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Intioduction

The research program at UCLA in theoretical nuclear
physics and in elementary particle and field theory is
presently being supported by the Air Force Office of
Scientific Regearch, The National Science Foundation,
the Office of Ordinance Research and by a small direct
grant of University funds. All those who have been
supported in any way by AFOSR funds are included in the
list in Part II.

The research activities in theoretical physics for
1960 and 1961 are described in the yearly reports for those
years, Copies of the pertinent material are appended
for reference (Appendices A and B), Research activities
for 1962 are described in Part III and a list of publicatiosm
is given in Part IV, Reprints are being sent under
separate cover,

The University has also conttibuted to the program
by its generous support of visiting lecturers, Although
the University has been generous, it moves rather
ponderously. One of the most important and least
expensive uses of our extra-mural funds has been to provide
us with an essential degree of flexibility in connection
with visiting lecturers. DBecause the extra-mural funds
are, practically speaking, under our direct control we
can quickly take advantage of any opportunities to bging
distinguished visitors to UCLA without the usual delays
involved in the commitment of University Funds. This
is done by temporarily committing contract funds, but in
every case the university has eventually agreed to support
these distinguished people.

All of us at UWCLA have been pleased at the development
of theoretical physics here, One measure of our progress
is the increasing number of applications from well qualified
post-dactoral students; this year we received about forty
such applications. The extra-mural support we have been
granted, and that of the AFOSR in particular, has played
an essential role in this development.




II. Personnel

A Senior
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Investigzators

R.
M,

J, Finkelstein
A, Melkanoff

. &, Megkiaaki

S, Saxon
Noxton
Byers
Fronsdai
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Past Staff Fembers and Extended Visitors (since 1959)

B
;;:bert PFried Sceptember 1958 - June 1961
Tan i cCarthy July 19659 - karch 1950
Derek Turscy Scptember 1959 -~ June 1960, July - August 1961,

July - August 1962

Jerzy Tleclanoky Septembexr 1959 -~ Junc 1960
Tarv Tarmure Summer 1960, Summer 1962
Jean Lasccux Sunmer 1950

Peter Xaus Summer 1960

Dale Kunz September 1960 - Junc 1961
durt Symanzik Fall 1960
Julian Ichwinvex Surins 1961

Luiri Radicati Summer 1951
Tatuya Sasakawa Aurust 1901 - surust 1962
Harry Lchmann Septenber - Octceber 19061
Zileen Flamn liovember 1961 -~ npril 1962

Hans Jocs Septcember - December 1962
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1.

10.

11.

12.

13.

a.

Ph.D.'s since 1959

l{ame

Cylvan Xatz

/i, Russel Vernon

Kenneth Schwartz

Gerald G. Comisar

Edward C. Taylor

Fred #, Volf

William Brown

Reinhard P.
Lipperheide

Robert W, Houpardy

Jacques J. Templin

Thomas l.enne

Charles Dismukes

William Sooy

Title of Thesis

Study of the Configuration
of a Plasma in an JAxially
Symmectric liagnetic Field

Large Amplitude Yaves in a
Collision-Free Plasma

The Stability of the Diffuse
Linear Pinch with an Anisotro-
pic Pressure Tensor

On the Structuze of Strong
Plasma Shock Waves in a Trans-
verse fiagnetic Ficld

The Theory of Yave Excitation
in Bounded Rarified Plasmas

The Effect of Charpe Gepara-
tion on Honlincar Vaves in a
Collision-Free Plasma

hn fLipproximation i.cthod for
Large fingle Scatteriar of
High Energy Ccalar and Vector
Waves

On the Theory of lluclear
Reactions

n ledified WKB rpproximation
and its application to Wave
Propagation

Theory of Direct Intcraction
Inelastic Scattering

Distorted Vave Effects in
Proton Inelastic Scattering

ii Velocity Dependent p-j
Potential Fodel

hpproximate Calculaticns of
Scattcring Phase Shifts

Graduate Students in Theoretical Physics

Date

1960

1961

19462

1962

1959

1961

1951

Sperscr

Bancs

Banos

Banos

Banos

Saxon

Saxon

Saxon

Saxon

Saxon

Saxon

Saxon



14.

17.

18.

19.

Viilliam Ramsay

Leo Xomai

Deo Choudhury

Alex Rassey

Bruce Scott

Paul Xeclly

_50-

General Covariance and Elemen-
tary Particles

Application of the Collective
lMedel to Cdllé4

A Theoretical Investigation
of Nuclear Reactions

Energy level Specetra of luc-
leops in an Hnisotropic Diffuse
uclear Potential

application of a Simplified
Brueckner Technique tc Nuclear
Matter

ifuclear thell lodel Analycis of
Calcium Isotopes

1960

1961

Finkelste

Loczhkows!.

i oszlicwsk

lsoczkowshk

loszliows k.

HMoszkowsk:



ilame

George fidcmian
Peter Collas
William Dunwoodie
Stanley renster
Edward Field

Ira Green
William Hall
David Hes.enes
Kenneth inizht
Janes lacGuire
Richard l.cCray
Burene Percssini
ltarvin Rensinlt
Hojat Rostani
Tatsuro Sawada
Judith Scott
Xoji Tariushi
Richard Treat
Charles Troutman

Danicl Vienger

b.

.

Students presently doing research

Sponsor

Saxon
ilorton
Byers
Byers
Banoc -
[ioszkowsi
Fronsdal
Finlelstein
lorton
Saxon
Byers
[.oszlzowsii
Byers
Fronsdal
Saxon
ilorton
f.oszkowsli
Fronsdal
Caxon

Finkelstein




II1I, Current Research Activities

1. Weak Interactions

In the light of recent developments - ¢.¢., digcovery ¢f twe neutrincs
and possible violation of #35 =._Q rule - a. re-examination of the possibili-
ties of a theory of wenk interactions mediated by vector bosenst 2 is
underway. Experaimental conscquences of various assumptions regarding the
symmetry properties of the coupling of the bosons te the leptonic and
non-leptonic currents are being calculated.

Electromagnetic corrections to isosvin celection rules: Vith the
aid of dispersion rclatienc, we are calculatin~ the Z* -decay rate
assuming A I = 1/2 in the absence of clectromagnetism. ¢ assume a
phenomenclorical model to calculate the strong and veak vertices.
iiodel parcmeters are cbtained from the 29 -decay rate and strong inter-
action experiments. The calculation is not expected to yield the correct
Lt ~decay rate, but will yield scome insisht into electrcmagnetic viola-
tions of isospin cclection rules. To obtain a non-vanishin: rate,
this calculation must take three particle intermediate states into
account. It, therefcre, will also increasc cur familiarity with two
and three particle amplitudes. Resonant pion-pion and pion-kaon states
will also be included and studied. These amplitudes may be "Reggeized"
and their contributions studied from this point of view as well (with W. Dunwocodie).

2. CZtrongs Interactions

L cloce and fruitful collaboration between the High-Znergy experi-
mental group under Professor Ticho's direction)and ocur rroup exists. hs
a result of this ccllaboration last year, reliable estimates for the
X* -n scattering phasc shifte for I = O are being obtained from X* -D
scattering data with the aid of calculations using the 7090 IBLi ceomputer.
Some properties of {-m scatterinr are being inferred from their measure-
ments of pion preduction in X* -D and £*-p collisions. The calculations
for this work have been sct up jointly by us and the experimentalists

and are being carried out by members of the cxperimental «roup.

The recent discovery by Ticho's srcup of a = -1 rescnance has
stimulated us to study the rceneral properties of ancrular correlation
functions in the production and decay of unstable particles., Restrictions
on these functions owins tco rencral conservation laws (Parity and
angular momentum) have been noted Ffor certain cascs by Yang3, Capps’
and Ctapp and Gattod. The underlyin~ limitations on the structure of
these correlation functions resulting from rotational and time reversa
invariance and parity concervation has been studied and reneralizations
of the results hereto obtained have been found. In addition, new
restrictions have been discovered which may allow for unambifuous
determination of the sping of the decaying particles from data of the
type that is pregently available (with S. Penster).



3. Meissner Effect in Supcrconductors

The discovery of quantized flux gave a strilin~ confirmation of thc
pairine of electronic states first sugrestcd by Cocper and made the basis
¢f the Bardec:-Cooper - Schrieffer theory. During the year 1931-52,
the penetration of ctatic mapgnctic ficlds into superconductors was
studied using the BCT thecry in order te firnd cdeviatione from the Londen
penetration law. These deviations arc expected to be appreciable when
the energy rap is sufficiently small., /i simple pairing theory of the
typc® used to explain quantized Flux yi.lds no such deviation. Both
the pairing and the encrpy rap are essential Zeatures of a superconductor.
Yang’ has shown that pairing in systems obeying fermi-Dirac statistics
gives rise to long range crder. OSuperfluids and superconductors exhibit
such long range order. Both superfluids and supurconductors have an
"enersy gap'' in thcir cxcitation spectrum. Studies are now underway
to investigate the conncction between long range order and the uxistence
of an energy gap (with k. Renvink).

References

1. 11, Byers and R.Z. ¥Feierls, Il. Wuovo Cimento 10, 520 (1958).
2. T.D. Lee and C.Il. Yang, rhys. Rev. 11%, 1210 (1%60).

3. C.H. Yang, ¥hys. Rev. 74, 764 (1948).

4. R.H. Cappe, Phys. Rev. 122, 629 (1951).

5. R. Gatto and H.P. Stapp, Phys. Rev. 121, 1553 (196G1).

5. I, Byers and C.il. Yany, Phys. Rev. Lett. 7, 45 (1961).

7. C.M. Yang, Rev. l.cd. Phys. 34, 694 (1932).
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Prof. k. Finkelotoin

Hlementary Particle Theery

1, General Covariance

Since the weak interacticns are characterized by a handedness, haci's
principle sugrests that physical space time is also characterized by a
handedness, or tcrgion. If one tries to work out a theory of the strong
interacticns which respect parity, in a space sthich does not, onc cxpects
an inconsistency unless certain weak interactions, which alse violate
parity, are dintroduced. The preceding idea ic the basis of a propram
for relating the weak to the strong interactiong with the aid of the
principle of rencral covariance.

An attempt has been made te explere in a cystematic way the impli-
cations of general covariance for clementary particle theory. Accord-
ing to this prorran we investiyate theorics in which the parameters of
the local Lorentz rroup and the local rauge croup arc arbitrarily position
dependent.  While the connection of the Lorentz group is associated
with the rrovitational ficld the connecticn  of the rauge group is
agssociated with the clectromagnetic and weal: vector . rypy
There arisc in this way ccrtain kinds of theory which are less
ad hoc than the usually discussed symmetry schemes. We hope in par-
ticular that thesc more natural theories may prove fruitful in the
discussion of the hypothetical vector mesons responsible for the
weak couplinrs.

1=

It will be necescary to devise either larrangian or nonlagran-~ian
nethods fcr extracting dynamical information from these quantized form-
ulations of these theories.

2. High Bncrsy Neutrino Bxperiments

Independent of the preceding approach,
it ig planncd to investirate the weak interactions with the
aid of currcntly available techmiques and in particular tc concentrate
on possibilitices which are opencd up by ncutrino ccattering at hirh
encrsries.
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Assoc., Prof. C. Fronsdal, Asst. Prof. R, Morton and Dr. X.T, Mahantappa

Joint Rescarch fictivities

bwch of the current research of these investirators is beins donc
in closc collaboration and is discussed below: (additicnal rescarch done

1

by these investipators individually is listed separat:ly)

Early in 1992 a program was initiatcd at UCLA aimed at cbtaining
a systematic theory of production phonomena in elementary particle
ccllisions. The naturc of thic preopgram is twefold; to develop the
mathematical netheds that are required, and to apply thesc methods to
physical problems. Zignificant propress has already been achieved
within the first part (Fronsdal, lorton and liahanthappa, Phys. Rev. 127,
1847 (1962) and manuscript submitted fer publication in Journal of
itathematical Physics.). /Aipplications tc particular physical prccesses have
been started concurrently with the further development of the general
theory. Before describing our mcthods we list the problems that are
under active study.

1., Disintegration of the deuteron by ncutrons. (with H. Rostami)

This is of interest mainly as a probe of the ncutron-neutron inter-
action. It is of speccial concern to UCLA becausc one of our experimental
groups (headed by Prof. York) is planning extensive measurcments.

2. Disintepration of the deutcron by negative pions uith pamma-emission.

This process alco may scrve as a probe of the neutron-neutron
interaction. The ecxperiment is goin® to be carricd ocut at UCLa by a
~roup headed by Prof. Haddcck.

3. Pion producticn by protons or piens on pretens.(with ... “nicht)

h theory of pion production prccesses is cssential for understanding
the detailed structurc of pion-nucleon scattering and photopreduction of
picns. (Dr. Arnold, who joined UCLa this year, and Dr, Ball, who we

hope will join the faculty next year, have both been working actively

cn this preblem.) ‘“lhen the preposed pion factories come intc cperation
both pion-nuclecen scattering and pien production procerses will become
much better knoun, presenting an increasing challensge te imnroved
theorctical analycis. (A proposal to build o pion factory at UCLA

will soon be subnitted to the U.3. Atomic Bnergy Commission.) WUork on
the influcnce of pion production on photcoproduction is in prerress.

4. Threoe-picn decay of the X-mescn.

nos

The theorctical analysis cof such processes is beset with diffi-
culties of the same nature as these that arc encountcred in nroduction
of particles. Our methods will alleow us to treat preciscly those
aspects of the problem that had te be ignored in carlicr treatments.
Given an adequate theorctical analysis this decay may {ive important
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information about pion-pion ccattering (in collaboration with J. Scott).

5. Analyticity in complex anpular momentum.

Cur methods allow a simple discussion of analyticity in angular momentum
(Regpe poles), Ffor amplitudes of decay and of scatierins of unstable par-
ticles. iAnalytic structures and threshold Lehaviour have been studied.

e now turn to a brief discussion of our methods.

The advent of the Mandelstam representation brought a revolution to
the theoretical treatment of scattering of clementary particles, but no
technique of similar power is known for production amplitudes cor decay
anplitudes. The difficulty in either cace is the existence of complex
singularities. Ye have found that representations not much more cemplicated
than the ilandelstan representation, invelving integrations over real
contours only, arc satisfied by important contribution: to production
and decay amplitudes. This makes it possible to give an adequate account
of the complex sinfularities.
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hgsoc., Prof, C. Fronsdal

Research Activities (in addition to joint work with Horten and Lahantagnme)
.

In axiomatic field theory one frequently 2ncounters the »roblem cof
findins the most reneral function which vanichos In a certain revion and
whose Fourier transifori also vanishes in o certain rc~ion. 4. novel
method for solvin~ such “roblems is under devalennent. (in collaboration
with W, Hall)

Nnsst. wrof. . illcrtoen

Research sctivitiee (in addition to joint work with Fronsdal and Mahantappa)

Bmploying a priori reasonable aproximations, the leptonic hyperon (i.e.,
N and &) deccay rates can be calculated in terns of the ratas for the
ifio and Xe; decays and the coupliny constants for the il and .[* mesons to
hyperonc and nucleons. In order to checit tie resultc ol thic calculation
for the A decay, the required ¥* couplin~ constant is bein; determined by
extrapolation of the m + p —> A + ¥ associatcd production data to the H¥
"pole'. (uwith 2. Collas)
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hssoc. Prof. Michel A. PMelkanoff
Current Rescarch fctivities

Optical lodel

A. Applications of the Optical iodel

1. Analysis of elastic scattering of deuterons against complex
nuclei at intermediate energy (with T. Sawada).(One article
in preparation.)

2. hAnalysis of elastic scattering of protons against selected
nuclei at many energies:

a) p - C at 30 to 40 Lev.
b) p - lig at 6 to 30 Lev.

c) p ~Cu at 5 fo 30 kev (Paper submitted to Padua Conference
with Olkowsky and Nodvik.).

3. Applications of Optical liodel Transmission cocfficients to
Statistical hodel of lucleon Reactions (paper submitted to

Padua Conference with Mani).

4. Investipation of giant resonances predicted by optical models
for protons and neutrons.

5. Calculation of clectron scattering form factors from sclected nuclei.

B, Fortran Programs

Several programs are being prepared for publication in Univ. of Calif.
Press Publications in Automatic Computations.

a) SCATG: FORTRAM program of optical nodel analyses of spin one
varticles against zero tpin targets.

b) KNGS and DGS: FORTRAK programs designed to optimize optical
model analyses fits to scattering data by automatic simul-
taneous variation of the model parameters.

It should be pointed out that therc have been numercus requests for
thesc programs. The first publication in the series, SCAT4, which
deals with optical model analyses of incident spin 1/2 particles,

is about to enter into a third printing of 1500 copies after sell-
in~ out 1400 copies in the previous two printings. California Press
tells us that this is an unprecedented event.

C. Future Plans

Besides continuing with the procram above, it is planncd to apply

the optical model to scattering of high cnergy deuterons, a particles,
pions and X-mesons by means of automatic seaxch proprams, and to make
an overall survey of nucleon scattering at a number of cnergies for
representative nuclei,
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Assoc. Prof. 5. Moszkcwski

1, Muclear Many Body Problem (S. Moszkowski)

The problem of simulating the hard core in the nucleon-nucleon poten-
tial by a velocity-dependent but non-singular interaction was ctudied with
special reference to the implications for nuclear matter calculations.

As was shown previously by others, it is possible to construct
velocity~-dependent potentials, which give the same S-wave phase-shift
Vs. energy as a static potential with a hard core, but such a potential
will give several Mev-per-particle morce binding of nuclcar matter. We
have shown that this differcnce can be directly attributed to the diffcrent
behavior of the two-particlec wavefunction at small interparticle spacing.

Also, both kinds of potential can be handled by the "scparation
methed", in which the interaction is split into a short range and a long
ranre part. The short rangc part contains all of the repulsion and just
cnough attracticn to pive no scattering in frec space (for S—waves at a
fixed energy). When this is done, the rcmaining long ranpc part is a
good approximation to the e¢ffective interaction and may be trecated by
perturbation theozy.

2. Nuclcar Surface (with E. Peressini)

According to the Thomas-Fermi approximation, the cneray density at
cach point in a medium is a simple function of th¢ local particle
density (and independent of its gradient). ‘e are investipatine the
accuracy of this approximation at the nuclear surface by several differ-
ent methods. All these resultc obtained so far suggest that guantum
mechanical corrections to the Thomas Feormi approximation are an order
of magnitude smaller than might have been cexpected on the basis of
dimensional arguments alone.

Also we have developed a simple modification of the Thomas-Fermi
approximation which gives more accurate results for the sum of
cicenvalues for particles in a diffuse well potential. A report is in
preparation.

3. Two Dimensional ikodel

We have used a two dimensional analog of the nucleus in order to
gain insight into various nuclear properties. This model contains ~surprisingly mar
of the essential features of actual nuclei, such as saturation, shell
structure, nuclear deformation and pairing. These calculations -ure
compax ativgly simplce if harmonic oscillator wavefuncticns are used. It
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turns cut that many rclaticns which hold exactly in two dincnsions hicld
very ncarly in three dimensionZ. .. report is in preparation.

;. lluclcar ilodcls

/. monorraph on nuclcar models is in preparaticn. This will be pub-

liched by licGrau dill Co.
5 Beta Decay

The manuscript for a monosraph on beta ducay (in collaboration with
C.3. Ylu) has becn completed and will be sudmitted shortly tce Interscience-
Wilcy Co.



] B

D,S, Saxon

A. Optical Model

1. A systematic analysis of all available elastic scattering,
polarization and total cross-section is underway. The
theory of the optical model will therefore be used as a
guide to help fix these parameters (with C, Troutman),

2. The relationship between local and non-local potential
operators is being studied, It has been shown that an
equivalence between local and non-local operators can be
established provided the range of the non-locality is small
compared to the over-all spatisl dependence of the potential,
Equivalence means that the local and non-local potentials
give rise to the same asymptotic wavefunction (scattering).
A paper is now in preparation,

3. A monograph on the optical model is in preparation. The
first draft is about 2/3 completed (in collaboration with
A,E.S. Green).

B. Direct Interactions

1. A semi-phenomenological calculation has been carried out
using approximate distorted wavefunctions of the type suggested
by McCarthy and Pursey but which include the focussing effects
of the optical potentical, (with T. Menne)

2, Distorted wave calculations have been carried out in which
spin-orbit terms are included in the distorting potential.
(with J. Templin)

C. Nucleon-nucleon Interaction (with C. Dismukes)

A phenomenological analysis of nucleon-nucleon interactions has
been carried out using a velocity dependent intergetion instead of a
hard-core, as just suggested by Peierls, The one pion exchange potential
is used to fix the potential at large distances. The results are
good and are being written up for publication.

D. Three and more bodly problem (with J. McGuire)
I

A simplified one dimensional three body problem has been found
which can be solved;exactly.
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L. Approximation l.othods for Scattering and Propagation (yith R. Hourardy)

Propafatién of clectromarnetic waves in an anigotropic inhomoweneous
nediun hac been studied. Some results were presented ot the International
Symposium on Elcctrcmagnetic Theory which took place in Copenhagen in
June, 1962. A morc detailed account is in preparaticn.
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Dr. R.C. nrncld

A program is underway to gain some insight intc beth the symmetries
and the dynanics of strong interactions through computatiocnal methods
rccently developed using the analytical properties of scattcring and
reaction amplitudes. The conccpt of analytical continuation in the
complex angular momentum planc is combined with the known propertics
of the ncw unstable elementary particles. Assistance in the mathematical
drudpery is obtained from the 7090 computcr. Particular problems under
study are concerned with the pion-nucleon, pion-hypecron and kacn-hyperon
resonance formation, and multichannel reaction processes such as picn
production in pion~nuclcon collisions. ’

Dr. R. Bryan

Nucleon-Mucleon Scattering

Cur current prorram involves the study of low enerry (0 to 300 tiev)
nucleon-nucleon scatterin~ in terms of multi-pion resonances. The
resonances are treated as particles, and predictionc are made on the basis
of the corresponding one-boson-exchanre notentials, these inserted in
the “chrddinger equation. Reasonable predictions have been made for
P and hi~her anrular momentum states in p-p scattering usins the J = 1~
w and intermediate mesons, the pion, and a postulated J = 0% meson
(with C. Dismukes and Y. Ramsey). This study is nou beins extended
to include n-p (T = 0) scattering over the same energy rance (with
E.L. Scott).

Dr. X, T. ilahantappa

The possibility that the large mass differcnces between the various
baryons is due to the presence of vector bosons ueakly coupled to a
primary baryon has been explored.

A paper has been submitted to the Physical Review,

The analytical properties of the scatterins amplitude in the
complex angular momentum plane when the external mauses are anomalope
are being studiced.

The Landelstam representation is being used to study the amplitude
for the process m + w1 -~ X + £ ., ilumerical calculations will be éarried
out after making analytical approximations using 1I/D method. The results
will be made use of in ctudyinr the Xaon form-factor.
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Dzr. . Pandvya

iuclear Shell hiedel

An attempt was made to study the naturce of the offcctive nucleon-nucleor
intcraction frem an analysis ¢f nuclcar spectra scmcwhat mere thercurhly
than is usually done in shell model calculations. TFox this purnose, one
of the beet available cases today sec¢ms te bg the cxyren isotepes. Cpins
and paritics of 10 states in Olo, 01® ancl O20 are nown. The analycis
of the level snectra leads to a determinaticin of the matrix clewents of
the effective interaction (assumed to be o twe-body fercc) in various
states of two neutrons. These matrix cleuments ar« further analysed in
terms of Talmi Interrals of the offcctive peitential. The results throw
sone livht on the nature of the intcraction in varicus ansular wmomentum
states of two particlus (with isotopic npin unity). The interaction in
even statcs appearc to conrist of 1 short-ranrc attractive forcoe »lus
a repulsive, non-sincular core, a result nore i line with our knowledg:z
of nuclear forces than most shell model intera ong considercd up till
now. Thc¢ forces in the odd statuc are unfertunat.ly not unambigucusly
daetcrmined, and it is pointcd out that an cxperircntal deterwination cf
J = % state in 018 would be very helpful in elucidation of this point.

It is intendcd now to undertake an extcasive analysis of the eneryy
level spectra in the regions » = 18-20, 4 = 30-3<, and & 980 in the
frameviork of the nuclcar shell model to study the relaticwmsiip of the
collective type spectra to configuraticn nixin~ and ncutron-proten inter-
actions. (with I. Greecn)
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Publications by Staff Members

Dr, Nina Byers
1. "Inteéractions of Low-Energy Negative Pions with Nuclei,"
Phys. Rev, Vol. 107, 843-849, August 1, 1957,

2. "Two-State Model of Fermi Interactions,” with R,E. Peierls, Il
Nuovo Cimento, Vol. 10, 520~524 (1958).

3. "Energy and Angular Distributions of Mesonic Hyperfragment Decays,”

with W.N, Cottingham, Nuc, Phys, 11, 554-568 (1959)

4, "A Note Concerning the Magnetic Moment of the Muon," with
F, Zachariasen, I1 Nuovo Cimento, Vol., 18, 1289-1290 (1960).

. N =3 + - < < N .
5. ™"The Decay s> /A +e +e and the £ - A relative Parity,"

Phys. Rev., Vol. 121, 281-282, January 1, 1961,
6., '"Theoretical Considerations Concerning Quantized Magnetic Flux
in Superconductors,” with C.N. Yang, submitted for publication

in Physical Review Letters.

7. "Parity Conservation in éfLE&/\' + ¥ . Il Nuovo Cimento, Vol.22,
N.5 (1962).

Invited Paper

"Quantization of Magnetic Flux in Superconductors', Am,Phys. Scoc.,
Los Angeles, December 1961,
Dr. R. Finkelstein

1. "Spacetime of the Elementary Particles," J, Math, Physics 1,
440-51 (Sept. 1960),

2. "Spinor Fields in Spaces with Torsion," Annals of Physics 12,
200-21 (Bebruary 1961).

3. "Elementary Interactions in Spaces with Torsion," Annals of
Physics 15, 223-49, (August 1961).

4. "The Strong Couplingz in a Space with Torsion," Annals of Physics
379-403, (March 1962).

5. "The Weak and the Strong Couplings and General Covariance,"
Annals of Physics, (to appear, Nov.-Dec, 1962).

Invited Paper

"n~e Decay™, Am, Phys. Soc., Los Angeles, December 1958.
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Dr. C. rronsdal

1. "Unitary Irreducible Representation of the Lorentz Group” Phys. Rev.
113, 1367 (1959),

2, "The Representations of the Lorentz CGroup in Guantum Liechanics,” Part

IV of a serics of scminars given by members of the Theoretical Studies

Division, CERH, Geneva.

2, "On the p-meson Decay with Inner Bremsstrahlung,'" with H. Uberall,
Phys. Rev. 113, 654 (1959).

4. "4 Generally Relativistic Ficld Theory,” Muovo Cimento 13, 988 (1959).

5. "Completion and Embeddin< of the Schwarzscihild Solution,”" Phys. Rev.
116, 788 (1959).

6. "On the p-meson Decay," with 5.L. Glachow, Phys. Rev. Letters 3, 570 (1959).
1 -—

7. "Spin~-Orbit Corrclations in Bhabha Ccatterins ™ with B, Jaksic, Phys.
Rev., 121, 916 (1931).

8. "Spin-Orbit Corrclations in p-c¢ and ¢ - o Scattering," wuith A. Barut
Phys. Rev. 120, 1861 (1960).

9. Mhnalyticity of Vightman Punctions," Journ. liath. Physics 2, 748 (1951).

1

10. "On Simple Groups and Strong Interaction Symmetries," with R.E. Behrends,
J. Drecitlein and D.VW. Lee, Rev. Mod. ¥hys. 34, 1 (1662).

11. "The Hany-Body Problem," Lecture notes from the 1961 Bersmen Summer School
W.A. Benjamin, 11.Y. 1962. (Editor)

12. "Intcrral Representation for a Scattering Amplitude with Complex Singular-
ities,” with I.T. Mahanthappa and R.E. Horton, rhys. Rev. 127, 1847 (1952).

13. ‘'mMore Integral Represcentations for Scattering fimplitudes with Complex
Singularities,” with R.E. Norxton and [.T. liahanthappa, subnitted to

Journal of liathematical DPhysics, 19062,

14, '"Weak Interactions,’ Lecturc notes from the 1962 Der wn Summer Schocl, W.A,
Benjamin, (11.Y., 1952, (Editor)

Invited 2aper

1. "Group Theory and Applicaticn tc llenentoary rarticlec,” Brandeis 1962
Summer Schcol.
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Dr. L. ilellzanoff

R . . R . ! L .
"Optical idodel finalysis of Elastic Scattcering of 125-iwev K -hesons in
Wuclecar Emulgion" (with Price, Stork, and Ticho), Phys. Rev. 113, 1303
(1959).

"Scattering of Deuterons and Heavier Particlces!' Procceedings of the
International Conference on the Huclear Optical ilodel, p. 207,
florida State University, Tallahassce, 195€C.

"Optical ilodel Potential for X -kiescns,"” (uith Prouwse and Stork)
“hys. Rev. Let. 4, 183 (1960).

N
"D = 0 i liluclcon 2hasc Shifts Bascd on Optical liodel' (with Prowsc,
Stork, and Ticho) Phys. Rev. Let. 5, 108 (1960).

"L PORTIAM Program for Elastic Scatterin~s Lnalyses with the Huclear
Optical Model!' (vith Hodvik, faxon, and Cantor), Univ. of Calif.
Press Publications in Automatic Computations, 1961,

"On the Shape cf the Imarinary Part of the Cptical hodel T'otential,”
(uith lodvik and Saxon), Proceedines of the Rutherford Jubilee Interna-
tional Confercncwe, kianchester, 1951, p. «ll.

"Ontical i:odel analysic of Elastic Scotturing c¢f Tretonz on Carbon at
Intermediate Energics,” (ith Wodvil and Dulke), Phys. Rev. 125, 975
(1962).

. L . . ) P - . . . ..
"Cptical liodel JAnalysis of 260-ricv 2 -tieson Elastic Scatterina,” (with
lielmy, Prowse, and Stork), Phys. Rev. 127, 254 (19352).

“artificial Lancuagces and Matural Lan~uares," This is a chapter in the
book, "llatural Lanruarc and the Computer', cdited by Paul Garvin,
licGraw-Hill. (to be publishcd)

"Cptical i.odcl Tarameters for the Interaction of Intermecdiate Znerpy
Deoutcrons with Huclei," (with bawada and Cindro), Yhys. Let. 2, 98 (1962).

"Investigation of Cptical Model Surface nbsorption Based on Intermediate

Znerpy p-Cu data," (with Olkowsky' and ilcdvik), submitted to the International

Symposium on Direct Interactions. and luclcar Reaction Pechanisms, Padua
(1952).

"Statistical i.odel Calculations of Mcutron Inducced Reactions in iledium
Weirht Hucled,” (with lani), Proccedings of the International Symposium
on Direct Intcractions and Wuclear Reaction licclianisms, Tadua (1962),
(to be published)
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Dr. 2. lioszkowshi
1. ¥roton-lleutron Interaction and thec (p,n) Rcaction in Mirror Kuclei,”
Phys. Rev. Letters 3, 98 (1959).

2. "Superfluidity of HMuclear HMatter,' with R.L. iiills, a.M. Sessler,
D.G. Shankland, Phys. Rev. Letters J, 331 (1959).

>

3. "Thecries for Anrular Distributionc in Low Zncrry Nuclear Reactions,”
(serics of six lecctures presented at the Laurence Radiation Laboratory,
Livermere, California in 1958) editcd By J. Benveniste and E.H. Schwarcz.
UCRL 5701. CTrinted for the U.S3. ftomic Enerry Commission, 195¢.

4. "Muclcar forces and the vroperties of Nuclear Matter,” wwith B.L. Ccott,
finnals of Physice, Vol. il, 65 (1660).

&
5. M"Calculation of l.atrix Blemonte in the Beta-deocays Sc 0 and T,V with
.9, lelly, Zeitschrilft fUr Physik 158, 304 (1960).

5. YHole-Holce Interactions and the Propertics of Nuclear slatter,' with
ALii. Sessler, iluclear lhysics 18, 539-37%1 (1980).

7. "Imazinary Qart of the Optical Potential in Ilucloar matter,” with
J. Sawicki, luclear Physics 21, 456-.51 (1950).

8. "Bnergy of a Low Density Heutron Gas," with D.C. Sood, kuclear Physics
21, 582-594 (1960).

G, "Nuclear Coupling Schemes with f-State Intoractions,"iVroccedings of
Zingston Conf. cn Hucliear Structure, p. 502-505 (Aupust, 1960).

1

10. "The Tensor Interaction and lluclear l.atter,”" with Bruce Scott, Annals

of Physics, Vol. 14, 107-119 (1651).

11, "S8ystematics of Beta-decay iuatrix Elcements,” Procccdings of the Rutheford
Jubilec Confercnce, lanchester, 2ngland, §89-595, Heywood, Co., 19562,

12. "Huclear latter Calculations usin~ the Separation Liethod," with B.L.
Scott, 'Nuc. Phys. 29, 655-371 (1962).

13. "Binding Dnergy of Lambda Particlcs in fluclear battoer usine the Scparation
liethod," with ¥.C. Socd and M. Taherzadeh (Nuovo Cimento, 23, 188-172,
(1952).

14, "On the Zncr

¢y Distribution of Terms and Line /irrays in Atomic Spectra,”
Prog. Theo. Thys.

28, 1-23 (1952).
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1

15. ™MThoory of Multipole Radiation,” Chapter XI of Alpha Beta and Gammae Roy
Cpectroscopy,” uvdited by . Sicrbahn, lorth liolland Putlishin+ Company,
Aamgterdam, in press.

15, "On the Simulation of the Hard Core by a Velocity Depundunce,” ihysical ieview,
JSelrwazy 15, 1,33,

Invitced lancrs

1. "MNuclcar Forcec and +he Propertics of lluclear natter," hmcrican Fhysical
focicty, ilew York, January 1%60.

2. '"Systcmatics of 3tz Decay l.atrix Zlewents,' Rutherford Jubilec Conference,
lanchester, 1951,

Dr. Richard llorton

of Fixud Source lkoson

1. "Complcte Scet of Dispersion kelations For A Class
with Abraham Zle¢in, Phys. Rev, 109, 534 (1958).

Theories,”

2. "Sipnificance of the Redundant Colutions ¢f the Low-Jick LBquation," with
Abrahom Zlein, ¥hys. Rcv. 109, 991 (1658).

3. '"Conscquences of A Pscudovector Coupling and the Universal B-Decay,” with
W.N. k. Watson, Phys. Rev. 110, 996 (1953).

4. "Cormutation Rules and Spurious Lipenstates in loluble Field Theories,"
with W,{.R, Watson, Phys. Rev. 116, 1957 (1959).

5. "Runaway i.cdes In Lodel Fficld Theorics,"

125, 1422 (1962).

with lidney Coleman, Phys. Rev.

5. M"IF and { Meson Pole Contributionc To Luptonic F, Decay," Phys. Rev. 126,
1216 (1962).

7. See C. Fronecdal, R f.12.

8. Secv C. Fronsdal, R£.13.
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Dr. D, Saxon

"nnalysis of Elastic Cross Scction and Polarization of 10 Mev Proton," (with
J.3. llodvik) Phys. Rev. 117, 1539, 1960.

"Prcceedings of the International Confercence of the Huclear Optical i.odel,"
(Bdited with A.E.S. Grecn and C.E. Porter) Florida Statc University, Studics
Ko. 32 (Itarch, 1959).

"iiodified WiB liethods for the Propagaticn and Scattering of illectromagnetic
Waves," IRE Trans. on Ant. and Prop., AP-7, Sp. Supp. (December 1959).

"Determination of the Ferward Scattering Amplitudce from the Optical licdel
Potential in the Hiph-Znergy Limit," (with Q. Lippcricide) Phys. Rev. 120,
1458-1459 (Mov. 15, 19060).

"The Tarameters of the Optical ilodel Dotcntial and their ihysical Interpreta-
tion," Proc. Intl. Con{. lluclear Structurc, Zingston (19500, Pg. 197-208.

Contributor to: Project Scrrente funort (classificd), Leonard Licberman,
editor, University of California, Scripps Inst. Occanography (19%5u).

See Ii. Melkancff, Ref. 5.

See M. lelkancff, Ref. 5.

"Propagation of Electromagnctic Waves in an Anisotropic licdium," (with
R.W. Hougardy) Symposium on Elcctromagnctic Theery and Antennae, Copen-
hagen (1962).
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Invited Papers

1. '"lodificd VKB licthods for the lroparation and Scattering of Electro-
mafnctic Woves,” International Symposium (URSI) on Electromapnetic
Thecory, University of Tcrouke, Torouke, Canada (June 1959).

2. "The Optical Ticdel Paramcters and their Physical Significance,”
Intcrnational Conf. on Nuclcar Structurc, Guecn's University,
Kingston, Cntario, Canada (fAu~. 16060).

2. "iccent Vieus of the Mucleus,” fimer. NAgsoc. Phys. Teachcrs, San Luis

Obisgpo (Lurs. 1680).

Dgs -, Arnold
1. "Scattcerine of ilerative dicscens by Hydrogen at 120 and 152 bev (with U.E.
Xrusz), FPhys. Rev. 116, 1008 (ilov. 12, 1959).
2. "Vector iiesons and the £, XN Intcractions,'" (with J.J. Sakurai), to be
publiched in Phys. Rev., 1962 (Abstract appcared in Pays. Rev. Letters

Hovember 1, 1962).

3. "Pion-lluclcon Interactions in the Intermediate Bnergy Renge,” (Thesis,
U. of Chicafo), submitted to Phys. Ruev. for publication, Dec. 1962,

Dr., R, Bryan

. . + R .
1. T"Scmiphencmenolorical Theory of | Hyperon-Proton Scattering up to
150 tiev," R.A. Bryan, J.J. dc¢ Swart, R.E. ijarshak, P.S. firnell, Phys.
Rev. Letters 1, 70 (1958).

2. 'lew Scmiphenomenological Proton-Proton Pctential,” R.a. Bryan,
Il T'wovo Cimcnto 15, 895 (1930).

3. "Boundary Condition l.odel for Prcton-Yroten Scattering,' D.¥. Saylor,
R.A. Bryan, and R.Z. liarshak, Phys. Rev. Letters 5, 266 (1960).

4. "Thrce-l.csen i.cdel for n-p Scattering," k.a. Bryan, C.R, Dismukes, and

{1.C. Ranmsay, submitted to lluclear Physics.
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Dr, . Mahanthappa

"Dynamics of Zpin 1 Particle System," (with lathews et al) , Phys. Ruev.
115, 478 (1959).

- 17

"Antinucleen and Nucleon finnihilation and m-m lesonance,” (with Sudarahal
¢t al), Proccedings of the 1660 finnual International Confercence on High
Encrgy Physics (Interscience Publishers, Inc., Mew York, 1960), p. 173.
t

"Multiple Photon Production in Quantum Zlcctrodynamics," Phys. Rev., 120,

329 (1962).

“"Expoectation Valuce Formalism in Quantum Ficld Theery I," (with Bakshi),
J. of liath. Thys., in press.

“"Expectation Valuc Formalism in Quantum Ficld Theory 1I," (with Bakshi),
J. of hath, %Phys., in proecs.,

See C. Fronsdal, Ref. 12.

"Baryon kLiass Split+ting and ‘lcal and Strong Ccuplings,” (with Ramsay) pre-
print, Thyc. ..v., in pres

See C. Fronsdal, Ref. 13.

Dr. S. Yandya

. - .29 . -
"The Unified liodel for Si™7," 2rog. Theor. lthys. 21, 431 (1959).

’

"Collective Vibrations in P3l,” (with V.X, Thankappan), Huclear
Physics 19, 303 (1960).

. R . . .30 . -
"Collective Vibrations in Si~ " (with V.X. Thankappan), Muclear
Physics (submitted for publication), in press.

n

"iuclear Spectroscopy with llon-local Totcntials,” (with ALl Fitra),

Nuclear Physics 20, <55 (1960).

"Wuclcar Intcractions in the . hell iicdel," (with S.i. Shah), Nuclear
Physics 24, 326 (1961).

&
A Shell fiodel Calculation for Scattering of Electrons by Beg
Y.R. Vaghmare), ¥Prog. Theor. ZPhys. 25, 822 (1961).

" (with

"A ltudy of Bffcctive Nuclear Intceractions in Finitce Mucledi," (with
S.K. Shanh), lluclear Physics (submitted for publication), 38, 420,(1962).

"Sceparable Non-local Interactions in Huclei,” (with V.L. Narasimham
and S.X. Shah), Muclear Physics 33, 525 (1962).

"Or. the ilaturc of Effective Interactions in Oxyren Isotopes,' submitted
to Nuclcar Physics.
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v. Tublicaticns b act Ctalf nenbers and extended visitcers
p

cd, "Ctructure Theorcm for thc Fhoton Srovanctor," Thys, Rov. 115,

2. H. H., fricd and D. R. Yennie , "Hicher Czrder Terms in the Lanb Shift
Calculation," Zhys. Rev. Lett. ., 583, 194¢0.

.

3. I.oui. Fried, "Exampnle of a Solutle Field Thecry with Jindite Charge
Renormalization,'" Phys. Rev. 118, 1427, 1950.

o

4. H. M. Fricc, "Bormal Paradox in Quantum Zlectrodynamics,"
? )

16492, 1550.

Phys. Rev. 118,

5. H. ii. PFricd and D. L. Yurscy, "Or tic Troof of Parametric Disncrsion
Relaticns," 2hys. Rev. 124, 1281, 16461,

1

5. H. M. fricd and J. Plcbanski, ". remack orn the Theory of Fermions with
Hizher Crder Derivatives,” Mucveo Cin. 18, 8o, 16060,

7. $. X¥hler, "On thc Scparation tiethnd for Calculutins the lwclear
Reaction idatrix," ann. Phys. 16, 375, 1651.

3. 5. XBaler, "Reactieon latrix theory for o finite nucleus by the Separa-
tion licthod," ilucl. Thys. 38, 5561, 1%.2.
t

9. . D. Zunz, "fin alpha particlc model for vome lizht nucledi,” dAnn. chys. 11,

275, 1960,

10. P, D, funz, "Iacl
I, 1

11, I. Z. lcCarthy and D. 8. Prowse, ", wodel for the Interpretaticn of
&7 llegon copture at rest in complex nuclei,” Hucl. DPhys. 17, 95, 1950.
12, I. 3. ficCarthy awnd D. J. Frowsc, "GQuustion of iluclcon Clusters in
the huclear Suzface," vays. hev. Lett. 4, 207, 1950.

13. I. 3. FcCarthy end D. L. Purcey, "Siwmple Realiotic Treatment of
iluclear Direct Interaction Processces," Phys. Rev. 122, 578, 1961.

J. 8. illodvik, "Influcnce of Details of tie Potential," Froc. Int.
Conf. on iluclear Optical kcdcl,” Flerida Ttate Univ. Studies 32,
16, 1950,

iy W

15. J. ¥lcbanski, “dlectromagnetic Yaves in pravitotional fields," Dhys.
Rev. 118, 1396, 1960.

s and Selection

Radicati ond D. Speiser, "Global Symmetric
Rulcs for Weal Intcracticns," lluove Tim. 2, 385, 1962.



22.

T. Sasalawa, "On the Intrinsic Bxcitation of ZEvon-cven Muclei," Phys,
Rev. in press.

. Sasakawa, "/ new Lethod for solving Eifenvaluc problems," Zubmitted
o Journal of Lath. Fhys.

et +1]

J. Schwincer, "Quantum Variables and the fiction rrinciple," ¥Troc. lat.
Acad. of 3ci. 47, 1075, 19941,

J  Cchuinger, "Gauge Invariance and liags,'
E 1 < 1

Chve. Rev. 125, 397, 1952,
L. Symanzil, "Grundla~en and Gegpenuwirti-cer Dteand der feldpleichunss
freicn Feldtheorice," from "Ucrner Jeiscnbers; and dic Chysik unzsercr
Zeit," pp. 275-29%8, Bdited by F. Vicwer, Craunschweis, 1$62.

T. Taaura and D.C. Choudhury, "Inelastic Zcattering Dy Variocus Muclei,"
Yhve., Rev. 113, 552, 16590,




[€V]

2
.

-~30-

¢. Fublicaticns by wtudertc

(not coauthorced with sta”f member)

~ ~

¢. 5. Comisar, "Cn the Jtructurc cf Str
"
£

Piasma Lhock Vaves in a
Transverse hacnetic Fizld," Physics ¢ S

cny ¥
Fluids, in press.

S, Fenster, "4an Investiration of Coulomb Scatterin: Auplitudes in
the Complex fngular Homentum Plane,"” ilucl. Phys. 38, 438, 1962.

5. Xatz, "Configuraticn of a Plasma in an fxially Zymmetric lsarmetic
Ficld," Physics of Fluids 4, 204, 1961.

R. Lipperheide, "Cn the Theory of Wuclcar Reactions," ann. of Phys. 17,
114, 1952,

T. iienne, "Distorted Vlave Effects in Proton Inclastic lcattering,”
Hucl. Phys. 39, 850, 1962 and proceedings of 1962 Padua cenfercnce

on ltluclcar Reactions.

1

I, Ramsc '5-p higher Tartial Waves and the 3-meson hodcl,"
Y¥ - L ?
subnitted to Phys. Rev.
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Research Activities | (1960 yearly rcport)

A. Nuclear Physics

1.) Optical Model Calculations of Scattering and Polarizations.

2.)

3.)

An automatic search routine has been developed by
M, Melkanoff in collaboration with J.S, Nodvik of the
University of Southern California, This routine minimizes
the deviation from experiment (chi-squared) by finding the
shape of the chi-squared surface in the optical model
parameter space and then proceeding along the gradient to
the minimum, With this new feature, the UCLA optical model
analysis program appears to be the fastest, most precise
and most powerful program available anywhere, It takes
only a few hours to accomplish what was formerly a full
summers work, and the results are more precise., A systema-
tic and definitive analysis of all available experimental
elastic scattering and polarization data is now underway
and various suggested forms of the optical model potential
are being compared in order %o determine the extent to which
the data distinguishes among them., (M, lMelkanoff, in
collaboration with J.S, Nodvik), Isotopic effects and
possible N-Z symmetry terms are also being examined (J.
Templin and M. Melkanoff). In addition, the routine is
being used to analyze deuteron scattering (C, Dismukes
and M. Melkanoff, in collaboration with T. Sawadal.

Alpha Particles Direct Interactions,

A semi-phenomenological theory has been developed for
the treatment of the inelastic scattering of alpha particles
by complex nuclei. Born approximation is used but the ini-
timl and final state alpha particle wave functions are
taken to be distorted by the optical model potential, A
simple approximation is used for the distorted wave func-
tions near the nucleus which reproduces the main features
of the accurately computed wave functions. Good agreement
with experiment is obtained. A manuscript has been submitted
to the Physical Review. (D, Pursey, in collaboration with
I.B. McCarthy)

Inelastic Scattering of Nucleons

The approximation method developed for the treatment
of alpha particle scattering, as described in 2,) above,
is being extended to the case of nucleon inelactic
scattering. A more refined treatment is required in which
focusing effects of the optical model potential are
taken into account. (D. Pursey, in collaboration with
I, B. McCarthy and T. Menne)



4,)

5.0

6.)

7.0

8.)

At the same time a much morg ambitious and detailed
treatment of inelastic scattering is underway using
exact optical model wave functions. Spin-orbit terms are
included so that polarizations can be predicted. An IBM
709 program is now nearly finished, Use will be made of
the automatic search routine described in 1,) above.
(J., Templin,, M.Melkanoff and D. Saxon).

Theory of the Optical Model

A gelf-consistent theory of the optical model potential
for elastic and inelastic scattering is being developed.
Exchange and center of mass terms are included. A discussion
of the determination of the forward scattering amplitude
at high energies from the optical model potential has been
published, Phys. Rev, 120, 1458 (1960). (R. Lipperheide
and D. Saxon).

Nucleon - Nucleon Interaction

A simple phenomenological form of the two nucleon
interaction is being investigated. The question of velocity
dependent interactions is also being examined (C. Dismukes
and S. Moszkowski).

Scattering of Systems with Arbitrary Spin

Generalized WKB approximations are under investigation.
Results have been obtained for the scattering of fermions,
the first case considered (I. Alexandrov and D, Saxon),

Nuclezr Many Bedy Problem

The many body problem of the finite nucleus is being
investigated. The Moszkowski~Scott approximation to the
Brueckner theory, previously applied to an infinite nuclear
medium, is used. Brueckner's approximation, in which the
density dependance of the reaction matrix is obtained from
an infinite nuclear medium calculation, is avoided. (S.
Kohler and S, Moszkowski)

Spin-Orbit S plitting of Nuclear Levels

Several authors 1,2,3, have attempted to account for
the spin orbit splitting in energy levglg 8f nuclei in terms
of the two body spin orbit potentials '7 7’ derived from
scattering data. These calculations have not met with too
great a success. The best calculation is that of Tauber
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and Wu who uge harmonic oscillator function with
Jastrow-type correlation functions and attempt to calcoulate
the binding energy of 0*3 and 010 and the resulting spin
orbit splitting in 015 Their splitting, which is too
large by a factor of three is primarily a result of too
high a nuclear density. AdJjusting the size of their spin
orbit matrix elements to a nuclear density given by

elastic electron scatterins experiments® results in a spin
orbit splitting near that observed experimentally. The
calculations are being extended to the cases of other nucleons
in the 1P shell, 017 and Ca 41, (P.D.Kunz and S, Moszkowski),

B.P. Nigam and M,X, Sunderesan, Phys, Rev, 111, 284 (1958),
J.Sawicki and k. Falk, Nuc, Phys. 11, 368 (1959)

G.EB, Tauber and Ta—You Wu, Nuc. Phys. 16, 545 (1960).

P.S. Signell and R.E. Marshak, Phys. Rev, 106, 832 (1957).
P.S. Signell and R.E, Marshak, Phys. Rev. 109 1229 (1958),
J.L. Gammel and R.M, Thaler, Phys. Rev, 107 1337 (1957).
R, Jastrow, Phys. Rev. 98, 1479 (1955)

U. Meyer-Berkhout, K.W. Ford, and A,E.S.Green, Annals

of Physics 8, 119 (1959).

B. Field Thecory and Elementary Particles

l‘)

2.)

Space time of the Elementary Particles

A program is under way to investigate, within the
frame work of a generally covaeriant quantum field theory,
the possibility that the space-time continuum is characterized
by a torsion or handedness.

The first results have been published in J, Math.
Phys. 1, 440 (1960) and a second paper is scheduled to
appear soon in Annals of Physics. These two papers contain
some of the basic ideas and show how the strong couplings
might be associated with the torsion of space, similar
to the way in which the gravitational interactions are asso-
ciated with its curvature. A third paper describes a space-
time structure which gives a faithful representation of the
strong interactions and the iso spin group, and suggests a
detailed description of the weak interactions as well
(R, Finkelstein). The electromagnetic properties of the
intermediate boson which follow from the above formulation
are also under investigation (W. Ramsey and R.Finkelstein).

Unified Theory of Weak Interactions and Electromagnetism

A unified theory of the weak interactions and
electromagnetism in which the photon and the intermediate
meson of B-decay are regarded as different states of the
same particle, is under investigation, This idea had been
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suggested before by Ward and Salam, Nuovo Cimento 11,
(1959), but in a form which led to certain inconsistencies-
the most glaring of these being that the leptons did not
have their experimentally observed helicities., A modified
version of the Ward-Salam theory was constructed which

does not have this helicity problem, and which also is
readily extendable to include the non-strangeness

changing part of the hyperon decays.

There are a number of as yet unanswered questions:

(a) Does the theory predict a large enough mass for the
intermediate meson to guarantee the weakness of the
weak interactions?

(b) Is the theory renormalizable? Ward and Salam
originally claimed that their theory was
renormalizable, but this was later shown {c be
wrong.

(c) VWhat can one do about the strangeness changing processes?

A paper on this work has been submitted for presentation
at the American Physical Society meetings at Berkeley.
(R, Norton and P, Kaus in collaboration with W.K.R. Watson)

Runaway Solutions

A study has been made of the various ways a theory
with runaway solutions can be modified so as to eliminate
the runaway properties without at the same time altering
the desirable features, Although this work has been
confined mostly to a study of linear field theories, it was
motivated by the idea that at least one of the procedures
may be extendable to non linear theories and could
conceivably lead to a modified, improved version of a
physical theory such as quantum electrodynamics.

A manuscript on this research will be submitted for
publication shortly. This work was carried out mainly
at the California Institute of Technology. (R.Norton,
in collaboration with S. Coleman)

Form Invariance in Quantum Electrodynamics

All possible groups of linear transformations which
leave the physical results of the theory unchanged were
investigated from a general point of view, Of particular
interest were the transformation properties of such quantities
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as charge, mass and commutation vector under the Pauli
transformations, An outline of results was presented at the
January 1960 meeting of the American Physical Society

in New York: a detailed paper will be submitted to Il

Nuovo Cimento (J. Plebanski and D. Pursey).

Multi-fermion Theory of Quantum Electrodynamics

The Pais-Uhlenbeck treatment of theories with higher
derivitives was re-examined using Schwinger's action
principle. It was proved that the indefinite metric of the
theory follows from first principles. A paper is being
prepared for publication in the Physical Review. (J.Plebanski,
in collaboration with H. Fried)

Simple Model of a Field Theory

A simple model which preserves the mathematical features
of real interactions was studied. The model contains
only one boson and two fermions, without momentum dependence,
but with as general an interaction as possible., The model
appears to be soluble and solutions have been obtained
in some special cases. {J, Plebanski)

Velocity Dependence of Gravitational Interactions

The gravitational interaction between two bodies
moving at high velocity has been studied. IExamination of
the simplest cases appears to indicate a velocity
dependence of gravitational forces (J. Plebanski),

Special Coordinates in General Relativity

An important proof was completed showing the indepen-
dence of physical conclusions on special choice of coordinates.
The method makes use of the projection of physical data to
observers at infinity by means of light rays. This work will
be published in Acta Physics Dolamca (J. Plebanski),
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Appendix B
Research Activities (1961 yearly report)
A) Nuclear Structure

1) Nucleon-Nucleon Potential

The proton-proton interaction is being examined from
the standpoint of pion resonances., The pion and the J =
17 F and ®w mesons are taken into account in the model.
In addition, a J = 0% meson is introduced in order to
provide the necessary attraction in the interaction. Good
qualitative agreement with experiment over the 0 - 300
Mev pp scattering energy range has been obtained. (R,
Bryan, in collaboration with W. Ramsey and C. Dismukes).

2) Nuclear Many-Body Problem

The separation method described in the previous annual
report has been applied to the study of the nucieus 0.
Brueckner's approximation, in which the density dependence
of the reaction matrix is obtained from an infinite medium
c«lculatlon, was avoided, Fairly good zgreement with the
experimental binding energy and radius was obtained. (Kohler),
Work on the derivation of the nuclear surface thickness and
surface energy from a more basic two~body interaction has
continued. The effect of changing particle density at the
nuclear surface on the density of kinetic and potential
energy (i.,e., the inhomogenity effect) has been studied and
found to be much smaller than expected on the basis of
dimensional arguments alone, (S, Moszkowski in collaboration
with L, Wilets).

The Moszkowski-Scott separation method has been reexamined
in the case of tensor forces. A simpler formalism has been
developed for treating the states of coupled angular momenta.
As a conseqguence, the short-range t-matrix now exhibits the
same behavior with respect to varlation of the separation
distance in the 351 state as in the O state. (R. Bryan),

3) Nuclear Coupling Schemes

It was shown by Kiss linger and Sorenson that many features
of nuclear spectra can be explained quantitatively by assuming
the effect of interactions can be separated into 1) an
average potential, which determines the position of single
particle levels, 2) a quadrupole interaction which leads to
deformations and 3) a pairing interaction which leads to a
special favoring, energetically, of 0+ states in even-even
nuclei.,
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We are attempting to calculate the magnitudes of the
parameters used in the Kisslinger-Sorenson model starting

from the more basic two-body interaction and also to see to
what extent additional effects must be introduced for a
realistic understanding of many-particle coupling schemes.
Considerable insight into this problem has been attained with
help of a two-dimensional model, (S. Moszkowski)

Quantum mechanical corrections to the cranking model value
of the nuciear moment of inertia are being investigated. It
appears that such corrections may be quite appreciable,
especially in light nuclei. (T. Sasakawa).

4) Optical Model and Scattering Theory

Inelastic scattering of medium-energy nucleons from
various atomic nuclei is being investigated using the
distorted-wave Born approximation. J, Templin is using
a partial-wave expansion of the distorted, optical-model
wave functions in order to calculate the differential cross
section and polarization of the inelastically-scattered
nucleons., Comparison has been made with experiment and
the results are being prepared for publication, T. Menne has
used the idea of McCarthy and Pursey to express the distorted
wave function in a simple, analytical form. A check against
experiment has been made and good results for the differential
cross section were obtained except in the forward direction.
A preliminary report of these investigations has been
submitted to Nuclear Physics.,

Superconductivity

Flux quantization in superconductors was shown to follow
from fundamental principles of quantum mechanics and the
electron-electron correlations proposed in the Bardeen,
Schrieffer, and Cooper theory of superconductivity, This
work showed that the current carrying states in multiply-
connected superconductors were thermodynamically stable.
(N, Byers in collaboration with C.N., Yang.).

A derivation of the Meissner effect based on the same
principles was obtained. The derivation yields in first
approximation the London value for the depth to which a
magnetic field penetrates into a superconductor. It is now
being carried out in a higher approximation to obtain
corrections to this value. (N, Byers).

Field Theory and Elementary Particles

1) General Covariance and the Elementary Interactions
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The investigation of generally covariant theories with
gauge groups is being continued. There is in press (Annals
of Physics) a paper on the strong couplings and in manuscript
a discussion of the weak couplings. (R, Finkelstein and
W. Ramsay).

2) Representations of Lie Groups in Elementary Particle Physics

Work on the representations of Lie groups is being continued.
The beginning of this work is being published in the January
issue of Reviews of Modern Physics. (C. Fronsdal in collabor-
ation with J, Dreitlein of Stanford Univ.)

3) Vertex Function

The properties of the vertex functions in axiomatic field
theory are being studied. An attempt is being made to extend
results obtained by others in the case of massless particles,
to the more general case of particles with mass, (C. Fronsdal
and D. Hall)

4) Parametric Dispersion Relations

The parametric dispersion relations (conjectured by
Nishijima on the basis of perturbation theory) were shown
to exist for at least the special case of decay processes, and
related parametric relations have been proven for the more
interesting cases of scattering and production. (H. Fried
and D. Pursey).

5) Regpe Poles

The relativistic generalization of the analysis of
potential scattering by Regge is under investigation., (N,
Byers),

6) Approximations to Unitarity

An independent investigation of functional techniques
was begun for the purpose of formulating approximations to
unitarity, (H. Fried).

7) Model Field Theories

(iii) The structure of the determinantal function

E - H
E ~-H
[¢]

D(E) = det ( ) is being sought in order to understand

the validity of Levinsin's theorem for theories with
multiple channels or production amplitudes. (Norton)
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8) Production Amplitudes

An attempt is being made to construct a theory of producticn
amplitudes, in particuiar 7 production in 7-N scattering,
The basis of this work is an approximate generalized
Mandelstam representation, based on a Cini-Fubini type
of approximation, (Fronsdal, Norton, and Mahanthappa).

9) Multiple Production of Bosons

Some progress has been made on these problems with the
use of techniques developed by Schwinger. Three papers
are in press (two in J. Math. Phys. and the third in
Phys. Rev.), (X, T. Mahanthappa).

10MWeak Interactions

a) The cross-section for the resonant production of very
high energy electrons by neutrons was calculated on the
assumption of an intermediate boson. A previous calculation
was in error. (N, Byers).

b) A calculation by methods of dispersion theory has
been performed in an attempt to correlate the rate of

decay /v -« p+ e+ ¥ with the rates of the two other

decay processes K —» p + : and X — mw+e + ¥ . (Norton),

c) A calculation, similar in procedure to that above,
is at present in progress to obtain the rate K' -->u* + e
+ e . (Norton).



