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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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Legal Not ice 

This report was prepared as an account of Government-sponsored work. 

Neither the United States, nor the Energy Research and Development A d 

ministration nor any person acting on behalf of the Commission 

A . Makes any warranty or representation, expressed or impl ied, w i th 

respect to accuracy, completeness, or usefulness or the information con

tained in this report, or that the use of any information, apparatus, method, 

or process disclosed in this report may not infr inge pr ivately owned rights; or 

B. Assumes any l iab i l i t ies wi th respect to the use of, or for damages 

resulting from the use of, any information, apparatus, method, or process 

disclosed in this report. 

As used in the above, 'person act ing on behalf of the Commission' includes 

any employee or contractor of the Administration or employee of such con

tractor, to the extent that such employee or contractor of the Administration 

or employee of such contractor prepares, disseminates, or provides access to , 

any information pursuant to his employment or contract wi th the Administration 

or his employment wi th such contractor. 



Percentages of Time Devoted to Project by Investigators 

October 1,1974 - September 30, 1975 

Name 

Professors N . H. Christ 

G. Feinberg 

H. M. Foley 

T. D. Lee 

A. H. Mueller 

R. Serber 

G. C. Wick 

Associate Professor R. Friedberg 

Assistant Professors M. -Y. Chen 

J. Finkelstein 

E. Weinberg 

Research Associates A. Guth 

J. Koplik 

% of Time 

100 
- 1 2 

100 

100 

100 

100 
- 1 7 

100 

100 

100 

- 7 

100 
50 

100 
50 

100 

100 

Period 

3 summer months 
academic year 

3 summer months 

1 2 summer months 

3 summer months 

3 summer months 
academic year 

3 summer months 

3 summer months 

1 summer month 

academic year 

3 summer months 
academic year 

2 summer months 
1 academic month 

12 months 

12 months 

Note; During the academic year, the average teaching load for our faculty 

members is one course. A considerable amount of research (in addition 

to that specified above) is performed by the several investigators during 

those nine months. 



Research Report Assistant Professor M i n - Y i Chen 

Professor Chen and Dong-Liang L in, a graduate student, have completed a 

study on the "Nuc lear Mat r ix Element of Neutral Current in Muonic Atom' Decays". 

The nuclear matr ix elements of the par i ty -v io la t ing effects of neutral currents have 

been examined for LI , Li and Be . The matrix elements are related to the mag

net ic scattering data. For Li , for which such data are avai lab le, the calculated 

matrix elements contain the least uncertainty from nuclear structure. For Li and 
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Be, for which data are unavai lable, the j - j coupling model and the intermediate 

coupling mode! have been employed in computing the matrix elements. Wi th these 

nuclear matrix elements, the calculated photon asymmetry parameters change by 

— 4 0 % for Li and — 10% for Li and Be from the simple estimates from the 

Schmidt model. These changes are unimportant for the qual i tat ive studies at the present 

t ime. In the future, however, when the proposed experiments on par i ty -v io la t ing n e u 

tral current interactions in muonic atoms of nuclei w i th non-zero spin are successfully 

carried out, more accurate calculations of the nuclear matrix elements, such as those 

of this work, w i l l become essential. 

For his work in the near future, Professor Chen notes that the experiments on 

possible neutral current interactions in muonic atoms are in the feasibi l i ty testing stage 

for Li , Be and B . The theoretical work has been calculated only for the Li isotopes 

and Be . The calculat ion of nuclear matrix elements for B is somewhat involved, 

as the p shell Is just h a l f - f i l l e d . In view of the experimental interest, I t w i l l be car

ried out, especial ly I f the feasibi l i ty test proves to be successful. 



Research Report Professor Norman H. Christ 

During the summer and fa l l of 1974 Professor Christ continued his attempts to 

f ind a general izat ion of Dirac's theory of magnetic monopoles to a non-abel ian gauge 

theory, w i th posit ive results. I t is possible to construct such a theory provided one e x 

tends the usual symmetry operations to include non-abel ian transformations among the 

f ie ld strengths F and their duals F . Such a symmetry group is necessarily non-

compact which makes quantizat ion of the theory d i f f i cu l t . Consequently his work to 

date has been l imi ted to the classical theory. The conclusions have appeared in Phys

ica l Review Letters 34, 355 (1975). This winter and spring, Professor Christ temporarily 

left this subject and begin working, in col laborat ion w i th Professor Lee, on the problem 

of developing a quantum f ie ld theory expansion about soliton solutions to classical, non

l inear f ie ld equations. Their method follows the usual canonical quantizat ion and e x 

presses the quantum mechanical problem as a power series in a coupling constant g . 

In contrast w i th the ordinary Dyson-Wick expansion, the leading term in their expansion 
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is of order 1/g and is the W. K. B. approximation to the classical solution that they are 

attempting to quant ize. They have appl ied the method to soluble one-dimensional 

f ie ld theories where its use appears quite straightforward and economical . 

In the coming year Professor Christ intends to continue this work on soliton solu

tions, pr inc ipa l ly searching for more real ist ic classical solutions, perhaps approximating 

to some extent the properties of hadrons. In addi t ion, he hopes to develop further the 

non-abel ian theory of magnetic monopoles described earl ier, studying the quantizat ion 

of the theory w i th only vector particles and examining classical solutions to the f ie ld 

equations. 



Research Report Professor Gerald Feinberg 

1. Research from summer 1974 to the present: 

a) Further work on the decay of muonic atoms as a test of neutral current inter

actions. A second paper was wr i t ten w i th M . Y . Chen, discussing the effects of hyper-

f ine structure on the various asymmetries that might be observed in the 2Si — I S i + l y 
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decay In l ight muonic atoms. It is shown that because of these effects i t should be 

possible to measure both the nuclear spin-dependent and nuclear spin-independent 

par i t y -v io la t ing nucleon-muon interactions. 

b) A paper has been submitted for publ icat ion on the radiat ive decay modes of the 

recently discovered ty mesons. It is suggested In this paper that for the 4* (3. 1 GeV) , 

such radiat ive decays may be the dominant decay mode. 

c) A paper is in preparation w i th J. Sucher on the description of po lar izabi l i ty in 

quantum f ie ld theory. This work is relevant to energy levels of muons and other "exo t i c " 

atoms. 

2. Research for the next year: 

a) Professor Feinberg expects to continue work on radiat ive decays of "}> mesons, 

part icular ly on the magnetic dipole transitions between ty(3.7) and ^ ( 3 . 1 ) . The c a l 

culat ion of this decay is an appl icat ion of techniques that he and Professor Sucher i n 

vented several years ago to test M l decays in hel iuml ike atoms. 

b) Professor Feinberg st i l l plans to calculate the e lect r ic dipole moment of certain 

nuc le i , that would be induced by an e lect r ic dipole moment for the indiv idual nucleon. 



Research Report Assistant Professor Jerome f inkelste in 

During the past year Professor Finkelstein has been investigating the properties 

o f the pomeron, the singulari ty which controls high energy di f f ract ive scattering, in 

part icular the question of why this singulari ty should exhib i t factor izat ion properties 

I f i t is not a simple pole. This work, reported in Physical Review D, involves deve lop

ing techniques for calculat ing the amplitudes for high energy di f f ract ion processes in 

a way which is independent of specif ic models. In the year ahead, Professor Finkelstein's 

investigations of the properties of the pomeron w i l l continue, and he is attempting to 

understand the properties of mult ipart ic le production processes that fo l low from some 

simple ideas about the pomeron. 

Another topic which Professor Finkelstein has studied is the behavior of produc

t ion processes at large values of transverse momenta. In col laboration wi th Professor 

!<. Kajant ie he has, in an ar t ic le published in Nuc lear Physics, proposed a scaling law 

for the distr ibut ion funct ion of a large-transverse-momentum part ic le produced in assoc

iat ion w i th several charged low-momentum part ic les. 

Professor Finkelstein has also been attempting to understand the properties of 

the newly-discovered ty particles, and of their interactions w i th other hadrons. In an 

investigation reported in preprint CO-2271-53, he pointed out that the assumption that 

the $ is composed of charmed quarks, when taken together w i th the assumption of con 

ventional dynamics of states produced in ^-proton coll isions, does not account for the 

value of the typ total cross section. His attempts to understand the «|» particles are 

cont inuing. 



Other questions on which Professor Finkelstein expects to work are the com

patibil ity of the 'Reggeon calculus' of Gribov with unitarity, and the possibility of 

understanding the different energy dependencies of high energy elastic and non-elastic 

processes. 



Research Report Professor Henry M . Foley 

Professor Foley's research is in the fol lowing two areas: 

1. It has been known for a very long time that the magnetic f ine structure of ex

c i ted a lka l i atomic states w i th £ > 1 is reversed in sign (or is almost vanishing), w i th 

respect to 'single electron' expectations, in almost a l l cases. This paradoxical property 

of these presumably very simple atomic states has never been explained. Recent ex 

periments In nuclear hyperfine spectra have shown that similar reversals are found in 

the magnetic hyperfine interactions in these same states. It was conjectured here that 

both of these effects arise from the electrostatic exchange interact ion w i th inner p 

shells which results in spin and orbi tal "po lar iza t ion" of these shells. A recent ca lcu 

lat ion for Na 30 confirmed this conjecture. It is intended that a series of calculations 

of the nuclear hyperfine and the electronic spin orbit interactions w i l l be carried out in 

col laborat ion w i th R. Sternheimer of Brookhaven Nat ional Laboratory. 

2. The project previously reported, on the cascade mechanisms of the exot ic atoms 

p-ja , p-ir , p-K , p-p , e tc . (with student David Chang) is nearly complete. They 

have proposed that in addi t ion to the usual radiative and Auger processes, the Inelastic 

transfer of interna! energy of the negative 'mesic' part ic le to the translation of the heavy 

particles may be a signi f icant process. This was borne out in detai led calculat ions, and 

the dependence of the cascade rate on the energy and on the mass of the negative part ic le 

has been determined. It seems that the proposed inelastic process is more signif icant and 

dominates the cascade for the heavier negative part icles. 



Research Report Associate Professor Richard Friedberg 

Professor Friedberg has been working in the fo l lowing areas: 

a) He has wr i t ten, in col laboration w i th J . M . Luttinger, a paper describing a 

" large ho le " result ("Density of Electronic Energy Levels in Disordered Systems"). The 

behavior of the density of electronic energy levels for a simple model of a disordered 

system is studied in the l imit of very low energies. By reformulating the problem as 

one in Brownian motion, i t proves possible to obtain the leading term and the first cor

rect ion to i t . The leading term is just the one already conjectured by E. M . Lifshitz. 

Professors Friedberg and Luttinger are now working on a refinement of the method that 

ought to overcome special d i f f icu l t ies arising in the appl icat ion to a one-dimensional 

system. 

b) Professor Friedberg (with D. Paul of the Engineering School) has wr i t ten a paper 

on the coercive f ie ld for grain boundaries in anisotropic magnetic materials. By con 

sidering the var iat ion of magnetic state through the domain wa l l , they f ind an approx i 

mate formula for coercive f ie ld that matches the order o f magnitude of observed values 

over a very wide range. In part icular, they show that the very high coercive f ie ld o b 

served in certain highly anisotropic cobalt al loys may be the natural consequence of the 

narrowness of the domain wa l l , but that this does not require an abandonment of the 

"continuous" approach. 

c) Professor Friedberg, together w i th Dr. R. Rosen, has studied the stabi l i ty of a 

monochromatic wave passing through a medium wi th nonresonant losses and a pumped 

resonant l ine whose Inhomogeneous width is much larger than the Rabi frequency. 



They found the we l l - known steady-state to be unstable against pulsing, under even 

wider conditions than others have found for a narrow l ine . They are now looking for 

steady-state solutions for the case where the f ie ld is not monochromatic but noisy and 

broadened, w i th a v iew to investigating their stabi l i ty as w e l l . 

In the year ahead, Dr. Friedberg and Dr. Rosen would l ike to prove that 

coherent pulsing (SIT—like solutions) can develop from a noisy broad-band f i e l d . This 

pertains part icular ly to astrophysical masers. 



Research Report Dr. Alan H. Guth 

During the past year, Dr. Guth has been working wi th Davison E. Soper of 

Princeton University on the analysis of the short distance ( i . e . , large momentum) 

behavior of the Bethe-Salpeter wave funct ion. They have analyzed the Bethe-Sal-

peter equation for two sp in-1/2 quarks bound by the exchange of a vector meson In 

the ladder approximation. (Their method can t r i v i a l l y be modif ied to discuss the e x 

change of a scalar or pseudoscalar meson.) For this model, they have derived a 

rigorous asymptotic series for the large momentum behavior of the wave funct ion. 

In the year to come, Dr. Guth and Dr. Soper intend to continue the general 

l ine of research which they have begun. They are planning to extend the work in 

two directions. 

First, they hope to extend the results beyond the ladder approximation. This 

approximation is apparently reasonable for a large class of theories ( i . e . , f i e ld theories 

which have an ul t ravio let stable f ixed point of the renormalization group at a non-zero 

value of the coupling constant), but they would l ike to determine how signif icant the 

corrections to this approxmation are l i ke ly to be. They would also l ike to extend the 

calculat ions to other types of theories for which the approximation is inva l id ( i . e . , 

gauge theories and, in part icular, asymptotical ly free theories). 

Secondly, they intend to use these results concerning the Bethe-Salpeter wave 

funct ion to derive results concerning quantit ies which are at least in pr incip le measur

able. They w i l l start by analyzing the electromagnetic form factor of mesons, and w i l l 

then look at meson-meson scattering. 



Eventually, It is hoped that this general line of study wil l lead to a method 

by which one could extract from a given field theory the high energy behavior of 

processes involving bound states. 



Research Report Dr. Joel Kopi ik 

Dr. Kopi ik has been engaged on the fo l lowing research projects: 

1) Mult iper iphera! mode! of direct muon production (with G .Chu , LBL Berkeley): 

The production of direct lepton pairs in hadron coll isions was proposed a few years ago 

as a test of parton models, but has proved an embarrassment in that detai led numerical 

calculat ions badly disagree w i th experiment. Stimulated by this discrepancy, and the 

fact that mult iperipheral models are moderately successful in describing ordinary hadronic 

product ion, they have constructed a simple pion-exchange model for the direct lepton 

cross section. After adjusting the parameters of the model to agree w i th pion inclusive 

data, they f ind rather good numerical agreement w i th the avai lable lepton data. In 

add i t ion , they have made predictions for future experiments and derived some potent ia l ly 

useful theoret ical cross section formulae, including a simple scaling law. 

2) Regge theory and hadron-nucleus scattering (with A . Muel le r ) : 

They have studied the consequences of the short-range correlation description of h igh 

energy hadronic interactions for hadron-nucleus scattering. Their main interest is to 

understand the fo l lowing experimental facts wi th in this framework: approximately "geo

metr ic " total cross sections, (relat ively) low mul t ip l ic i t ies of produced part icles, and 

the existence of fast secondaries. Since a nucleus can be a large object on the normal 

hadronic length scale (the pion Compton wavelength) i t has proven useful to examine 

both hadronic and nuclear scattering in space-time as wel l as in momentum space. The 

space-time description does lead to a qual i ta t ive understanding of the phenomena, and 

they are presently using momentum space methods to obtain more precise results. 



In the year to come, Dr. Kopi ik plans to do the fo l low ing : 

1) Attempt to understand part ic le production processes in Reggeon f i e ld theory, w i th 

emphasis on the consequences of the lat ter at avai lable energies and the relevance of 

asymptotic results. More general ly, uni tar i ty constraints on models of par t ic le production 

in strong interactions. 

2) Study high-transverse-momentum phenomena by attempting to extrapolate what is 

known about general features of low-transverse-momentum dynamics ( e . g . , space-time 

structure). 

3) Study consistency of the properties of <1>, <1>' , and other new part icles wi th ear l ier 

beliefs and models (once better data is avai lab le) . 



Research Report Professor T. D. Lee 

During the period from Summer 1974 through Spring 1975, the research ac t i v 

i t ies of Professor Lee have extended over the fo l lowing areas of part ic le physics: 

1. Abnormal nuclear states 

The search for possible new superheavy .elements, either stable or metastable, 

has always been one of the main purposes in investigating coll isions between heavy 

ions at high energy. Recently, T. D. Lee and G . C.Wick have put forward some new 

theoretical speculations. Based on a fa i r l y genera! theoretical argument TT. D. Lee 

and G . C . W i c k , Phys. Rev. D9 , 2291 (1974); T. D. Lee, Revs.Mod. Phys. 47 , 2 6 7 ( 1 9 7 5 ) ] , 

they arrived at a rather surprising conclusion: namely, under suitable conditions there 

may exist an extensive region of stable and metastable nuclei w i th nucleon number and 

charge varying from several hundreds to several thousands (or even higher). These n u 

clear states are of an ent i re ly different nature from the fami l iar ones; therefore, they 

are cal led "abnormal nuclear states". Each nucleon in the abnormal state has zero rest 

mass, instead of the usual 940 MeV. Because of the k inet ic energy of the nucleons and 

the potential energy of the meson f i e l d , the mass of the nucleus is, of course, not zero. 

The actual binding energy depends on certain physical parameters: the mass of the Ot-

resonance and its coupling constant. Nei ther Is wel l determined at present. If one 

accepts their typical values used in the l i terature, then one obtains a binding energy 

of about 150 MeV per nucleon for the abnormal states. This is to be compared w i th the 

usual 16 MeV (bulk) binding energy per nucleon for the normal states. 



The existence of the abnormal nuclear states is not sensitive to the details of 

the 0+ resonance. It only requires that there should be some 0+ resonance wi th strong 

interactions. From direct measurements of TITT phase shifts, one knows that there is at 

least one broad 0+ resonance at about 700 MeV. In the l i terature, there Is also d e 

ta i led analysis of nuclear forces which suggests the coupling of the 0 + resonance must 

be quite strong, comparable to that of the p-meson. In order to produce the abnormal 

nuclear state, one must have, over a fa i r l y large volume (linear dimension about or 
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greater than 10 cm), the nuclear density exceeding a certain c r i t i ca l va lue. If one 

takes the mass and the coupling constant of the 0+ resonance to be those given in the 

l i terature, then the cr i t ica l density Is about two times that in the norma! nucleus. 

To reach such a high density over a large volume, the most ef fect ive way is to 

co l l ide two heavy nuclei at high energy, say uranium on uranium at about 2 to 1 GeV 

per nucleon. The energy must be suff ic ient ly high, at least in the few hundred MeV per 

nucleon range, so that the two nuclei can merge wi th a substantial increase in density. 

Ye t , the col l is ion energy must not be too h igh, not more than a few GeV per nucleon, 

so that the 940 MeV change in the nucleon rest mass can play an important dynamical 

role in the formation of the abnormal nuclear state. This energy range fal ls we l l w i th in 

the capabi l i ty of the proposed heavy ion accelerator at Berkeley. It is hoped that these 

experiments w i l l be performed in the future. 

2. Interaction of a dense fermion medium wi th a scalar meson f ie ld 

The Lee-Wick analysis of the abnormal nuclear state is based on a quasi-classical 

treatment only , similar to that used in a Thomas-Fermi model for the atomic system. 

Questions natural ly arise as to other effects not included in such a quasi-classical solut ion, 



especial ly those related to quantum fluctuations because of mul t i - loop diagrams. This 

problem is examined in great detai l by Professor Lee and M . Margulies, his student. 

They examine the nature of the phase transition from the normal to the abnormal state 

and the problem of quantum f luc tuat ion. Both the one- and two- loop diagrams are c a l 

culated. By developing a var iat ional formalism involv ing only two- l ine Irreducible d i a 

grams, they derive a suitable high-density expansion for the energy. The quasi-classical 

solution emerges as the Jowest order term In this expansion. Therefore, when the expan

sion is va l i d , the overal l description of the transition given by the quasi-classical so lu

t ion remains correct w i th the inclusion of quantum corrections. This work has been pub

lished in Physical Review D. 

3. Quantum expansion of soliton solutions 

The non- l inear f i e ld equations which form the basis of quantum f ie ld theory have 

long been known to possess a r ich array of solutions on the classical leve l , some of those 

classical solutions having rather remarkable par t i c le - l i ke properties. Recently, Professors 

Lee and Christ ["preprint CO-2271-55 J have succeeded in developing a general quan

t izat ion procedure which permits the quantum mechanical interpretation of these classical 

solutions and the computation of quantum corrections to them. Furthermore, when the 
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nonlinear coupling g is small, the Hamiltonian is 0 ( g ) and its quantum eigenstate 

becomes of a W. K. B. form, g iv ing a direct connection between the quantum description 

and the corresponding classical soliton solution, which can be in any dimension, ei ther 

time-dependent or t ime-independent. 



4 . Besides the above-mentioned topics, Professor Lee is continuing his work on CP 

nonconservatlon and spontaneous symmetry breaking, questions related to vacuum e x c i 

tat ion and vacuum stabi l i ty , structure of new resonances, the possible existence of the 

intermediate boson and the heavy proton, further applications of f ie ld algebra, high 

energy neutrino reactions, scaling properties, and, above a l l , a possible uni f icat ion of 

the electromagnetic, weak and strong interactions. 

In the years to come, Professor Lee expects to continue working on basic prob

lems In part ic le physics. These shouid include a l l the areas mentioned above, plus 

whatever new discoveries we may uncover in the near future. 



Since early last fa l l Dr. Joe! Kopi ik and Professor Muel ler have been srudyi.-.^ 

i'he scattering of high energy part icles o f f nuc le i . Their mode! for the nucleus :s rncl 

of N completely independent nucleons confined to a sphere of radius R . (Correla

tions are not expected to al ter their description in any way . ) Their main object is to 

decide which experimental quantit ies in hadron nucleus scattering fo l low d i rect ly from 

conventional strong interact ion theory. In part icular, taking the mult iperipheral model 

as a guide to proton-proton scattering, they draw the fo l lowing conclusions: 

i) The usual Glauber expansion, and a!! expansions of proion-nucleus scattering in 

terms of proton-proton scartering that they are aware of, is inconsistent at very hlj-* 

energy. The amount of inconsistency grows w i th energy and in fact becomes a strong 

v io la t ion of uni tar i ty . 

H) The coupling of a single Reggeon and of two or more Reggeons is g iven . The 

single Reggeon is not completely absorbed, as a Glauber model would ind icate, and 

hence the remnants of the f inal states which occur in proton-proton scattering are c lear ly 

v is ib le. Thus there should not be a great qual i tat ive difference in proton-proton reactions 

and proton-nucleus reactions, at least for rapid secondaries. 

i i i ) The simplest way to avoid the mult ip le counting of states which occurs in Glauber-

type expansions is to use an on-shel l coordinate space formalism which they have studied 

In some de ta i l . 

At the moment, Drs. Muel ler and Kopiik are looking at charge exchange reactions 

and in more detai l at the differences between proton-proton and proton-nucleus reactions. 



Research Report Professor Robert Serber 

Professor Serber, impressed by the work of Professors Lee and Wick on abnormal 

nuclear matter, had the idea of applying similar consideration to nuclear matter in its 

normal state. The result has been a nuclear mode! (for common garden-var iety nuclei) 

whose main attractiveness is its s impl ic i ty , which permits a l l properties of the model to 

be calculated in de ta i l . The pr incipal forces between nuclei are supposed to be an 

at t ract ive Yukawa potent ia l , independent of spin and isospin, such as would be produced 

by a neutral scalar meson (a-meson), and a repulsive core. A small exchange potent ia l 

is permitted, which presumably represents the contribution of ir-mesons. The mode! has 

four constants: the radius of the repulsive core, r ; the a-meson coupl ing constant, g , 

and mass p. ( i . e . the range of the Yukawa force); and a constant X which gives the 
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strength of the exchange force. The f i t to nuclear properties is made as fo l lows: g / p . 

is determined to give the nuclear matter its observed density, r to g ive i t the r ight 

compressibil i ty, p to g ive the r ight surface energy, and X to g ive the r ight binding 

energy. The values found for the constants are not unreasonable: r = 0 . 6 1 f , 
2 

u. = 735 MeV , g / 4 i r = 6 .37 , X = 7 . 4 MeV . The most interesting feature of the 

model is its detai led predict ion o f nuclear properties such as the shape o f the matter 

and charge densities. The latter is, in its main features, quite similar to that deter

mined by the electron-nucleus scattering experiments of Hofstadter. 

It is expected that further work w i th this model, and the wr i t ing of a paper to 

describe i t , w i l l occupy Professor Serber for some time to come. 



Research Report Assistant Professor Erick Weinberg 

Professor Weinberg w i l i take up his appointment at Columbia as of July 1st. 

During the coming year he plans to continue working in his present f ie ld of 

interest, the use of semi-classical approximations in quantum f ie ld theory. Recently 

many have speculated that these methods may be useful in understanding composite 

states in quantum f ie ld theory; u l t imately they may lead to a real ist ic description o f 

the hadrons. In part icular, he .intends to work on the fo l lowing problems: 

1) In attempting to do perturbation theory about a classical solution in f ie ld theory 

one commonly encounters apparent infrared divergences arising from the existence of 

a family o f classical solutions which di f fer only by spatial translat ion. Several methods 

have been suggested for el iminat ing this divergence, but he finds none completely 

satisfying. 

2) One o f the more interesting theories to have been studied is the s ine-Gordon, which 

Is exact ly soluble at the classical level and which appears to remain a "per fect " system 

even at the quantum leve l . An interesting question is to what extent i t is possible to 

modify such "per fect" theories and yet st i l l use the special properties of the "per fect" 

system to develop a perturbative treatment. 

3) Most research in this f ie ld has been oriented toward showing the existence o f com

posite states. Professor Weinberg would l ike to investigate the interactions between such 

composite objects, using the semi-classical methods. 



Research Report Professor G ian Carlo Wick 

Professor Wick 's work since his last report has been, in a certain sense, a 

cont inuat ion of the research connected w i th "Abonormal States of Nuc lear Mat te r " . 

The latter work was started by Professors Lee and Wick , or ig ina l ly as an invest igat ion 

into the stabi l i ty of abnormal states of the vacuum. The first paper on this subject le f t 

certain questions unsolved; one of them was the evaluat ion of "surface energy terms". 

In order to study this question, i t seemed most simple to study a one-d imen

sional s i tuat ion, that is, one in which the basic scalar f ie ld depends only on one car 

tesian coordinate. The problem then becomes very similar to the various one-d imen

sional "so l i ton" models that have been studied by a number o f authors. 

Professor Wick spent a certain amount of time fami l iar iz ing himself w i th the 

"c lass ica l " results on solitons, and he has obtained some results that as far as he knows 

were not common knowledge. As an example, he showed that a l l the "conserved cu r 

rents" of the "s ine-Gordon" f ie ld equation that have been obtained by the " In f in i tes 

imal Bdcklund transformation" method are t r i v i a l , in the sense that the t ime component, 

or density, of each of these currents is a space der ivat ive. The corresponding conserved 

quant i ty is, therefore, nothing more than a surface term, dependent merely on the num

ber of solitons. He was able, however, to modify the Backlund transformation method 

in such a way as to obtain for i t a non- t r i v ia l conserved quanti ty, which is the in f in i tes 

imal generator of a one-parameter group of transformations having some simi lar i ty to the 

Bdcklund transformation. The relat ion of this integral of the motion to the integrals 

obtained by Faddeev and others by the inverse scattering method is being studied. The 



possible appl icat ion of such an integral to the quantizat ion problem is also being Inves

t igated, together wi th a dif ferent method based on the study of Green's functions. 

The Green's funct ion method has been appl ied to soliton problems by Jacklw 

and Goldstone wi th modest success. In Professor Wick 's opin ion, their method should 

be modif ied at the very beginning. He is, however, st i l l involved in sorting out the 

self-consistency conditions of the system of relations between the successive Green's 

funct ion. He believes that i f this problem can be solved, i t may y ie ld an important 

method in the study of extended objects in non-l inear f ie ld theories. 
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