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Progress Report 

I. Proton-Induced Nuclear Interactions (Clegg, Ludwig, Jacobs, Tonsfeldt 

and Thompson) 

Isospin-Forbidden T = 3/2 Resonances 
25 29 The analysis of isospin-forbidden resonances in Na, Al, P and 

33 
Cl has been described in recent papers. A Physical Review Letter presents 

the trends of the proton reduced widths with mass number. A second paper, 

which will soon appear in Nuclear Physics, describes in detail the experi-

mental measurements and analysis techniques. 

Projects still in the analysis stage include a study of the lowest 
13 12 12 T = 3/2 state in N, which appears as a resonance in C(p,p) C. This work 

has resulted in the extraction of resonance widths in good agreement with the 

work of other groups. The analysis constituted the Master's degree project 

of H.-P. Wu. Recent measurements have been made of resonances corresponding 
17 

to the low-lying T = 3/2 states in F. These data will be analyzed to deter-

mine the extent to which the isospin mixing occurs in the target ground state 

or states in the compound nucleus. 

II. Deuteron-Induced Nuclear Reactions 
207 208 207 -t 207 The Hamburger Effect in Pb(d,p) Pb and Pb(d,d) Pb 

(Tonsfeldt, Clegg, Jacobs, Ludwig, Thompson) 
207 -* . 208 Vector polarized deuterons have been used to study the Pb(d,p) Pb 

and 2f)7Pb(d,d)2fl7Pb reactions in the energy ranpe corresponding to T = 45/2 
209 

single-particle states in Bi. The object of this work is to understand 

the mechanism responsible for structures in the (d,p) cross section and 

vector analyzing power excitation functions. 

A computer program has been written to analyze the (d,d) excitation 

functions so as to extract an upper limit on the deuteron partial width for 
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these resonances. This case of spin 1 particle incident on a spin 1/2 target 

generally allows several partial widths to contribute to a given resonance 

formation and so particular attention will be paid co the J11 = l/2+ resonance 

data at 90° which involve only one partial width. An oral presentation re-

garding this work was made c.t the East Lansing meeting of the Division of 

Nuclear Physics. 

The Study of the 207Pb(d.t)206Pb Reaction (Willis, Kaitchuck, Clegg, 
Jacobs and Ludwig) 

Improved cross section and vector analyzing power data were taken for 

the 2°7Pb(d,t)2^^Pb reaction using 15 MeV deuterons. These data were incor-

porated with existing data to provide more precise data at forward angles 

for about ten levels in the residual nucleus. Since the and j-values 

are not unique for the transferred particles in this reaction, a least-

squares fit of the cross sections and analyzing powers is being used to extract 

spectroscopic factors for each H and j value transferred in forming a given 

final state. Several of the revised distributions have been reanalyzed ant! 

spectroscopic factors extracted. 

The (d,a) Reaction on 2^Si, 32S, and ^°Ca (Ludwig, Clegg, Jacobs, Tonsfeldt) 

Cross section and vector analyzing power (VAP) data have been obtained 
28 26 at angles £ 100° for six states populated in the Si(d,a) A1 reaction, for 

" 32 30 
four states populated in the S(d,a) P reaction, and for three states reached 

40 39 

in the Ca(d,a) K reaction. The VAP distribution for the strongest of these 

states (which have a known £-value but different j values transferred) are 

being compared to determine the extent to which these distributions depend 

on j transfer. Angular distributions have been taken at several energies in 

the neighborhood of 16 MeV for each target nucleus to establish whether com-

pound-nucleus processes are involved. Where possible,energy-averaged distri-

butions have been prepared for theoretical analysis. Preliminary results show 



5 

a dependence on j transfer for I = 4 and & = 2 angular distribution. The 

agreement with DWBA calculation is reasonable good only for VAP distributions 
28 32 obtained with targets of Si and S. 
6 

The mechanism of (d, Li) Reactions on Light Nuclei (Jacobs, Ludwig and 

Tonsfeldt) 

Cross section and vector analyzing power angular distributions have 12 16 19 
been measured for targets of C, 0 and F. Data have been obtained at 

several energies for the Ci,^Li) reactions populating the ground states of 

the residual nuclei. The energy-averaged VAP angular distributions are 

oscillatory with regions of large analyzing power. Theoretical calculations 

assuming a cluster transfer show good agreement with the data when optical 

model potentials using weak absorption are used. The (cl.^Li) analyzing cross 

sections (aAy) have been obtained for the L = 0 transfers and compared to (d,d) 

analyzing cross sections for the same nuclei at the same energy. Similarities 

exist between these distributions, which suggests that the a particle may 

act as a spectator during the interaction. The 19F(d,^Li)i"'N_ c cross sec-16 1 2 

tion is smaller than that for targets of 0 and C and appears to change more 

with energy. It is possible that this reaction is less "direct" in nature 

because of the absence of a large a particle cluster transfer component. 

This possibility will be investigated further. 

III. Heavy-Ion Reactions 

Recoil Ranges and Range Straggling of Nuclei Resulting from the 
59Co(160,X)Y Reaction (Waltner, Godfrey, Peterson (N. C. State Univ.) 

Shafroth, Jacobs, and Tanis) 

The abstract of this work, which was presented at the Nuclear Physics 

Division meeting at East Lansing follows. 

"We have recently measured recoil ranges and range straggling for the 

residual nuclei resulting from the ^Co(^0,X)Y reactions at a beam energy of 
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56 MeV. The ranges were determined by a stacked set of Al catcher foils each 
2 16 having a thickness of 0.2 mg/cm . Recoil nuclei resulting from ( 0,np), 

(^^0,2pn), 2np), (^O.a), (^0,2a) and (^O.anp) reactions were ob-

served. Activity was determined by Ge(Li) spectroscopy, and range and strag-

gling parameters were determined from the probability plot of the fraction 

of activity transmitted through a given thickness of Al. Results are compared 

with theoretical predictions." 

Angular distributions of recoil nuclei have also been measured and are 

being compared with theory. 

IV. Developments in Equipment and Technique 

Polarization Monitoring and Beam Control (Tonsfeldt, Ludwig, Willis) 

A beam control system which maintains the accelerator beam centered 

within the 60-cm-diameter scattering chamber has been tested and used for ex-

periments. This system consists of a magnetic steerer whose current is con-

trolled by the difference signals generated by currents from segments of a 

split Faraday cup. The beam is maintained centered on this steerer by another 

control system consisting of beam slits and a magnetic steerer located further 

upstream. The syscem has been used to measure analyzing powers to an accuracy 

of 0.001. Plans for a new beam polarization monitor which incorporates a 

similar control system have been made. 

High Resolution System Improvements (Clegg, Ludwig, with Duke personnel) 

In our high-resolution studies of very narrow, isospin-forbidden resonance 

formation in proton elastic scattering, we have continued to investigate the 

experimental limitations on the beam energy resolution from the tandem Van de 

Graaff accelerator at TUNL. Two limitations have been isolated. First the 

reference power supply for the current in the analyzing magnet system has been 

found to drift, in times comparable with those required for one data point, by 

amounts larger than the typical 200 eV step-size in the high-resolution 
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experiments. Preliminary tests have eliminated this drift by using a standard 

frequency control system for the NMR probe. The second limitation on the 

resolution has been identified but not yet studied thoroughly. At accelerator 

terminal voltages above 6 MV, the difference signal from the beam control slits 

shows intermittent bursts when the beam goes out of control. It is postulated 

that this is caused by terminal voltage fluctuations outside the dynamic 

range of the terminal amplifier which applies a correction voltage to the 

terminal stripper foil and gas change-exchange canal. Further investigation 

is underway. 

Intense Metastable Hydrogen Beams (Clegg, with Lewis, Williams, and Dunford 

(University of Michigan at Ann Arbor)) 

The ion source test bench consisting of a standard duoplasmatron, a 

c e s i u m charge exchange canal, and the associated vacuum systems, which was on 

loan from the University cf North Carolina to the University of Michigan during 

the past year, has been returned to Chapel Hill and reassembled. During the 

year loan period this ion source wat. in use at Michigan in the preliminary tests 

for an experiment to investigate parity violating effects in the electromagnetic 

interaction. The Michigan experimenters built, at the same time, an entirely 

new ion source test bench, which was tested by Clegg in Ann Arbor in late 

August. This second ion source is now operating routinely to provide an in-

tense metastable (2S1 -state) hydrogen beam for the Michigan test of parity 

violation. 

A New Polarized Ion Source for SATURNE II (Clegg, with personnel from the 

Centre d'Etudes Nucl&aires de Saclay, Gif-r,ur-Yvette, France) 

During the past year, while on sabbatical leave in France, Dr. Clegg 

became deeply involved in the project to design, build, and install a new ion 

source for polarized proton and deuteron beams on the upgraded proton synchro-

tron at Saclay when it becomes operational in 1978. This new iOk> source will 
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utilize a unique cryogenic electrcn beam ion source as an ionizer for the 

polarized atomic beam from a traditional dissociator-sextuple combination. 

Clegg's main contributions to this very large project were choosing the 

most suitable configuration for installing this new source on the injector 

linac for the proton synchrotron and finding suitable American suppliers for 

several of the largest components for the ion source. Clegg was also invited 

to present a paper describing this now polarized source at the Symposium on 

High Energy Physics with Polarized Leams and Targets held at Argonne National 

Laboratory. August 23-27, 1976. 

Comparison of a Suoplasmatron and a Duopigatron Ion Source (Clegg, with 

J. Aubert and C. Lejeune, Universite de Paris-Sud, Orsay, France) 

While on sabbatical, Dr. Clegg initiated a program to compare in 

detail the plasma density distributions, the extracted beam intensities and 

the beam emittances for duoplasmatron and duopigatron ion source geometries. 

The first goal of achieving a very uniform radial plasma distribution inside 

the expansion cup of the ion source was achieved using the duopigatron source 

with a symmetric four-hole, off-axis system of apertures to allow the plasma 

to fill the cup more uniformly than in the case of a single, central anode 

aperture. The second investigation showed, however, that this uniform plasma 

density did not translate into better output beam emittances, because the 

emittance patterns obtained for the extracted beams showed structure which 

reflected the four holes through which the plasma entered the expansion cup. 

The most significant finding was then that the plasma in the expansion cup 

cannot be considered separately from the plasma source which created it. 

Beam Optics Computer Code (Clegg, Stevenson) 

The linear beam optics code TRANS for the interactive computer 

at TUNL was documented fully before the departure of D. Stevenson in July. It 
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now serves as a standard routine available to all users in the laboratory. 

V. Nuclear and Atomic Theory Investigations 

Studies of Deuteron Scattering Potentials (J. A. Ramirez (Inter-American 

University, Puerto Rico), Thompson) 

A report on ths effects of non-locality in (d,d) scattering investi-

gated in the Ph.D. thesis project of J. A. Ramirez, has been prepared for 

publication. Selection of desirable cases for experiments to further rest the 

folding model for deuteron scattering, including spin-orbit and tensor poten-

tials, is being made in consultation with the experimental groups at TUNL and 

at F.TH, Zurich. 

Wave Functions and Wave Packets (E. A. Olszewski (UNC-Wilmington), Thompson) 

Our calculations on the wavepackets produced in photo-ionization cf 

hydrogen, part of the Ph.D. thesis of E. A. Olszewski, have been extended to 

describe the detailed behavior for small times. The documentation for a three-

dimensional stereo-display program TDPL0T2, writtan in consultation with J. D. 

Foley of the UNC Computer Science Department, has been completed. The wavepacket 

calculation results and a description of TDPL0T2 are being prepared for publi-

cation. 

Projectile-Size Effects in Deformation Measurements (Thompson, J. S. Eck 

(Kansas State Univ.)) 
1 ° 

Intrinsic quadrupole and hexadecapole deformation parameters for C, 
20 2 A 28 

Ne, Mj; and Si have been extracted from deformation lengths for a wide 

range of projectiles from e to ^ 0 . The effects of finite projectile sizes 

have been included to second order in the defor nations. The extracted values 

therefore give very reliable estimates of the deformation parameters, which can 

be compared with nuclear structure values and used in nuclear scattering calcu-

lations „ A preliminary acaount of this work was reported at the conference on 
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Radial Shape of Nuclei, Krakow, Poland, June 1976- A full account has been 

submitted for publication. 

Spin-Orbit Coupling in Heavy-Ion Scattering (Thompson) 

A survey paper summarizing the theoretical predictions, and comparison 

with data for the few available cases (including ^Li analyzing powers), is in 

preparation. Collaboration with the group of D. Fick at Max-Planck-Institut fUr 

Kernphysik in Heidelberg, which is performing the ^Li experiments, is continuing. 

Compound-Nucleus Fluctuation Theory for Polarized Beams (R. F. Haglund (LASL), 

Bowen, Thompson) 

Investigations of statistical (Ericson) fluctuation effects for polarized 

beams are continuing by means of Monte-Carlo calculations using our code RANSACK. 

We have demonstrated that runs tests cannot be applied unambiguously to over-

lapping resonance data to reveal non-statistical (intermediate) structure. The 

results of this analysis have been published in Physical Review Letters as a 

comment on an analysis by a group at Rutgers University, in which it was claimed 

that an intermediate structure had been revealed by maans of runs tests. Col-

laboration with the Rutgers group in the interpretation of their experiments has 

begun. 

Survey of Nucleon-Nucleus Scattering Potentials (Thompson) 

A survey of available data on nucleon-nucleus elastic-scattering cross-

section and polarization data is being made in order to determine targets and 

bombarding energies which would be important if a new global analysis of the 

nucleon-nucleus optical-model potential were made. The energy and iscspin 

dependence of these potentials are particularly important. Such potentials are 

very useful for estimating interaction cross sections for neutron scattering 

from isotopes which are unstable or of low natural abundance. 

Polarization Phenomena in Nuclear Reactions (Clegg and Thompson) 

We are preparing a review for non-specialists of the current concepts 
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and techniques of polarization as used in nuclear physics. During a two-month 

visit at the University of Auckland, New Zealand, Dr. Thompson gave a series 

of ten review seminars on current polarization research; it is intended to 

incorporate some of the material from these seminars in the review. 
3 

Isospin-Consistent DWBA Analyses of (d,t) and (d, He) Reactions (S. K. 

Datta (Univ. of Wisconsin), Thompson) 

Calculation of finite-range effects in the isospin-coupled analysis 

of our polarized-beam data is being performed in consultation with S. Cotanch 

(N. C. State Univ.). A paper describing this work, which has a significance 

for the charge dependence of nuclear forces, is in preparation. 

A DWBA Transfer-Reaction Code for Small Computers (Thompson) 

The DWBA program which we have written for interactive use on small 

computers is being adapted to the display systems of the DDP-224 at TUNL. 

Dinsipative Forces in Quantum Mechanics (J. S. Eck (Kansas State Univ.), Thompson) 

The increased emphasis in heavy-ion physics of such classical concepts 

as friction and viscosity lead us to consider how dissipative forces could 

be accommodated in quantum mechanics. We have made a simple, but rigorous, 

derivation of the relation between dissipation and non-Hermitian terms in the 

interaction Hamiltonian. Examples which are readily understood by beginners 

in nuclear physics have been presented. This work has been accepted for publication 

in the American Journal of Physics. 

Compound-Nucleus Effects and the Nucleon-Nucleus Spin-Spin Interaction 

(Thompson) 

The effects of compound-elastic scattering on the determination of the 

spin-spin interaction V have been calculated for two types of measurements: ss 
(1) Depolarization experiments. The case N(p,p) N at 16.2 MeV, for which a 

complete angular distribution of the depolarization parameter was recently 

measured at LASL, was shown to be dominated by compound-elastic spin-flip 
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for all angles in the backward hemisphere. A report on this work has beer. 

published in Physics Letters. (2) Total spin-rpin cross sections using polarized 

beams and targets at low bombarding energies have been shown to be consistent 

with compound-elastic effects arising from different level densities in the 
59-* 59 

compound nucleus; Co(n,n) Co at energies £ 1 MeV has been calculated in 

detail. This work, which was described at the APS Nuclear Division meeting 

in East Lansing, will be published in Physics Letters. The above considerations, 

together with the results of Blair and Sherif on the quadrupole spin-flip 

mechanism for targets with spin I > 1/2, make it unlikely that data obtained 

so far have led to correct estimates of V . Work in progress includes selec-ss tion of the best I = 1/2 nuclei for determination of V and design of depolari-ss 
zation experiments in collaboration with groups at Lawrence Berkeley Lab. and 

Texas A & M University. 

Projectile Deflection in Ion-Atom Collisions (T. Wu and Merzbacher) 

The effects of various aspects of the acceleration of a heavy pro-

jectile, which may be described semiclassically, on atomic excitation and 

ionization, especially of inner shells, have been more closely investigated. 

A paper has been drafted reporting on the results of a study of the effects 

of angular deflection. Current efforts are directed toward a better under-

standing of the importance of the slowing down of the positive projectile 

particles in the neighborhood of the target nucleus. It has become clear 

that the constant-velocity straight-line trajectory approximation is inadequate 

in many instances of experimental interest. 

Atomic Effects in Nuclear Reactions Using the Sudden Approximation 

(Feagin, Merzbacher, Thompson) 

Sudden changes in the nuclear charge and sudden nuclear recoils, 

which occur during nuclear reactions between colliding ions and atoms, may 

have dramatic effects on the electronic environment of the nuclei. Excita-
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tions and ionizations may take place and are approximately described as 

sudden processes, in which the Hamiltonian changes but the wave function 

does not. These are particular examples of rearrangement collisions and 

require the evaluation of matrix elements between nonorthogonal slates. 

Sum rules have been generalized for such processes and have been used to 

calculate the first few moments of the distribution of energy transfers to 

atomic electrons in these collisions. The techniques are being applied 
12 12. 

to the narrow resonance near 14.2 MeV observed in C(psp) C, and the de-

sign of experiments at TUNL and at Chalk River Laboratories is underway. 

Nonperturbative Calculation of Atomic Excitation Processes (J. Wu 

and Merzbacher) 

A Sturmian basis of eigenfunctions has been used to write a program 

of coupled equations of motion for atomic excitation and ionization. Sixteen 

states are being employed '-ith a range of angular momenta and energies. 

Initial applications have been to the numerical evaluation of the zero 'apact 

parameter inner-shell vacancy production by projectiles with charge numbers 

from Z^ = 1 to 7. The program has been tested and is now being applied to a 

range of impact velocities and projectile-target systems. 

Superposition of Radiation from, N Independent Sources (Merzbacher, Feagin, 

T. Wu) 

When the radiation from N independent randomly phased, but strictly 

monochromatic, sources of unit strength is added coherently, the resulting f 

intensity is between zero (completely destructive interference) and 

(fully constructive interference). Contrary to the general belief that the 

intensity is in most cases near N times the intensity from a single source, 

the distribution of intensities is a decreasing exponential, if N is large. 

For N = 2, 3, 4, 5, the distribution is quite unlike an exponential and not 
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easy to calculate. Using the equivalence of this problem to a random walk 

in two dimensions, the distribution was calculated analytically and computed 

experimentally by the use of a random number program on the computer. This 

work has been written up and submitted for publication in the American Journal 

of Physics. 

VI. Atomic Effects in Nuclear Bombardment 

Two Electron - One Photon X-ray Transitions (2e~lY) (Doyle, Feagin, 

Shafroth, Tanis and Waltner) 

We have studied this process in considerable detail. The main features 

of interest were the energies of these x rays as a function of incident Cln + 

ion bombarding energy, the cross section for these rare x-ray transitions and 

the probability of one electron decay compared to two electron decay. 

The study of the energies of these transitions lead to a better under-

standing of the effect of simultaneous L vacancy production on the transition 

energies and this has been submitted for publication before the main paper. 

We have taken data which will allow us to obtain absolute cross sections for 

this process. The Cln + ion energy dependence of these cross sections can be 

compared with electron promotion model calculations. This should give further 

insight into this important process for producing K vacancies. Finally, the 

ratio of 2e-ly to le-ly transition strengths as a function of target and pro-

jectile Z when two K vacancies are present has been the subject of considerable 

theoretical interest. One model assumes that the "first" transition is electric 

dipole and this shakes up the ionized atom in such a way that a subsequent 

2s-ls monopole transition takes place giving rise to the 2e-ly photon. This 

model fits most of the existing data from Al-Ni. 

K X rays Arising from 20-80 MeV Ion Bombardment of Ti, Mn, Cu and KBr 

(Doyle, Jacobs, Shafroth and Tanis) 

Characteristic target K x-ray cross sections were determined at 
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intervals of 10 MeV for the above listed targets and results were compared 

with theory. In the case of Cu we find fair agreement with corrected plane 

wave Born approximation calculations (PWBA) but in the case of potassium the 

experimental cross sections were an order of magnitude larger than corrected 

PWBA. This is due to "K-vacancy sharing", where the projectile brings in a 

K vacancy which is transferred to the target in the collision. A detailed 

and systematic study has also been made of K x-ray energy shifts which for 

manganese (Z = 25) K range from 190 sV to 320 eV above the tabulated values D 
as the CI projectile energy varies from 20 to 80 MeV. Over this same pro-

jectile energy range, the Mn K^/K^ ratio varies from 0.12 to 0.20. We are 

attempting to understand these results in terms of basic quantum mechanical 

calculations. We can tell approximately how many and which inner shell elec-

trons must be ejected at the time of x-ray emission to explain the data from 

Hartree-Fock energy calculations but we have not yet gotten to the point where 

we can explain why these particular electrons are ejected at a given incident 

Cln+ energy. In other words we can not yet predict very well what will happen 

if we change the Z of the prolectile. Such information will be important if 

heavy ion beams are to be used for trace element analysis. 

Recently we have been studying the effect of target thickness on these 

cross sections. Vacancy sharing and quenching effects must be taken into 

account to obtain primary electron removal cross sections suitable for detailed 

comparison with theory. 

Radiative Electron Capture Resulting from 20-70 \eV Chlorine Ion Bombardment 

of C, Ti, Mn and Cu (Doyle, Jacobs, Shafroth, Tanis) 

Radiative Electron Capture (REC) occurs when the projectile ion captures 

a target electron into its K shell and in so doing emits an x ray. The energy 

of this x ray is equal to the K shell binding energy of the projectile plus the 

center of mass kinetic energy of the captured electron in the projectile frame 
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of reference. We have made a careful study of the energies of REC peaks vs 
n+ 2 CI energy and have found in the case where the target is a thin 20 ug/cm 

carbon foil that the REC peak energy varies nearly linearly from 3300 to 4600 

keV when the Cln+ ion energy is varied from 20-80 MeV. This variation can be 

expressed in terms of the multiple ionization state of the proiectile which 

can be determined from Hartree-Fock calculations. Furthermore we have studied 

the width of the REC peak over this energy range and find it varies from 500 eV 

to 1 keV. Also we have measured the differential cross section for this pro-

cess and find it to vary from 2-6 barns/sr. We obtained good agreement with 

the simplified theory of Bethe and Salpeter for the cross section assuming 

only one electron per carbon atom was available for capture and unit fluores-

cence yield. However, neither of these assumptions is easy to iustify, so 

there is much more work to be done before the process is understood. 

VII- Related Activities 

This year the Chapel Hill group which is involved in the study of nuclear 

processes presented many papers at scientific meetings, lectured extensively 

at seminars and colloquia, and participated actively in international conferences. 

Locally, the UNC group was involved in the TUNL seminars and met weekly in 

Chapel Hill to review our current research and the recent literature. 

Dr. Merzbacher gave seminars at Florida A & M University in Tallahassee 

and at the University of North Carolina (Dept. of Statistics). The NAS-NRC 

Report on Accelerator Related Atomic Physics, edited by B. Crasemann and to 

which Merzbacher contributed, has now been published and is available on request. 

Merzbacher continues to serve as an associate editor of Atomic Data and Nuclear 

Data Tables. He also spends an appreciable amount of time on refereeing pro-

posals and manuscripts. 

During summer and early fall Dr. Thompson was on leave from UNC. He 

travelled extensively in Europe, Asia, and the South Pacific; none of his 
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expenses were met by ERDA. While in Europe he gave a seminar on 'Spin-Orbit 

Coupling in Heavy-Ion Scattering' at the Max Planck-Institut fur Kernphysik 

in Heidelberg, and he consulted on currcnt nuclear physics research with physi-

cists in Copenhagen, Darmstadt, Basel, and Zurich. Dr. Thompson attended the 

conference on Radial Shape of Nuclei in Krakow, Poland. He presented seminars 

on 'Deuteron Scattering Experiments at TUNL' at Australian National University 

(Canberra), on 'The Quantum Mechanics of Friction' at the University of Auckland, 

and on 'Current Research at TUNL' at the Institute of Nuclear Sciences, Wel-

lington (New Zealand). Dr. Thompson presented colloquia on 'Physics with 

Polarized Nuclei' at Nanyang University (Sing? mre), and in New Zealand at 

Victoria University (Wellington) and the University of Waikato (Hamilton). 

During September and October he gave ten lectures at the University of Auckland 

on 'Topics in Nuclear Polarization Physics,' and advised on interpretation of 

nuclear physics experiments in progress at Auckland. While in New Zealand 

Dr. Thompson consulted with universities on the installation of interactive 

computing services. During his return to Chapel Hill he visited the Lawrence 

Berkeley Laboratory, and presented a colloquium at LASL on 'Compound-Nucleus 

Effects and the Spin-Spin Interaction.' 

During the first part of this report period Dr. Clegg was ending his sab-

batical by working at Orsay near Paris. He gave talks at Koln and Giessen in 

West Germany on "Systematic Studies of Isospin Mixing in Light Nuclei by Proton 

Elastic Scattering." On returning to Chapel Hill he gave a talk on the same 

subject at the University of Manitoba, Canada. He also gave an invited talk on 

the "New Polarized Ion Source for SATURNE II" at an international conference at 

Argonne National Laboratory. He lectured at the University of Alberta on "Polar-

ized Ion Source Development in France" and at the University of Manitoba on "An 

Overview of the Polarization Program at TUNL." He is serving as a member of the 
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program committee of the Nuclear Physics Division of the American Physical 

Society. During this period the Chapel Hill nuclear physics group was repre-

sented at the annual meeting of the Nuclear Physics Division of the APS at 

East Lansing by Drs. Clegg, Ludwig, Jacobs, and Thompsou as well as Mr. Tonsfeldt. 

Several contributed talks were presented. 

During this report period while on vacation in Paris, France, and at no 

expense to ERDA, Dr. Shafroth visited the cyclotron laboratory at Jiilich in 

West Germany, the Institut du Radium in Paris where he exchanged information 

with Professor Briand and his group about 2e-ly x-ray transitions and hyper-

satellites. He was fortunate to be given an office there for about 10 days 

where hs prepared for a seminar at E.T.H. in Zurich, Switzerland and refereed 

a proposal. He talked on "Two-Electron-One-Photon X-ray Decay Processes and Com-

ments on X-ray Evidence for Elements Z = 116 and 126." There was considerable 

skepticism on the superheavies in all of the European laboratories he visited. 

On returning to Chapel Hill he attended the International Conference on X-ray 

Spectra at the National Bureau of Standards where his group presented two 

papers. Following that he attended the Fourth International Conference on Appli-

cations of Small Accelerators in Denton, Texas. He continues to serve as an 

associate editor of "Atomic Data and Nuclear Data Tables." He is also on the 

advisory board of "Nuclear Data Sheets." 

During this period Drs. Shafroth and Clegg made a proposal to the North 

Carolina Board of Science and Technology for funds to construct a sputter ion 

source for TUNL. In December, 1976, the Board granted S10.000 for this purpose. 

Later that month the University of North Carolina at Chapel Hill authorized 

$30,000 toward the purchase of a sputter ion source. This will greatly aid 

the atomic collision physics work at TUNL and should help to attract new 

funds for support of this work. 
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j^fl.lj-.vjb, * f'O-j'•I'-v-C, >\jl-V-LJ-— 

Publications ' 

"Studies of Nuclear Processes," T. B. Clegg, E. J. Ludwig, Eugen Merzbacher, 
S. M. Shafroth and W. J. Thompson, Progress Report for the period 1 June 1976 -
31 December 1976. ORO-2408-119. 

3 
"Polarization of Neutrons Elastically Scattered from "He," P. W. Lisowski, T. C. 
Rhf.a, R. L. Walter, C. E. Busch and T. B. Clegg, Nucl. Phys. A259 (1976) 61. 

"Polarization Transfer Effects in (p,n) Reactions on Light Nuclei at 6 = 0°," 
P. W. Lisowski, R. C. Byrd, R. L. Walter and T. B. Clegg, Nucl. Phys. A264 
(1976) 188. 

"Compound-Nucleus Effects in Nucleon Depolarization," W. J. Thompson, Physics 
Letters 62B (1976) 245. 

"Systematics of Isospin Mixing in Proton Elastic Scattering from Light Nuclei," 
P. G. Ikossi, W. J. Thompson, T. B. Clegg. W. W. Jacobs and E. J. Ludwig, Phys. 
Rev. Letters 3b (1976) 1357. 

"Runs Tests as Predictors of Intermediate Structure in the Continuum," R. F. 
Haglund, J. M. Bowen and W. J. Thompson, Phys. Rev. Letters 37 (1976) 553, 878. 

"Comment on 'On the Negative-Energy Wave Functions for the Coulomb Field,'" 
E. Merzbacher, Am. J. Phys. 43 (1975) 101. 

"Report of the Ad Hoc Panel on Accelerator-Related Atomic Physics Research," 
E. Merzbacher with B. Crasemann and others. Committee on Atomic and Molecular 
Physics, National Academy of Sciences, National Research Council, Washington 1976. 

"Review of B. Cagnac and J. C. Pebay-Peyroula, Modern Atomic Physics, Fundamental 
Principles. Hasted Press (1975), E. Merzbacher, American Scientist 64 (1976) 78. 

"The Structure of K Hypersatellite Spectra of Cu, Ni and Fe as a test of Inter-
mediate Coupling," J. P. Briand, A. Touati, M. Frilley, P. Chevallier, A. John-
son, J. P. Rozet, M. Tavernier, S. M. Shafroth and M. 0. Krause, Journal of 
Physics B Atom. Molec. Phys. 9 (1976) 1055. 

Accepted for Publication 

"Dissipative Forces and Quantum Mechanics," J. S. Eck and W. J. Thompson, to be 
published in American Journal of Physics. 0R0-2408-120. 

"Compound-Nucleus Effects in Spin-Spin Cross Sections," W. J. Thompson, to be 
published in Physics Letters. 0R0-2408-121. 

25 29 33 
"Isospin-forbidden T = 3/2 Resonances in Al, P, and CI, and The Systematics 
of Isospin Mixing," P. G. Ikossi, T. B. Clegg, W. W. Jacobs, E. J. Ludwig and 
W. J. Thompson, accepted for publication in Nucl. Phys. 

Submitted for Publication 

"Spectroscopy of the "^CrCd.pJ^Cr Reaction and the Deuteron D-state Effects," 
A. K. Basak, J. A. R. Griffiths, M. Irshad, 0. Karban, E. J. Ludwig, J. M. 
Nelson, S. Roman and G. Tungate, Submitted tc Nucl. Phys. 
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"Comment on the Comparison of Observed Two Electron-One Photon Transition 
Energies with Calculated Values," J. A. Tanis, J. M. Feapin, W. VJ. Jacobs 
and S. M. Shafroth. Submitted to Phys. Rev. Letters, December 1976. 
ORG-2408-122 

"Superposition of the Radiation from N Independent Sources and the Problem 
of Random Flights," E. Merzbacher, J. Feagin and T. Wu. Submitted to American 
Journal of Physics. ORD-2408-123 

Conference Proceedings 

"Compound Nucleus Fluctuation Effects," W. J. Thompson in Proc. of the 4th 
Int. Symposium on Polarization Phenomena in Nuclear Reactions, ed. W. Gruebler 
and V. Konig (Birkhauser Verlag, Basel, 1976), p. 349. 

"Depolarization Studies in 1^N(p,p)1^N," T.B. Clegp, W. J. Thompson, R. A. 
Hardekopf, and G. G. Ohlsen, ibid., p. 634. 

1A X 6 28 
"Vector Analyzing Powers for the (d,a) Reaction on N, 0, and Si," 
E. J. Ludwig. T. B. Clegg, P. G. Ikossi, and W. W. Jacobs, ibid., p. 687. 
"Compound-Nuclear Polarization Effects in Deuteron Elastic Scattering," 
R. J. Eastgate, T. B. Clegg, R. F. Haglund, and W. J. Thompson, ibid., p. 620. 

"The 207Pb(d,t)206Pb Reaction Using 15 MeV Vector Polarized Deuterons," 
M. D. Kaitchuck, T. B. Clegg, W. W. Jacobs, and E. J. Ludwig, ibid., p. 681. 

"Vector Analyzing Powers for (d,6Li) on 1 2C and 160," W. W. Jacobs, T. B. 
Clegg, P. G. Ikossi, and E. J. Ludwig, ibid., p. 697. 

9 9 
"Comparison of P and A for Be(p,n) B at 8.1 and 9.1 MeV," P. W. Lisowski, 
G. Mack, R. C. B$rd, W.yTornow, S. E. Skubic, R. L. Walter, and T. B. Clegg, 
ibid., p. 499. 
"Neutron Polarization and Analyzing Power in 15N(p,n )1 5C Reaction," R. C. 
Byrd, P. W. Lisowski, S. E. Skubic, W. Tornow, R. L.°Walter, and T. B. Clegg, 
ibid., p. 501. 

"Polarization Transfer Effects i.- (p,n) Reactions on Light Nuclei at 0°," 
p.W. Lisowski, C. E. Busch, and T. B. Clep.g, ibid., p. 638. 

"Polarization Transfer in the D(p,n)p,p Reaction from 10 to 15 MeV," R. L. 
Walter, R. C. Byrd, P. W. Lisowski, and T. B. Clegg, ibid., p. 489. 

"Neutron-Proton Polarization Measurement at 14.2 MeV," W. Tornow, P. W. 
Lisowski, R. C. Byrd, S. E. Skubic, R. L. Walter, and T. B. Clegg, ibid., p. 439. 

"Elastic Scattering of Polarized Neutrons from Ste," P. W. Lisowski, T. C. 
Rhea, R. L. Walter, and T. B.Clegg, ibid., p. 534. 

"Measurement of Polarization Transfer Coefficients for (cl,n) Reactions on 
160, and 28Si," P. W. Lisowski, R. C. Byrd, W. Tornow, R. L. Walter, 

and T. B. ClegR, ibid., p. 653. 
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"Measurement of K^ (0°) Over Resonance Region in *2C(d,n)13N," R. L. Walter, 
R. C. Byrd, P. W. Lisowski, G. Mack, and T. B. Clegg, ibid., P. 649. 

v' "Determination of Polarization Transfer Coefficient Ky (0°) for the Breakup 4 4 -> -y ^ Reactions He(d,n) He,p and D(d,n)D,p," P. W. Lisowski, R. C. Byrd, R. L. 
Walter, and T. B. Clegg, ibid., p. 573. 

"Application of Multi-Step Processes to Nuclear Reaction Studies: The 
28Si(d,py) Reactkn," h. Clement, R. N. Boyd, T. B. Clegg, and C. R. Gould, 
ibid., p. 805. 

28 •*• 
"A Study of Fluctuations in the Cross-section and Analyzing Power of Si(d,d) 
and 28Si(d,p) Reactions," R. Henneck, T. B. Clegg, R. F. Haglund, E. J. Ludwig, 
and G. Graw, ibid., p. 795. 
"Progress in Polarized Ion Source Development," T. B. Clegg (Invited Paper), 
ibid., p. 111. 

41 
"Polarized Beam Angular Correlation Measurements in Ca," C. R. Gould, D. R. 
Tilley, C. Cameron, R. D. Ledford, N. R. Roberson, and T. B. Clegp, ibid., p. 807. 

"Two-Nucleon Transfer Reactions Induced by Polarized Deuterons," J. M. Nelson, 
O. Karban, S. Roman and E. J. Ludwig, ibid., p. 691. 

"Analyzing Powers of the 19F(d,t)18F Reaction," J. M. Nelson, D. Karban, E. J. 
Ludwig, and S. Roman, ibid., pp. 679. 

"Probability Distributions for Compound Nuclear Fluctuations in Vector Analyzing 
Powers," R. F. Haglund, J. M. Bcusn, and W. J. Thompson, ibid., p. 785. 

"Mass-Number Systematics of Deuteron Folding-Model Potentials," J. A. Ramirez 
and W. J. Thompson, ibid., p. 618. 

"Polarization in Heavy-Ion Scattering," W. J. Thompson, ibid., p. 831. 

"The New Polarized Ion Source for SATURNE II," T. B. Clegg, A.I.P. Conference 
Series 35, No. 11 (1976 (in press). 

"Deformation Lengths from Scattering of Strongly Interacting Projectiles," 
W. J. Thompson and J. S. Eck, Radial Schape of Nuclei Conference, Krakow, 
Poland, 22-25 June 1976. 

"Evidence for 2e-ly Transitions in Cln+ Bombardment of KC1," W. W. Jacobs, 
B. L. Doyle, S. M. Shafroth, J. A. Tanis, and A. W. Waltner, International 
Conference on the Physics of X-ray Spectra, National Bureau of Standards, 
Extended Abstracts, 1976, pp. 177. 

n | 
"K X-rays and REC from CI Bombardment of Targets in the Region 19 <_ Z _< 35," 
J. A. Tanis, B. L. Doyle, W. W. Jacobs, and S. M. Shafroth, ibid., p. 186. 

"Trace Element Analysis with Characteristic X Rays Excited by Fast CI Ions," 
S. M. Shafroth, B. L. Doyle, W. W. Jacobs, and J. A. Tanis, Conference on 
Heavy Metals in the Environment, University of North Carolina School of Medicine, 
Chapel Hill, N. C. 24-25 May, 1976. To be published in "Environmental Health 
Perspectives," 1976. 
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"Wavelength Dispersion Analysis of PIXE Spectra," R. D. Willis, R. L. Walter, 
B. L. Doyle, and S. M. Shafroth, International Conference in Particle Induced 
X-ray Emission and its Analytical Applications, Lund, Sweden, 23-26 August, 
1976. To be published in "Nuclear Instruments and Methods," 1976. 

"K X Rays and REC Arising from Fast Cln+ Ion Bombardment of Cu," J. A. Tanis, 
B. L. Doyle, W. W. Jacobs and S. M. Shafroth, Second International Conference 
on Inner Shell Ionization Phenomena, Freiburg, Germany, 29 March-2 April 1976, 
Abstracts 115-11/. 

"i.nner-shell Physics after Fifty Years of Quantum Mechanics," E. Merzbacher, 
roceedings of the Second International Conference on Inner Shell Ionization 
Phenomena, Freiburg, 1976. W. Mehlhorn and R. Brenn, editors, p. 1-13. 

Abstracts 

"A Linear Beam Optics Code," D.S. Stevenson and T. B. Clegg, Bull. Am. Phys. 
Soc. 21 (1976) 610. 

"Comparison of the Polarization and Analyzing Power in (p,n) Mirror Reactions 
on and 9Be," R. C. Byrd, P. W. Lisowski, G. Mack, S. E. Skubic, W. Tornow, 
R. L. Walter, and T. B. Clegg, Bull. Am. Phys. Soc. 21 (1976) 637. 

"Vector Analyzing Powers for Several (d,a) Reactions, E. J. Ludwig, W. W. Jacobs, 
and S. A. Tonsfeldt, Bull. Am. Phys. Soc. 21 (1976) 990. 
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"Vector Analyzing Power Measurements of Isobaric Analog Resonances in Bi," 
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Am. Phys. Soc. 21 (1976) 1247. 

"Intensity Ratio for 2e-ly to K Shell Hypersatellite Transitions for CI, K, 
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