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118

Sn energy levels up to « 5.2 MeV excitation energy

are studied in the reaction Sn (d,p) Sn. Deuterons had a

bombarding energy of 12 MeV.j

-The protons were analized by a magnetic specrrograph.

The detector was nuclear emulsion and the resolution in energy

about 10 KeV. The distorted-wave analysis was used to determine

t values and spectroscopic strengths. Centers of gravity and the

sums of reduced spectroscopic factors are presented for the

levels when it was possible to determine the S' value, y

í66 levels of excitation energy were found which did

not appear in previous Sn (d,p) reactions. 40 levels were

not found previously in any reaction giving Sn. The results

are compared with the known ones.



INTRODUCTION

Tin is a magic number nucleus with Z = 50. This closed shell

pf protons reduces the effects of the neutron-proton residual in

teration in neutron transfer reactions and makes the theoretical

calculations more reliable.

Tin has also a large number of stable isotopes. Thus we can

make a systematic study using them as target to compare changes

in nuclear structure using, for instance, neutron transfer reacti

ons.
1 1 7 <| 4 O

In the present paper we study the Sn (d,p) Sn reaction

with incident 12 MeV deuterons. Our resolution, in energy, is abo

118
ut 12 KeV for Sn excited states. We analise excitation energy

es from 0 to 5.2 MeV.

118
Neutron transfer reactions leading to Sn as final nucleus

were studied previously by many authors " . Inelastic scattering

7~ 1 4, Coulomb excitation15, EC decay18'21, 6 decay15"20 and 1 1^d

(a, 2n y) ~ giving Sn were also studied.

We make a comparison of ours with other experimental and

theoretical results. In the present work many new energy levels we

re discovered, including states of small cross section. This re

suits from the fact that we have hight-resolution in energy,that

the "sum method" was used and also that unexplored regions of

118
Sn excitat ion energies were examined.

(*) We discovered this.method in 1968 as referred in Thereza Borello's
doctoral thesis (1971) and Maria José Bechara's Master of Science thesis

25-27

(1973) - University of S. Paulo and described in other papers . Our
28attention was called recently by 0. Dietsch to a paper where a similar

energy interval and for nearby exposure angles.
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EXPERIMENTAL PROCEDURE

Deuterons with 12 MeV energy accelerated in the three-stage

university of Pittsburgh Van de Graaff Accelerator hitted a tar

get enriched in Sn. This target was 80 p g/cm thick and with
2

a carbon support 20 y g/cm thick.

The target composition in Sn isotopes is given in table I.

Sn

%

112

0.08

114

0.04

115

0.06

116

2.34

117

89.2

118

4.5

119

1.12

120

2.16

122

0.26

124

0.28

Table I - Isotope composition of the target.

The scattered protons were analised in an Enge split pole magmj

tic spectrograph.

We used as detector nuclear emulsions of Kodak type NTB pla

tes 50 Vn thick, that were placed in the focal surface of the

spectrograph.

Particles heavier than protons were absorbed by aluminum

foils. Deuterons scattered elastically were continuously monito

red by two NaI(T1) scintillators symmetrically located at about

39 with to the incident, beam direction. Relative norma

lization of the (d,p) cross sections was obtained from them.
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The absolute normalization of cross sections was made using

the 12 MeV deuterons elastic cross section on tin at the monitor

o 29
angle (38.7 ) calculated with the code DWUCK using an Saxon-Woods

shape potential with the Perey-Perey parameters shewn in table II.

V (MeV)

ro (F)

a o (F)

wD (MeV)

rD (F)

aD (F)

rc (F)

vSo ( M e V )

rSo(F)

aSo<F>

Deuteron

98.81

1.15

0.81

17.3

1.34

0.68

1.15

Bound Neutron

a

1.25

0.65

ASo = 25

Proton

*

1.25

0.65

13.5

1.25

0.47

1.25

7.5

1.25

0.47

Table II - Bound-state and Optical model parameters used in

DWUCK calculation

2 7 (N Sn
0.4 x Z

Sn
53.3 -0.55 E.

118 1181/3

118.
where Sn indicates '"wSn .

a - Adjusted to reproduce the neutron binding energy

The plates we obtained were exposed only at six laboratory

scattering angles from 8° to 45°. They were scanned both at

São Paulo and Rio de Janeiro in 0.2 mm intervals along the pla-

te on Leitz-Ortholux microscopes with 1.25 x 15 x 25 magnifi-



cation. The distances were measured with an accurate AMES 3223

M clock. Fig. 1 gives atypical spectrum tha.t corresponds to 27°

in the laboratory.

The energy calibration of Moyer was adopted and the re

lativistic computer code SPECTRE was used to calculate the ex

citation energy of the residual nucleus. In fig. 1 the peaks in

118
excitation energy of Sn are numbered. Other peaks exist that

118
are from Sn isotopes or other contaminations. If the energy

of a peak which appears in all the angles, can be accounted as

an isotope already found in tin (d,p) reactions ' ' ' we can

test if it is only an isotope peak.. If the intensity of the peak

is larger than expected, using the values of S or S1 given in

the referred papers and the target composition, the peak is assu

118
med to be from Sn plus the isotope peak which is discounted.

To identify the weakly excited levels we used the "sum me

thod". It was observed that for all tin isotopes the histograms

of the proton tracks for Sn (d,p) reaction at two different an

gles have the peaks uniformelly displaced by a constant amount.

This results essentialy from the fact that for medium (as tin)

and heavy nuclei, the distances between two corresponding peaks

are the same (within errors of o'urs measurements) at all angles

if the spectrograph is linear, i.e., if the distance of the pro

ton track from the edge of the plate is linear in its momentum.

For elements with different mass, however, the displace

ments are different (dependence on the recoil nucleus).

Fig. 2 shows the sum spectrum when the corresponding pe<a

ks are added together, reenforcing the tin peaks. This is noti

ceable, when Figs. 1 and 2 are compared.
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Tables III, IV» fig. 3 and fig. 4 summarize our results and

will be discussed later.

DISTORTED-WAVE BORN APPROXIMATION ANALYSIS (DWBA)

29We used the DWUCK code for DWBA calculations. The correc

tions of finite range and nonlocality effects are included in

it. The correction parameters were 0 , = 0.54 F, 6 = 0 . 8 5 F

and R « 0.62 F.

A real potential well of Woods-Saxon shape corresponding to

rrt n 1.25F, a^ = 0.65 F, X . = 25 MeV and with the depth adjusted

by the code to reproduce the neutron binding energy, was assumed

to bind the captured neutrons. The optical parameters and bound-

state employed are given in table II.

The reduced spectroscopic factors

S. „ s (1)
*3 *3

were J* is the spin of state observed in the stripping process/

J. is the spin of the target nucleus and S . is the spectrosco

pic factor for the considered state in (d,p) reaction, calcula

ted using:

(2Jn

1.53 Ofl.

(2)

where J is the total angular momentum of the captured neutron/

„.. is the experimental value of the cross section inexp*
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the first maximum of the angular distribution which fits our ex

perimental points and o^. is the DWBA cross-section taken at

the same point. For 1-0 the second maximum in the angular dis

tribution is used.

The values of I alone are not sufficient to define the total

angular momentum transferred. It depends also on the level which

the neutron will occupy in the final nucleus. We used the shell

model to ascribe the possible total transferred momenta, lhe more

probable transitions are to the levels 1g 7/2, 2d 5/2, 2d 3/2,

3s 1/2 and 1h 11/2 in the neutron shell 51-82 of 118Sn. We also

obtained transitions associated to 83-126 neutron shell.

The best fits between the calculated angular distribution

by the DWUCK and the experimental ones were found by trial and

error and are shown in figs. 3a, 3b, 3c and 3d.

No DWBA angular distribution was accepted if one of the ex

perimental points falls outside twice the experimental error from

the curve. If there are two values of I that satisfy this crite

rium both curves were drawn in fig. 3. If no it S 5 curve fits

the data, if more than two values of I fit them or if the angu

lar average of -=^- is smaller than 0.006 mb/sr for a given pe
dfl

ak (weak peak) the curves are not plotted in fig. 3. In these ca

ses we put in table III as ( •* ? ) max the higher experimental va
dJÍ

lue for this peak.

For 1*2 the DWBA curves correspond to Jn transferred equal

3/2+ or 5/2+. In two cases only one of the curves agrees with

our data. In all other cases the data are in agreement with both

curves. In these cases we obtain S' and j" with the transferred

momentum corresponding to the curve that fits better the data and

is draw in fig.3. These values are indicated in table III with
j" in parenthesis.
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For I - 1,3 or 5 we used respectively the j values 3/2"*,

7/2*" and 11/2"" which is the usual, not so convincing, assumption.

In these cases we put, in table III the values of J* in parenthe

sis.

RESULTS AND DISCUSSION

The results of excitation energy, orbital angular momentum

transfered, total angular momentum and parity of the observed

state, experimental cross-section and reduced spectroscopic fac
2

tors are summarized in Table III together with Schneid et al ,

1 24 í
Norris et al , Poelggeest et al , Fleming results and adopted

33
levels from Nuclear Data Sheets
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118
TABLE III - Comparison of experimental results on 5n levels.

() Excitation energy in parenthesis me^ns weak level (do / d*7)

average < 0.006. (( )) means very doubtful level.

<1 + or 2+) and {2* or 3+) raeans Jv may be 1 + , 2 + or 3+ (see section:

Distribution of Spectroscopic Strengths)

* means strong indication of J = 3/2+.

o This level and the following one are members of an unresolved

doublet.

0 This level and the following two are members of an unresolved

triplet.

Y Probable unresolved doublet.

6 It was not possible to fit any I < 5 curve to it.

e More than two values of Z fit the data.
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EXCITATION ENERGIES (EX), ORBITAL ANGULAR MOMENTUM (£) TRANSFE

RED AND FINAL STATE SPIN (J*)

In table III the excitation energies indicated are the a

verage of the excitation energies at the angles used: 8°, 12°,

20°, 27°,33° and 45°. They were obtained making use of the focal pla

ne calibration of the spectrograph and using the well known e

nergy of the first level of 1l8Sn (1229.64 * 0.04 KeV) as re

ference. The calibration of the spectrograph gives z 0.25% un

certainity in the absolute excitation energies. The average V£

lue of the standard deviation of excitation energy measure

ment in one of the six angles was 3.2 KeV (actually from 1.9 KeV

to 4.5 KeV) up to 3.5 MeV. From 3.5 MeV to 5.2 MeV it was 3.4

KeV (actually from 1.5 KeV to 5.5 KeV).
2

Vie have found 93 levels including all Schneid et al pe£

ks which were also found by Norris etal .All 33 peaks of Morris

et al but 2 were also found in the present paper. However four

of them corresponding to 2.540 MeV, 2.840 MeV, 2.860 MeV and

3.150 MeV indeed exist but are from isotopic contamination. The

first is from117Sn (0.1586?, the following two are from 1l9Sn(G.ff.

and 0.024), and the last one is from l21Sn(G.S.) plus 12OSn(2.938)

11?'
Thus we found 66 peaks which did not appear in previous Sn(d,p>

1 2
papers/ . These.we ones include 18 weak peaks. For the weak peaks

only energies and (do / díí> calculated with the highest ob

served point in the angular distribution are indicated. We did

not try to obtain the I values because we have not enough confi

dence in the significance of errors in the cases. However among

the adopted levels and in a more recenJ

energy values of these peaks are found.

33 24
the adopted levels and in a more recent paper eleven of the
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Peaks with orbital angular momentum transfer 6 and 7 are un

likely and values larger than 7 are not expected in our case.

We did not find a number of the following known excited st£

tes (energies in MeV):

a) with 4 = 8 or more: 3.0521, 3.1082, 3.6919 and 4.4953, all

of them found in l16Cd ( a, 2n) . Also 3.228 [Jv * (8+)) found

in inelastic scattering.

b) with I = 6 or 7: 2.8785 (J7' = (6+)> found in 116Cd ( a , 2n)

and 3.534 (J* «(6+ or 7"")) found in inelastic scattering. Values

compatible with both 2.890 and 3.550 were found also by Norris

et al . The two energies 2.5748 and 3.274 that correspond to

Jv * 7~ and J* * (7") respectively agres however with weaklevelr

energies we found. The energy 2.9994 (j* = 6+) is compatible

with our 2.991 weak peak.

c) with % * 5 we found no peak corresponding to 2,32115 found

in 116Cd ( o , 2n), 118In 0 decay, 116Sn <t,p) and 118Sb EC decay.

117

d) As in the previous papers on Sn (d,p) we found no energy

surely corresponding to states 3V « 4*. The known 4 + states are

given below, by the energy followed by the reaction leading to
118

Sn were they were observed: .

2.28033 - Cá (a , 2n), 118In B decay, 118Sb EC decay and 1l6Sn

<t,p)

.2.405 (J* - (4*)) - 116Sn (t,p)

2.4889 -118In 8 decay and Cd (a, 2n)

2.7336 - 116Cd (a, 2n)

2.930 - <J* * <4+)> 119Sn (p,d)

2.9636 (3V « (4+)) - 1i8In B decay, n 6 S n (t,p)



3.471 {J* = (4+)}-inelastic scattering.

3.664 (JTl = (4+)) - inelastic scattering.

The energies 2.28033 and 3.664 however agree with weak peaks we

have. At 2.930 we found instead a 0+.

The excitation energies 2.961 and 2.972 exist in the pre-

sent work but it was not possible to determine the i. values.

These energies agree with 2.9636 (J* = (4 + )) given in "*•'.

Other doublet 3.464 and 3.475 very near 3.471 {JT = (4+})

given in -appears in the present work but with £ = (3).

The values 4 = 4 for the level 2.576 from Sn(t,p)in re

ference' page 16 may be a misprint: in pages 17 and 24 that

energy is referred as I = 7. Thus it should be the same level

as 2.57483 (J = 7~). We found a weak peak with excitation ener

gie 2.577.

e) Por % - 3 we dont find 2.310 (J* * (3~)) found in Coulomb

120excitation and Sn (p,t) reaction.

f) For % = 2 we dont find 2.04 31 (J* » 2+) found in U 8 I n 6

decay, 118Sb EC decay, 117Sn (Y, n) and
 116Cd (a, 2n) as well

as 2.9293 {Jv - (2*)) found in inelastic scattering and 1i8Sb

EC decay reactions.

For our energy 3.721 that corresponds to 3.70 of Schneid
2

et al we found % - 1 instead of % * 2.

g) Four our energy 3.784 that corresponds to 3.79 from Schneid

et al we found Í. »(0) instead of £ * 3

h) We also do not find 2.120, 3.198,. 3.722, 3.895, 4.014 and

4.757 from reference
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For all these energies there are not indications of J .

Among the 93 excitation energies we found, 4C were unknown

in l x Sn. These were the following (in MeV}:

a) 8 weaks levels: 3.020, 3.441, 3.635, 3.677, 4.352, 4.365 ,

4.507 and 4.523. The level 4.617, the mcnber 2.972 of the doublet

(2.961, 2.972), the member 3.409 of the doublet (3.409, 3.423),

the members of four doublets (4.252, 4,288), (4.313, 4.326),

(4.391, 4.408) and (4.696, 4.706) and the members of two tri.

plets (5.142, 5.150, 5.163} and (5.181, 5.193, ",.208; for which

it was not possible to determine the í values.

b) 9. « 0: 4.832 and 4.862; 9. - (0): 4.422.

c ) Í = ( 1 ) : d o u b l e t ( 4 , 4 7 2 , 4 . 4 8 4 } a n d o n e l e v - a l 4 . 5 7 3 ; I - 1

o r 2 : 5 . 1 1 6 .

d) 4 = 2 : 4.637

e) £ - 3: one level 5.068 and the members of a triplet (5.006,

5.014, 5.025)> % = (3) one member of the doublet (?.464, 3.475),

two levels 4.233 and 4.940.

Almost all of them are in the less explored region 4.0 to

5.2 MeV.
1 1 Q

Among the 53 known levels of Sn (below ->.2 MeV) we found

there were not previous indication of 9, in 22 :;a:-:es. We found

the £ values of 14 of them (energies in MrV) :

a) I = 0: 3.369 and 4.895

b) S. = 1: 3.320, 3.977 and 4.107; 5, =-. (i) : 3.879

C) I = 2: 3.808 and 4.190; £ = (2): 3.380, 3.393 and 3.520;

i = 1 or 2: 4.540

d) Í. » 3i 3.562

e) Jt * (5) : 2.810

In eiaht cases wo ai.no did not find the í values.
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In 18 of the remaining 31 cases the values of I previously

determined are compatible with ours but in 9 cases we could not

find the £. values. In the last 4 cases our I values are incorapâ

tible with the previous by known values 2.930 ( I * 4) , 3.470

U=(4H, 3.700 ( SI » 2) and 3.773 ( H » 3) as we found 2.933 (iUC),

a doublet 3.464 and 3.475 ( I = 3), 3.721 ( I * 1) and 3.784

Í I = (0)).

Our excitation energies are compatible with the correspond

ding adopted levels but in average are about 4 KeV higher.

Our energies are - 10 KeV larger than the energies in

Schneid et al and in Norris et al.-ln both papers the first le

vel is at 1.22 MeV while we take as first level the well known

value 1229.64 - 0.04 KeV (1.230 MeV).

EXPERIMENTAL CROSS-SECTION (da / dO) AND THE REDUCED SPECTROS
max —

COPY FACTOR

Formula 2 gives the values of S1 using (da/dO)maxand the

DWRA

corresponding o . The error in (<3°/<3ííJmax
 i s * 20* < d u e t o US

certainty in the countings of protons and deuteron» in the solid
angles of spectrograph and monitor and in the elastic cross-section

DWBA 34
adopted). The same error = 20% is expected fox a

un"n *". Thus the

error in S' is of the order of 30%.
2

From the zeroth Schneid et al level to the seventh one
t.

our values of S' are higher than their values, but they agree

within 30% error except the fifth. For their levels eighth and

ninth our values of i. disagree. Their tenth and twelfth levels

also disagree with our in S' but. they were separated in more than
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one level in the present work (with higher resolution in energy).

We also agree with the S1 value for the Schneid et al eleventh

level if our £ is 2.

DISTRIBUTION OF SPSCTROSCOPIC STRENGTHS

Using the criterions to be explained in this section for

transfer values we calculated for each shell-model orbital £j the

center of gravity S...:

(3) E.. * & iJ—

1 S £j

E % . (Ex0.) is the excitation energy corresponding to angularmanen-

turn transfer I and total momentum transfer j. S\. is the spec-

troscopic strengths for this energy.

Fig. 4 shows the values of S1,.. as a function of E*^.and

the size of the dashed line indicated for each Ê .. corresponds to

ZS'C. found for the corresponding shell-model orbital.
£ j

Table IV give our results of E.. and £S'O. together with

Schneid et al values and E ?. obtained by us using Fleming data.

The sum-rule limit appears also in table IV.

In fig. 4 and table IV we considered all the peaks thathad

some indication for I. In five cases we had two possible values of

£. In four of them £ may be 1 or 2 and in one £ may be 0 or 3 (peaks

42, 50, 69, 75 and 86).

For peak 4 2 we give £ a 2 which is the value of Fleming6.

For peak 50 also we give £ * 2, the value obtained by Schneid et

al and Fleming . Besides our value of S1 agrees well with the va-
2

lue of Schneid et al . For peaks 69 and 86 we give £ * 1 and for

peak 75 % = 0 which corresponds to the more probable curves.
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f. _

The separation in Jp 3/2
+ and 5/2+ was made taking into

acount the following:

1) We found the more probably transferred momentum for all cases

of £ = 2.

2) In two peaks of large intensity (5 and 10) wo obtained the va-

lue 3/2+ for Jn.

3) The values of the center of gravities E. . should be the same for

each orbital both in (d,p) and (p,d) reactions producing ' Sn.

4) The Clement et al(CB) calculation predicts a concentration of

3/2 strength near 3.0 MeV and 5/2 near 4.0 MeV both spreading in

the region between them, we have two large 3/2 peaks 5 (2.329) and 10(2.741}

and the largest probable 5/2 peakç are 37(3.597) anc 50(4.046) .

5) We expect a gaussian like S* distribution.

6) We accept with Fleming the theoretical value 4.45 of CB for

the excitation energy and the corresponding value S' = 3.15 asa fur

ther ! = 2 level not found in Fleming's experiment (but found in

ours) as one of his levels to be used in the analysis.

We thus proceed as follows: the well determined Jr, equal

3/2+ are accepted for our peaks as well as for the corresponding pe

aks of Fleming , the same beeing dene for the other % = 2 levels u-

sing at first the more probable value of Jn (Table III, in parenthe

sis) . E.. is calculated for our Jn equal 3/2
+ and 5/2+ both for our

paper and for Fleming's (see item 6 above). We then improved the

agreement of our E^ . with the one obtained with Fleming's results

by moving, by trial and error, peaks from 3/2 to 5/2 and vice versa.

The distribution of peaks is given in fig. 4.

Actually from 18 I ~ 2 levels 9 Jn's did not correspond, in

the final classification, to the original more probable values gi-

ven in Table Til, These are peakn 1 (for which wo had only the cur-
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ve 2 d5/2 to fit our data), 9, 35, 44, 47, 48, 52, 53 and 64 (with

small average cross sect ions |-aJ-JjM|x - 0.05mb/sr).1he S" given in tJie

table for these peaks must be multiplied or divided by 1.2 if it

changes to 3/2 or 5/2, respectively. The peaks for which Jn did not

change had average cross sections/-42-L^JJ *0.30j*>/sr.

The resulting separation of 3/2* and 5/2* corresponds al-

most to attribute Jn =3/2* for peaks below 3.0 MeV and Jn = 5/2*

for those above 3.0 MeV.

1:: 7/2

2c (5/2]

2d (3/2)

3s 1/2

U.(11/2)

2f (7/2)

•<P (3/2)

Present Paper
Ed = 12MsV Ex. up to 5.208MeV

-

3.897

2.503

1.132

> 2.817

> 4.404

> 3.987

IS*..

0

0.52910.062

2.72910.408

0.80710.147

1.202

0.374

0.094

Suit-rule
limit =

«2j • 1

8

6

4

2

12

8

4

Schneid e t a l 1

Ed*15 MeV Ex.up to 4.44 MeV

E£ . (MeV)

-

3.96

2.36

1.16

> 0

> 3.79

> 3.70

0

0.4510.08

2.9010.55

1.3910.26

0

0.16

0.06

E. "~Sn
3 6

'leming ,.:

E£j ("'

-

4.20

2.4?

1.04

-

-

-

TABLE IV - Values of E^. and £ S ' t .

If £ » 2 in both papers we atribute our j transferred to Schneid
et al2 results. For the Schneid et al2 level with 1 = 2 which disagrees with
our I * 1 we take our 1 - 1 (Ex. 3.70 MeV).

In the shel l model the valence neutrons in the target ,

Sn, are 17. We expect the» to occur in the orbital shel l from 50

to 82 and more probably in the 1g 7 /2 , 2d 5/2 , 2d 3/2 and 3s 1/2

orb i ta i s .



We had excitation energies up to S.208 NeV. With our work

conditions we expected to find pratically all spectroscopic strengths

corresponding to 1g 7/2, 2d 5/2, 2d 3/2 and 3s 1/2. If we assume that

the maximum number of neutrons in each orbitais is given by the sum-

-rule limit, ES' divided by (2j • 1), (table IV) gives us the non

occupation probability in each of these she11-model orbital for117 Si

ground state.

Ours results agree very well with Fleming6 in 117Sn (p,d)

116.
Sn reaction. Fro» their data we obtained the occupation probabi.

ty in each of the referred shell-model orbital (Table V). The exci.

tation energies £ 3.01 with 1 * 2 were taken as 3/2* transferred

Momentum and the other as 5/2* in Sn correspondingly to our sepa

118
ration in Sn. The results for the non occupation probability of

of Schneid et al are in table V. For I » 0 Schneid et al2 results

do not agree very well with ours and Fleming6. Actually the occupa

tion and non accupation probabilities should add up to one for each

orbital when all corresponding reactions are exhausted.

1

2

2

3

ORBITAL

9

d

d

s

7/2

5/2

3/2

1/2

SCHNEID

0.

0.

0.

Non

0.0

.075 t

.725 t

.695 i

ET AL2

occupation

0.013

0.138

0.131

PRESENT

0

0

0

WORK

probability

.088

.682

.404

0.

t

t

t

0

0.060

0.102

0.074

0

0

0

0

FLEMING6

Occupation
probability

.700 ± 0.179

.833 i 0.066

.340 t 0.023

.615 1 0.044

TABLE V - Non occupation probability (Schneid et al2 and present work)

and occupation probability (Fleming6)
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11R
In reference 2 they study excitated states of Sn until- 4.5

118
MeV . In reference 6 they have excita ted states of Sn until - 4

MeV. At these energies we expect that in both cases practically all

reaction involving the 1g 7/2, 2d 5/2, 2d 3/2 and 3s 1/2 orbitais

were exhausted. This agrees with the fact that we have few and very

small values of S' above 4 MeV for these orbitais (fig.4) and with

the results in table V.

The sum of £S* for the considered orbitais in Schneid et al

is 4.74 - 0.61, in the present work is 4.065 * 0.438 and in Fleming

is 13.19 ± 1.49.

These results agree with the existence of four holes ana six

teen valence neutrons in the referred orbitais for Sn ground sta

te.

CONCLUSIONS

We found 93 levels in the reaction 1l7Sn (d,p) with 12 MeV deu

-erons, the excitation energies going from 0 to 5.2 MeV. 66 of the

se levels have not been found before in (d,p) reactions. 40 levels

118
were unknown in any reaction leading to Sn (8 of them are weak

levels). For 15 of the 32 non weak levels we found the A value. In

1T8
53 known excitation energies of Sn (including 11 weak levels)

that we found, there was no indication of t value for 22 cases.

in 14 of these cases we determined %.

By a joint analysis of ours and Fleming's Sn (p,d)results

we showed that we have located practically all transitions asso

ated to the orbitais 1g7/2, 3d5/2, 2d3/2 and 3S1/2.
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. 1 - The proton spectrum from 1 Sn (d,p)11 Sn reaction at e_ . • 27°.
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Fig. 2 - Sum Spectrum
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