper presented at IAEA Seminar on the Phys, of Fast
and Intermediate Reactors, Vienna Aug. 1961.

A programme of measurements of the neutron scattering
cross-sections of materials of importance in fast reactors
for neutrons of energies up to 4 MeV is in progress at
AWRE. The time-of-flight technique is used. In this paper
detailed results are presented for Na up to 2 MeV.

Differential cross-sections have been measured for the
elastic and inelastic scattering of 1. 5 MeV neutrons by
Na . The results were corrected for multiple scattering
and other effects due to the finite size of the Na metal
sample, using a new Monte Carlo computer programme.
The sum of the integrated cross-sections is in agreement
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with the total cross-section measured by transmission
with the same apparatus. The variation of the cross-
section for inelastic scattering was obtained over the
incident neu ron energy range 0.5 to 2.0 MeV by measuring
the yield of 0.44 MeV y -rays at an angle of 125° to the
incident neutron flux. At this angle the 7 -ray yield is
proportional to the to.al inelastic cross section for an
angular distribution of the form 1 + A P£ (cos 9) which
is expected for this transition. The angular distribution
of y -rays was found experimentally to be 1 + 0. 14 7?%
with 1.5 MeV incident neutrons. The inelastic cross-
section cxirve was normalised at 1.5 MeV to the value
obtained by observing the neutrons. The overall errors
on the points are - 6 %.

445. THE INTERACTION OF NEUTRONS WITH SODIUM IN THE
ENERGY RANGE 0.5 TO 4 MeV.
Towle, J .H. , and Gilboy, W.B.
Nucl. Phys. 32 (1962) 610-636.

23The total neutron cross section of Na has been measured
from 0.8 to 4.0 MeV and the inelastic scattering cross
section from 0.5 to 2,0 MeV. Differential cross sections
are given for both elastic and inelastic scattering at 0.98,
1.50, 2.515 and 3.97 MeV. At 1.50 MeV the angular
distribution of the 0.44 MeV 7-rays was obtained» The
data at 3.97 MeV compare satisfactorily with the predic-
tions of the optical model and the Hauser-Feshbach theories,
and some inference on the possible spins of the 2.39 and
2.64 MeV levels has been made.

on

446. STATES IN Y EXCITED BY THE (n, n "y) REACTION.
Trehan, P.N. , Shafroth, S.M., Van Patter, D.M.
Bull. Am. Phys. Soc. 7 (to be published).

Gamma ray spectra arising from the neutron bombardment
of an Y° ' ring have been studied for neutron energies from
1.0 to 3.4 MeV. The region from En = 2.0 - 3.4 MeV has
been investigated for the first time in this work. Gamma
rays of 0.72, 0.915, 1.33,1.52, 1.64, 1.75, 2.87, and
3.10 MeV ("t 1 %) have been observed. Their energies and
production thresholds fix the positions of seven levels in
Y89 to 1 %. No evidence was found for a level at? .01 MeV.
All of the observed J rays are ground state transitions
except the newly found 7 rays of 0.72, 1.33, and 1.64 MeV.
The 0.72- and i.64-MeV'7 rays originate from levels in
Y89 at 2.24 and 2.55 MeV respectively. The 1.33-MeV 7 -



- 174 -

ray originates from the 2.24-MeV level if 2.2<En<2,8
MeV and possibly from the 2. 87-MeV level if En>2.8 Mev.
Possible spins for various levels in Y° ' based on the
observed y -ray production cross sections and the compari-
son with Hauser-Feshbach calculations will be discussed.

447. FAST NEUTRON CROSS SECTIONS OF IRON, SILICON,
ALUMINIUM, AND OXYGEN.
Troubetzkoy, E.S.
NDA 211 i -3 , Volume C, i . Nov. 1959.

A set of neutron cross sections for iron, silicon, aluminum,
and oxygen has been prepared for energies up to 18 MeV. The
cross sections tabulated include Q> rp , crnn'» °~nx' ^ ny »
(Tnn^E.E"), cr n n ' y (EjE?), <rn2n, and cross sections for
charged particle emission.

448. FAST NEUTRON CROSS SECTIONS OF MANGANESE , CALCIUM,
SULPHUR,AND SODIUM. Final Report Covering the Period
Dec. i, 1959 - Dec. 31, i960.
Troubetzkoy, M.H., Kalos, H., Lustig, J .H. , Ray, H.J»,
Trupin, B.H.
NDA-2133-4. Jan. 31, 1961, 73p.
(NDL-TR-5).

A set of neutron cross sections for manganese, calcium, sulfur,
and sodium was prepared for energies up to 18 MeV. The cross
sections tabulated include O"T, O" »O7 ' » CT »<r » c ,
% a ' 'n .Zn ' ^ n ^ 0 ) ' r n n ' (E, E)1 and c r ^ (E , E ) 7

449. INELASTIC SCATTERING OF NEUTRONS BY THE TIME-OF-
FLIGHT METHOD.
Tsukada, K., Tanaka, S., Maruyama, M. (Japan Atomic
Energy Research Inst. , Tokai-mura, Ibaraki-ken).
J. Phys. Soc. of Japan, Vol. 16, No. 2, Feb. 1961, pp 166-175.

Neutrons scattered by Ti, Fe, Zn and Se have been observed
by the time-of-flight technique in the energy range of 3.4 to
4. 6 MeV. The inelastic scattering cross sections for the
excitations of the 1st, 2nd, and 3rd levels of these elements
except Se, were obtained. The excitation functions of these
levels were compared with those calculated wich a formula
which was made by modifying Hauser-Feshbach's formula
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so as to be used without detailed knowledge about the levels
of high excitation.

Agreement was fairly good except for the case of the 2nd
and 3rd levels of Zn, where calculated values were about
twice as large as experimental values. Thus it has been
concluded that the compound formation process is con-
sidered to predominate over the direct process in these
energy and mass regions»

450. ANGULAR DISTRIBUTIONS OF FAST NEUTRONS SCATTERED
BYA1, Sis P} S, AND Zn.
Tsukada, K. } Tanaka, S. , Maruyama, M. - Tomita, Y.
Paper presented at IAEA Seminar on the Phys. of Fast
and Intermediate Reactors, Vienna, Aug. 1961.

Differential scattering cross sections of Al, Si, P} S, and
Zn for fast neutrons have been measured in an energy range
of 3.4 to 4e6 MeV by using the time-of-flight method. Angular
distributions of the inelastically scattered neutrons are
nearly isotropic m all cases. These results are discussed
on the basis of Hauser-Feshbach 's theory.

451. C i2(nsn) 3a REACTION INDUCED BY 14,8 MeV NEUTRONS.
Tsuneola, Y. •
Journal of the Physical Society of Japan, Vol. 14, No» 7,
July (1959).

12
The probable mechanism of the C (n4 n"̂  3a reaction when
induced by d-T neutrons has been deduced from a study of
403 stars in nuclear emulsions. The angular distribution
of the inelastically scattered neutrons show a forward peak;,
and it is concluded that the reaction occurred mainly through
the compound nucleus and that the asymmetry at aboui 90
is caused by the interference of several Levels. The possible
decay mode of the C nxxcleus was also investigated, and
an approximate branching ratio was obtained, assuming that
the decay mode via Be' was negligible. Then, comparing the
angular distributions of the inelastically scattered neutrons
which correspond to the different decay modes, Sacks " s
model for the direct break-up of C ^ was found to be in
disagreement with the present experimental results.
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452. INELASTIC SCATTERING OF NUCLEONS BY ASYMMETRICALLY
DEFORMED NUCLEI. A Comment on the Structure of Medium
Weight Nuclei.
Ui, H.
Nucl. Phys., Vol. 15* (I960), No. 3, pp. 495-500.

The inelastic scattering of nucieons by direct excitation of
nuclear rotational states is investigated» in which the target
nucleus is described by an asymmetric top wave function
as recently proposed by Davydov, and Filipov» Thena in
even nuclei, not only the first rotation state, but also another
2 rotation state can be excited by the first order direct
interaction. The cross sections to these two states are
presented as functions of the deformation parameters (3 and
y of A. Bohr-» Brief discussions are also added in connec-
tion with the vibration model. It is pointed out that the
measurement of these cross sections and angular correla»
tions between emitted nucieons and y-rays would provide
means for determining the structure of medium weight
nuclei.

453. NUCLEAR STRUCTURE AND DIRECT INTERACTION IN
NUCLEAR REACTIONS.
Ui3 H. (Tokyo Univ.)
JAER1-4016, pp. 84-5, 1961.

The differential cross section for the inelastic scattering
of nucieons was obtained by the asymmetric rotator model of
Davydov-Filipov for various values of the deformation para-
meter. Two cases were considered in which the reaction led
to the first 2 excited state or the second 2 excited» If the
asymmetric rotator model is valid, the angular correlation
of the inelastically scattered nucieons will be similar for the
two cases. The vibrational model predicts distinct angular
correlations for the two cases. The predictions by the two
models about the reactions leading to higher excited levels
are also briefly discussed.

454. COMPARISON OF THREE EQUATIONS FOR THE SPACING
OF NUCLEAR LEVELS .
Varshni, Y-P.
Nuovo Cimento, Vol. 22? 145-157, (1961).

Equations of Bethe, Weisskopf and of Lang and Le Couteur
for spacing of nuclear levels are compared using experimen-
tal daLa for 40 nuclei - Bethe ' s equation gives the best results.
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455. MEASUREMENT OF THE NEUTRON SPECTRUM IN THE
AREA BELOW 0.5 MeV BY MEANS OF THE TIME-OF-
FLIGHT METHOD.
Vasil'yev, Y.A., Zamyatnin, Y.S., Toropov, B.V.»
Fomushkin, E .F .
Atomn. Energ., 3, 542-4(1957).

By the use of an impulse source of neutrons the secondary
neutron spectrum obtained by passing 14-MeV neutron
through layers of uranium was measured. A fission chamber
connected with a 30-channel analyzer was used as a neutron
detector. The distance between source and detector was 6 m.
The energy spectrum was obtained for 2.7 - cm layers of
U235 , 2.5-cm layers of U2 3 8 and 8-cm layers of U238» The
spectra obtained from the first two layers originate from a
simple interaction between 14-MeV neutrons and the uranium
nuclei. It can be assumed that, in the energy range measured,
the secondary neutrons originate by evaporation from the
excited compound core. In the last layer the production of
a higher number of slow neutrons was observed. These are
the results of a multiple inelastic interaction which confirms
the existence of low-lying levels in the U 3° nucleus.

456. DISSOCIATION OF C12 INTO THREE ALPHA PARTICLES
INDUCED BY FAST NEUTRONS.
Vasil'ev, S.S., Komarov, V.V., and Popova, A.M.
Soviet Physics JETP, Vol. 6 (33), Number 6, June (1958)
pp. 1016-1018.

Experimental results are given on the excitation energy of
the C*2 nucleus after C (n, n ' ) reactions at incident
neutron energies 9-H MeV, 11-14 MeV, 14-17 MeV, and
17-19 MeV. Angular distributions of the inelastically
scattered neutrons are presented for 18-19 MeV and
13-14 MeV incident neutrons.

457. CONTRIBUTION A L* ETUDE DU MODELE OPTIQUE
DU NOYAU.
Verlet, L.
Ann. dePhys, , Vol. 4(1959), Del. 4, pp. 643-687.

Le modele optique des reactions nucleaires.

Deduction formelle du modéle optique en théorie des
perturbations.

Les fonctions d'onde et les potentiels utilises.
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Calcul du potentiel optique dans les deux premieres
approximations de Born.

Resultats numeriques.

Coherence de la methode et role du principe de Pauli.

458. ELASTIC AND INELASTIC SCATTERING OF 4. i MeV
NEUTRONS FROM Ca, Mo, Sb, Ba, AND Hg.
Vincent, D. , Morgan, I .L . , Prud liomme, J .T.
WADD TR 60-217.

An investigation of the interaction of 4. t MeV neutrons
with calcium, molybdenum, antimony, barium, and
mercury has been performed. In this investigation the
following determinations have been made:

a. The angular distributions of the elastically scattered
neutrons from Ca, Mo, Sb, Ba, and Hg.

b. The angular distribution of the inelastically scattered
neutrons for Mo, Sb, Ba, and Hg.

c. Energy distributions at 90 for Ca, Mo, Sb, Ba, and
Hg.

d. Nuclear temperatures for the residual nucleus of Mo,
Sb, Ba, and Hg.

e. Total, elastic, and non-elastic cross sections for Ca,
Mo, Sb, Ba, and Hg.

4 59. STATISTICAL ASPECTS OF THE NUCLEUS.
Vogt, E.
BNL-331 (1955).

Compilation of known data on level spacing as function of
mass number.

460. INELASTIC TRANSFER CROSS-SECTIONS FOR GNU.
MULTIGROUP CODE.
Vuylsteke, A.A.
GMR-116.

The calculation of inelastic, group-transfer cross sections
for use with the IBM-704 GNU code is described. Among the
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materials for which cross sections were calculated are
Cr} Fe, Nis U235* and UZ .

461. SCATTERING OF i-MeV NEUTRONS BY INTERMEDIATE
AND HEAYY ELEMENTS.
Walt, M. s Barschalls H.H. (Univ. of Wisconsin, Madison,
Wisconsin).
Phys. Rev. , Vol. 93, No. 5, March t, 1954, pp. 1062-1068.

Differential cross sections for elastic scattering of 1-MeV
neutrons from 28 intermediate and heavy elements were
measured at intervals of 15° from 3 0° to 150°. The angular
distributions of neutrons scattered by neighboring elements
having similar shapes, while those of elements with
appreciably different atomic weight show marked differences»
For all elements forward maxima were found, and elements
with atomic weight below 140 exhibit additional maxima for
scattering through 180 ,. Maxima at about 110 were observed
for elements with atomic weight near 200. From the elastic
scattering cross sections, inelastic collision cross sections,
and transport cross sections were obtained.

462, INTERACTIONS OF 4. 1-MeV NEUTRONS WITH NUCLEI.
Walt, M. , Beyster, J.R.
Phys. Rev., Vol. V8, No. 3, May 1, 1955, pp. 677-684»

The differential cross sections for elastic scattering of
4.1-MeV neutrons by Be, C, Al, Ti, Fe, Zn, Zr, Cd, Sn,
Ta, W, Au, Pb, and Bi were measured using a biased
scintillation detector with thresholds at about 2.0, 2,6,
and 3.2 MeV. Multiple scattering corrections were made by
an approximate method, the accuracy of which was investi-
gated by Monte Carlo calculations. Inelastic collision cross
sections were computed from the data. The experimental
results are compared with theoretical cross sections cal-
culated using the complex-square-well potential of Feshbach,
Porter, and Weisskopf.

463. ANGULAR DISTRIBUTIONS AND NON-ELASTIC NEUTRON
SCATTERING.
Walt, M. (Los Alamos).
Geneve 1955, Vol. II, pp. 18-22. P/588.

Survey of available experimental data.
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464. ELASTIC AND INELASTIC SCATTERING OF NEUTRONS.
Walt, M.
Proc* Intern. Conf» on Nucl. Struct., Kingston^ Canada,
Aug. 29 - Sept. 3, i960, pp. 146-56.

465. ANGULAR DISTRIBUTIONS OF SCATTERED NEUTRONS.
Walt, M.
Fast Neutron Phys., Part II, Ed. by Marion and Fowler,
Interscience Publishers 1961.

466. SCATTERING OF 4.4 MeV NEUTRONS BY ZIRCONIUM.
Weddell, J .B . , Jennings, B. (Westinghouse Research
Lab.)
AECU-3387. Compilation of Techn. Report on the Subj.
of Fast Neutron Scattering, Par t i , pp. 10-18. (Westing-
house Research Report 60-94511-6-Rl, 1954).

A scatterer of zirconium was bombarded by 4.4 MeV
neutrons, and the spectrum of scattered neutrons was
measured by the proton recoil photographic plate technique.
The energies of one and possibly two excited states in Zr
were measured. The differential elastic and inelastic cross-
sections, for scattering at 90 , were also estimated. The
values obtained were: elastic 0.150 - 0.035 barn/steradianj
2.20 MeV level, 0.014 t 0.006 barn/steradian; possible
2.8 MeV level, 0.012 t 0.006 barn/steradian. The results
are compared to the theory of Feshbach, Porter, and
Weisskopf.

467. SCATTERING OF 4.4 MeV NEUTRONS BY C, Ca, Fe, AND
Zr.
Weddell, J.B.', Jennings, B. (Westinghouse Research Lab.)
Hellens, R. L. (Westinghoiise Electric Crop.)
Phys. Rev., Vol. 99, No. i, July 1, 1955, p. 62t.

The neutron spectra from the scattering of 4.4 MeV neutrons
at 90 by carbon, calcium, and zirconium have been measured
by the proton recoil photographic method. Previously reported
results from iron have been revised after additional measure-
ments , The results permit location of energy levels in Fe
and Zr, and the estimation of differential elastic and inelastic
scattering cross sections. Differential elastic cross sections
at 90° are: C. 0.061 t 0.016 b/steradi Ca, 0.053 - 0.013 b/steradj
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Fe, 0.076 t 0.020 b/sterad; Zr, 0. 096 t 0. 024 b/sterad.
Differential inelastic scattering cross sections for the first
four excited states in Fe 5 6 are: (0.85 MeV), 0.036 t 0.010
b/sterad; (2.05 MeV), 0.021 - 0. 007 b/sterad; (2.58 MeV),
0.012 - 0.006 b/sterad; (2.90 MeV), 0.020 - 0.013 b/sterad.
Results for Zr are: (2.2 MeV), 0.009^ 0. 004 b/sterad:
(2.8 MeV, existence doubtful), 0. 008 - 0. 004 b/sterad. The
results will be compared to predictions based on the theory
of Feshbach, Porter, and Weisskopf.

468. SCATTERING OF 4.4-MeV NEUTRONS BY ALUMINIUM,
CALCIUM, CHROMIUM, AND BISMUTH.
Weddell, J .B.
Phys. Rev., Vol. 104, (1956), No. 4, pp. 1069-72.

The spectra of neutrons scattered by aluminium, chromium,
calcium, and bismuth for an incident neutron energy of 4.4
MeV have been measured by the proton-recoil nuclear plate
technique. The energies of the levels excited by the (n, n " y)
process, given here, are obtained from previous measure-
ments of the de-excitation gamma-ray energies while the
cross sections are based on the nuclear plate results alone.

The results are: aluminium, scattering angle 82 : elastic,
4 6 - 1 0 mb/sterad; unresolved inelastic levels at 0.84 and
1.01 MeV, 1 9 - 7 mb/steradj 2.23-MeV level, 15 ± 5 mb/sterad;
3.0-MeV level, 10 - 5 mb/sterad; calcium at 82°: elastic
49 * 12 mb/sterad; inelastic - none; chromium at 90°: elastic,
37 t 7 mb/sterad; 1.45 MeV level, 14 t 5 mb/sterad; 2.43-
MeV level (partially resolved), 5 . 0 - 2 . 5 mb/sterad; 3.13-
MeV level (partially resolved), 14 i 7 mb/sterad; bismuth
at 82° elastic, 185 - 40 mb/sterad; ixnresolved spectrum in
energy range 0.9 MeV to 2.5 MeV, 135 i 45 mb/sterad.

469. SCATTERING OF 4.4 MeV NEUTRONS AT 90° BY
MOLYBDENUM.
Weddell, J .B.
AECU-3402', (1956) Compilation of Techn. Reports on the
Subj. of Fast Neutron Scattering, Part II, pp. 15-18).

The spectrum of neutrons scattered at 90 by molybdenum
for 4.4 MeV incident neutrons, by the proton recoil nuclear
emulsion technique . The results permit calculation of the
differential elastic cross section at 90° and provide infor-
mation on the shape of the spectrum of inelastically scattered
neutrons. * An estimate may be made of the integrated
cross section for inelastic scattering into the energy range
from 0.9 MeV to 4.0 MeV, but no discrete energy levels
could be observed.
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470. SOME ACTIVATION MEASUREMENTS AND A COMPARISON
WITH THEORETICAL, (n,2n) CROSS SECTIONS AND ISOMERIC
CROSS SECTION RATIOS.
E. We i go id and R .N . Glover (Canberra) .
Nuclear Phys i c s , Vol. 32, No. i, April 1962, pp 106-113.

59
Cross sections are measured lor the reactions Co (n, 2n),
Zn (rij 2n) and Zn (n, p) in the energy range 13.8-14.8
MeV. At 14.7 1 0=3 MeV a value of 2 0 - 5 ^ b is obtained
for the. S ' (n,t) cross section and an upper limit of 0. 1 mb
for Ca ^{n, t). The Co" isomeric cross section ratio for
the (n, 2n) reaction and ratios reported for other reactions
leading to Co are compared with theory and shown to be
consistent with a value of approximately 4 for the parameter
<r which characterises the dependencecjf the nuclear level
density on angular momentum. Using nuclear temperatures
derived from spectrum measurements (n, 2n) cross sections
calculated from the Weisskopf-Ewing formula are shown to
be in good agreement with experimental results for cases
in which the implicit theoretical assumption (that the second
particle emitted is always a neutron) is valid. A simple
criterion is derived to identify cases in which the assumption
is invalid.

471. STATISTICS AND NUCLEAR REACTIONS.
Weisskopf, V.
Phys. Rev.., Vol. 52S Aug. 15, 1937, pp. 295-303.

It is possible to apply statistical methods to the calculation
of nuclear processes provided that the energies involved
are large in comparison with the lowest excitation probability
of neutrons or charged particles by highly excited heavy
nuclei. These expressions are built up in a similar way to
the formula for the probability of evaporation of a particle
from a body at low temperatures. In applying it to the impact
of high energy neutrons on heavy nuclei, the, mean energy
loss per impact turns out to be E(l-2(a/E) ' ) where E is
the energy of the incident neutrons and a is dependent on the
nuclear structure? we can put approximately a = 0.05-0.2
MeV. The energy distribution of r.he scattered neutrons is
approximately a Maxwellian one with a mean energy of
2(aE)1/2*

472. THE THEORETICAL PREDICTION OF NEUTRON CROSS-
SECTIONS OF NON-P ÎSSIONABLE ELEMENTS FOR ENERGIES
UP TO 10 MeV.
Weisskopf, V.
Geneve 1955., Vol. II, P/830.
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473. GAMMA-RAYS FROM INELASTIC SCATTERING OF
NEUTRONS IN AU.
Wells, M.B.
NARF-60-22T (i960).

474. ELASTIC AND INELASTIC SCATTERING OF 6-MeV
NEUTRONS.
Wilenzick, R.M., Seth, K. K. , Bevington, P.R.,
Lewis, H.W.
Bull. Am. Phys. Soc , Ser. II, Vol. 6, Apr. 24,
1961, No. 3.

The angular distributions of neutrons scattered from C»
Fe, Y, Mo, Sn, Cd, and Bi have been measured using a
pulsed beam time-of-flight system for an incident neutron
energy of 6 MeV. A gamma ray discriminator utilizing
pulse shape discrimination in a liquid scintillator was
successfully used to elminate tube noise and gamma ray
background. Energy distributions of the emitted neutrons
were taken in i 0° intervals for angles between 20° and
140 . Absolute differential elastic and inelastic cross
sections were determined by comparison with the differen-
tial n-p scattering cross section and by using Fe as a
secondary standard. Results of the analysis of the experi-
ment will be compared with predictions of the statistical
theory.

475. INELASTIC NEUTRON SCATTERING.
Wilenzick, R.M., Bevington, P.R. , Lewis, H.W.
(Duke Univ.)
WASH-1031, 1961, p. 25.

The angular distribution of neutrons scattered from Bi»
Cd, Fe,- Mo, Sn, and Y have been measured with a
time-of-flight system for an incident neutron energy of
6. 1 MeV. Data were taken in 10° intervals for angles
between 20° and 140° over a flight path of about 1 meter.
Neutrons were produced by allowing a pulsed beam of
deuterons from the Duke University 4 MeV Van de Graaff
accelerator to impinge upon a target of deuterium gas
3 cm. long with a gas pressure of i atm and an entrance
foil Ni 3 microns thick.
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476. INELASTIC NEUTRON SCATTERING FROM LIGHT AND
MEDIUM HEAVY NUCLEI.
R.M. Wilenzick,- K. K. Seth, P .R. Bevington, and
H.W. Lewis (Duke U-).
WASH-1034, December 4-5, 1961, p. 12,

The energy spectra and angular distributions of 6 MeV
neutrons inelastically scattered from C,- Fe, Y, Mo, Rh,
Cd, Sn, and Bi have been measured using time-of-flight
technique. The nuclear temperatures T(- 20 %) were
determined at each angle and the average values obtained
are:

Element T, MeV a, MeV"1

Fe 0.87 5.7
Y 0.56 15.6
Mo 0.53 17,7
Rh 0.54 17.0
Cd 0.52 18,5
Sn 0.55 16.3
Bi 0.74 8.3

The angular distribution of the inelastic scattering of
6-MeV neutrons to the 4. 43-MeV level in C was also
obtained and found to exhibit symmetry about 90° with
a pronounced minimum at 90 . This is in good agreement
with the prediction of a single transition via compound
nucleus formation from a 3/2 + level at 10.47 MeV in
C 1 3 to the 2 + level at 4.43 MeV in C 1 2 .

477. ELASTIC SCATTERING ANGULAR DISTRIBUTIONS OF
FAST NEUTRONS ON LIGHT NUCLEI.
Willard, H. , Bair, J.K. , Kington, J .D.
Phys. Rev., Vol. 98, No. 3, May 1, 1955, pp 669-673.

9
New measurements of the total cross section of Be
(resolution 4 kev give maxima of 7.75 - 0.20 barns ( r =
25 kev) and 5.25 - 0.20 barns (F = 8 kev for the 0.62 MeV
and 0. 81 MeV resonances, consistent with J = 1 and 2 for
the respective compound state spin values. Elastic scatter-
ing angular distributions indicate that the 0,62-MeV resonance
may be formed by p-wave neutrons with the s-wave potential
scattering (6 = -54.2°) spin-dependent and all channel spin
1, or possibly by d-wave neutrons with the resonance
scattering ali channel spin 2. Potential scattering phase
shifts for B 1 0 are 6 = -53.5° at 0.55 MeVj 6 = -60.7°,
6 i = -4.0° at °1.00 MeV; and 6 = -66. 9, ö , = -10. 3°,
and 6 2 = -2.9° at 1.50 MeV. The 0.43-MeV resonance in-
B , agrees with a J = 2. 1 = 1 assignment, while the 1.28-
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IvieV resonance is best fitted by J = 3, £ - 2j with a mixing
ratio of channel spin 2 equal to 10 times channel spin 1.
Potential scattering is nearly all s-wave up to 1.50 MeV
where å = ~90°e C has pure s-wave scattering at 0.55
MeV [åo = -50. i °) and 1.00 MeV (6O = -68.9°), and at
l.50°MeV a small amount of p-wave appears» (6 o = -19<.4°s

<5 1 = -5,7°), In general the observed s-wave phase shifts
are larger than those calculated from a hard sphere model,
whereas the p- and d-wave phase shifts are smaller.

478. NUCLEAR PARAMETERS IN THE SCATTERING OF NUCLEONS
BY CARBON.
Wilson, R.
Phys. Rev., Vol. 114, No. i, pp. 260-267.

Scattering of protons and neutrons by carbon at small
angles is discussed. It is shown that it is not possible to
obtain a coherent understanding of the scattering at 310
MeV without including an increase of the radius due to
nuclear forces» The increase required is in rough agree-
ment with that calculated from nucleon-nucleon scattering.

At 135 MeV, where more complete data are available, it
is shown that this increase is not sufficient to obtain a
coherent understanding» Either approximations break
down, or there is a difference in the scattering of neutrons
and protons in addition to the Coulomb forces. Further,
small-angle polarisation measurements are badly needed
at both energies.

479. INELASTIC SCATTERING OF FAST NEUTRONS.
Winter, K.
Cahiers de Phys., Vol. 12, pp. 376-82 (1958).

La diffusion inélastique des neutrons n*est pas seulement
Importante pour la théorie de leur passage à travers la
matière, elle fournit également des renseignements sur
les propriétés du noyau-cible.

Pour des énergies moyennes de neutrons, lorsque peu de
niveaux sont excités dans la section efficace, les réparti-
tions d'énergie et angulaires des neutrons émis lors de la
diffusion inélastique sont sensibles aux différences d* énergie»
de moment angulaire et de parité, que existent entre l'état
fondamental du noyau-cible et ses niveaux excités. Dans ce
domaine il existe un. très grand nombre de travaux. Si
]* énergie du neutron incident est suffisamment élevée, les
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renseignements obtenus par la diffusion inélastique sont
moins sensibles aux propriétés spécifiques des niveaux
excités, car un noyau lourd a un très grand nombre de
degrés de liberté. Pouf une énergie d'excitation suffisemment

, élevée le nombre de niveaux excités dovient trop grand pour
un traitement individuel. Une description statistique est
la seule possibilité, One définit une densité «telle que w (A,E)
dE représente le nombre total de niveaux d'un noyau de masse
atomique A dans la région de 1* énergie d* excitation dE.
L*hypothèse'essentielle d'une théorie statistique concerne la
variation monotone de w avec l'énergie; en vue d*un modèle
simplifié on admet que « est également une fonction monotone
de la masse A. Les modèles statistiques courants utilisent
l'aspect du noyau composé pour le mécanisme d'une réaction
nucléaire.

480. INELASTIC SCATTERING OF 2.7 MeV NEUTRONS By Al.
Winterhalter, D.
GLasnik Mat.-Fiz. I Astr. No. 1-2,1961.

The energy spectrum of neutrons inelastically scattered by
aluminum are measured at 90 and 120 to the incident beam
of neutrons.

The neutrons were obtained by the D (d,n) He reaction. The
deuterons were accelerated to 200 keV by means of a Cock-
croft-Walton accelerator (1). The neutrons emerging from the
target at 60 to the incident deuteron beam (2) were used,
their energy being 2. 76 MeV in the laboratory system (3).

481. CONSERVATION OF ANGULAR MOMENTUM IN THE
STATISTICAL THEORY OF NUCLEAR REACTIONS.
Wolfenstein, L.
Phys. Rev., Vol. 82, No. 5, June 1, 1951, pp 690-696.

The conservation of total angular momentum J, z-component
of angular momentum m, and parity p are considered in
connection with the statistical theory of nuclear reactions.
Results are obtained for the angular distribution of a single
group of outgoing particles and for the cross section as a
function of the spin of the residual nucleus. The energy and
angular distributions are also considered for the case in
which many groups are observed simultaneously. The density
of nuclear states as a function of spin affects results appreci-
ably.
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482. NONLOCAL, OPTICAL MODEL FOR NUCLEON-NUCLEAR
INTERACTIONS.
Wyatt, P . J . , Wills, J.G. , Green, A.E.S.
Phys. Rev., Vol. 119, No. 5, Aug. 1, I960, pp 1031-1042.

An attempt is made to achieve a unified potential description
of the gross structure of the nucleon-nuclear interactions
in bound states and in states of scattering. A model is
employed with-a nonlocal complex diffuse potential -with
spin-orbit coupling and surface absorption. This represents
a relatively simple nonlocal generalization of the usual
static models which might reasonably be expected to describe
the nucleon-nuclear interaction in the low-energy range (say
from -25 MeV to 25 MeV). Choosing the range of the non-
local forces as suggested by considerations of the properties
of infinite nuclear matter, the real parameters are fixed
largely on the basis of neutron and proton separation energies.
Two absorption parameters are then adjusted to provide
agreement with total reaction and differential elastic cross-
section data for neutrons. It is found that the successes of the
local optical model with energy-dependent parameters are
largely preserved» Contrary to expectation, it is found that
nonlocality tends to accentuate rather than wash out diffrac-
tion patterns. Although a diverse variety of experimental
phenomena are treated, a range of parameter choices remains.
Because of theoretical uncertainties as to the size of the
"rearrangement energy", an effort is made to establish its
magnitude on phenomenological grounds. The influence of
several choices upon the physical phenomens used in adjusting
the parameters of this model are shown. It would appear that
this study does allow for a rearrangement energy but that it
is rather small (<6 MeV) and comparable to the probable
fluctuations of the potential from element to element.

483. FAST REACTOR CROSS SECTIONS.
A Study Leading to a i 6 Group Set.
Yiftah, S., Okrent, D., Moldauer, P.A.
Fast Reactor Cross Sections. Pergamon Press i960.

One chapter contains survey of theory and experiments on
inelastic scattering.

484. COMPETITION BETWEEN DIRECT INTERACTIONS AND
COMPOUND NUCLEAR PROCESSES.
Yoshida, S.
Proc. of the Int. Conf. on Nucl.- Struct. , Kingston i960,
pp. 336-340.
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485. SPECTRA OF SECONDARY NEUTRONS PRODUCED IN THE
PASSAGE OF FAST NEUTRONS THROUGH LAYERS OF
VARIOUS MATERIALS.
Zamyatnin, Yu., Safina, I.N. , Gutniko, E.K. , Ivanova, N.I.
J. Nucl. Energy II, 1959, Vol. 9, pp. 41-49.

Nuclear temperatures deduced from inelastic scattering of
14 MeV neutrons.

Li6, Li7, Be9, B " C l 2 , .Mg 2 %Al 2 7 Fe 5 6 Cu64 Zn65

Mo^, R h i03 'Agl0ft cd1 1^, S n 1 » , S & ^
H 201, T1204? p | 207 t Bi209.

232
486. CROSS SECTION FOR THE REACTION Th (n,2n).

Th231 AT 14.7 MeV NEUTRONS ENERGY.
Zysin, Yu.A.» Kovrizhnykh, A.A., Lbov, A.A.,
Sel'chenkov, L.I.
Sov. J. of Atomic Energy, Vol. 8, No. 4, pp. 310-313.
June 1961. Translated from Atomn. Energ. Vol. 8, No. 4,
pp. 360-361, April I960.
Reactor Sc. and T e c , Vol. 16, p. 121 (1962).

232
The cross section for the reaction Th' (n, 2n) at 14.7 MeV
neutron energy was determined by measuring Th activities
and fission fragments of Mo^ and Ba , Result: 0.65 - 0.15
barn.
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