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II. Progress Reports; 

1. R. H. Capps: 

Paper 1 and 2 on the accompanying list are concerned with the bootstrap 

hypothesis of Odorico, the hypothesis that the zeros in PP » PP reaction 

amplitudes are linear in the Mandelstam plane (the energysquared, momentum

transfersquared plane). Here P.denotes any member of the pseudoscalar

meson nonet. In paper 1, this hypothesis is extended to PP ♦ PV and PP ♦ 

Py amplitudes, where V is a member of the vectormeson nonet, and v is a 

photon. The interactions involving the V meson are predicted to be those 

obtainable from the quark model, and the uucp mixing angle is predicted to 

be arctan (1//2), in agreement with experiment. It is assumed initially 

that the photon interacts as an arbitrary combination of SU(3) singlet, 

octet isosinglet, and octet isovector parts. A small number of solutions 

were found; in one, the photon interacts as a Uspin singlet, in agreement 

with observation. However, the V » P\ decays are predicted to involve a 

term of definite strength that corresponds to an SU(3)singlet photon. Ex

periments are not yet accurate enough to test this prediction. 

The most important result of paper 2 concerns PP scattering. There 

are two possible solutions to Odorico's conditions on the Interactions of 

the P mesons with vector and tensormeson Regge trajectories; one solution 

corresponds to the quark model. Odorico has given arguments in favor of 

the other solution. In paper 2 it is shown that if this other solution is 

correct, analogous consistency conditions for W » PP processes can be 

valid only if a tenth P meson exists in an SU(3) singlet state. 
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Paper 3, written with the graduate student Bruno Mathis, concerns in

clusive reactions of the type a + b ♦ c + X, where a, b, and c are specific 

hadrons and X is any set of particles. Various people have argued on the 

basis of Mueller's opticaltheorem analysis that the phenomenon of early 

scaling should be observable in certain regions of the kinematic variables 

if the abc or be quantum numbers are of exotic (I , Y). Here, I and Y are 

the isospin and hypercharge, c is the antiparticle of c, and exotic quantum 

numbers are those unobtainable from threequark or quarkantiquark states. 

In paper 3, it is shown that useful results may be obtained by extending 

the analysis to states of nonexotic (I , Y) but exotic SU(3) representations. 

The predictions can test the SU(3) symmetry of couplings that are inacces t 

sable in interactions of the type two hadrons » two hadrons. 

Papers Completed During Period, May 1, 1972Aprll 30, 1973 

1. "u)tp Mixing and Photon Interactions from an Extension of Odorico's 

Bootstrap", Phys. Rev. Letters 29, 820 (1972). 

2. "Odorico's Bootstrap of Pseudoscalar Mesons", to be published in 

June 1, 1973 issue ofPhys. Rev. D. 

3. "Exotic SU(3) Representations in Inclusive Reactions" (with H. B. 

Mathis), to be published in May 1, 1973, issue of Phys. Rev. D. 

In addition, the following paper, completed before the period, was p'ublished 

during the period. 

"Exotic Fragmenting States in Inclusive Reactions", Phys. Rev. D6, 

1314, (1972). 
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2. S. P. Rosen! 

A. Nonlinear Lagrangians in SU(3) x SU(3) [with A. McDonald and H. 

Spivackl; 

We have continued our study of nonlinear Lagrangians and chi ra l 

SU(3) by looking a t the problems of K., decay and meson-baryon sca t t e r ing . 

In the case of K._ we have t r i ed to construct a theory which would corre la te 

the apparently large value of the % parameter with the masses of vector 

mesons and conjectured scalar mesons through a mass term which breaks the 

ch i ra l symmetry according to the (3 ,3 ) , (6,6) and (8,8) representat ions. 

Unfortunately the Lagrangian contains too many free parameters for us to 

obtain any meaningful r e s u l t s . 

In the case of meson-baryon sca t te r ing we have t r ied to learn some

thing about the nature ch i ra l symmetry breaking by assuming that i t occurs 

solely in the mass term of the Lagrangian and consists of the SU(3) s ingle t 

and octet components of a single representation {(p,p) © (p»p)} of SU(3) x 

SU(3). The Lagrangian is constrained to f i t the empirical masses of pseu-
1+ 

doscalar mesons and T baryons, and i t i s then expected to yield expressions 

for the a-terms for meson-baryon sca t te r ing in terms of the Casimir eigen

values of (p) . Although the empirical values of the a-terms are not well-

known, they l i e in ranges which may be narrow enough for us to eliminate 

cer ta in choices for (p ) . 
2 

One set of choices we have examined i s that in which (p) is a triangu
l a r representation of SU(3). I t then turns out that the meson-baryon a-
terms depend upon two parameters, the Casimir eigenvalue of (p) and the 
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c h i r a l i n v a r i a n t c o n t r i b u t i o n , m , t o the baryon mass. For " r ea sonab le" 

choices of m we find t h a t a l l t r i a n g u l a r r e p r e s e n t a t i o n s , except p = 3 

y i e l d a- terms t h a t a re wel l ou t s ide the empi r i ca l r anges . Thus {(3 ,3) © 

( 3 , 3 ) } symmetry breaking i s the only t r i a n g u l a r type tha t i s c o n s i s t e n t 

wi th the d a t a . 

When we confine (p) to the c l a s s of s e l f - a d j o i n t r e p r e s e n t a t i o n s we 

find t h a t two a d d i t i o n a l parameters e n t e r the theory , and no simple compar

i sons wi th experiment can be made. This case i s now under fu r the r s tudy . 

B. P r o p e r t i e s of Matrix Represen ta t ions of SU(3) [with A. McDonald"!: 

This work grew out of our previous work on c h i r a l symmetry in which 

we expressed the baryon-meson Lagrangian in terms of t r a c e s of products of 

SU(3) ma t r i ce s . We were then faced wi th the problem of e v a l u a t i n g these 

t r a c e s for products of as many as four mat r i ces belonging t o an a r b i t r a r y 

r e p r e s e n t a t i o n of SU(3). In the course of so lv ing i t we developed a number 

of o the r p rope r t i e s , of the r e p r e s e n t a t i o n s of the a l g e b r a . 
3 

Our approach i s based upon the obse rva t ion t h a t ma t r i ces r e p r e s e n t i n g 

a Lie a lgebra a l s o serve as Clebsch-Gordan c o e f f i c i e n t s for the bas i s s t a t e s 

ty of a r e p r e s e n t a t i o n times t h e i r a d j o i n t s t a t e s ijr . Thus products of 

m a t r i c e s , when proper ly chosen, serve t o combine \|i and ^ to form the bas i s 

for ano ther r e p r e s e n t a t i o n ; for example the symmetric product 

tF i 'F jU-ld i jp (Vrf-K J< iu s T i j> . 

serves to combine two octets to form a (27)-plet. Should it happen that the 
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Kronecker product ijj ® \ji does not contain a particular representation, then 

the corresponding matrix product must vanish; for example the symmetric 

combination 
ik-WiV"? 

vanishes because 3 ® 3 does not contain a (27)-plet. Similarly, because 

8 x 8 does not contain a (64)-plet, the properly symmetrized product of 

three F -matrices must vanish. 

To develop this idea we derive a general formula for combining a symme

tric tensor of rank n with an SU(3) matrix to form a symmetric tensor of 

rank (n + 1). Then we can build up tensors of higher rank from products 

of SU(3) matrices. For certain representations these tensors must vanish 

for the kind of reason given above; also they must have zero trace. Thus 

we derive properties of the matrices and compute traces at the same time. 

C. Lepton Symmetry [with S. Meshkov"!? 

In view of the interest in renormalizable gauge theories of weak inter-
4 actions we considered symmetry schemes in which the p,-meson, electron and 

their neutrinos are associated in a single multiplet . The most natural 

symmetry is an SU(4) in which the four leptons are the quarks and their 

anti-particles are the anti-quarks of the group. One subgroup, SU(2)W 
M 

i s related to "muon-number" in that i t transforms muon-type par t i c les into 

electron-type ones: 

SU(2), a : - a 
and another commuting subgroup SU(2) plays the role of isospin for each of 

these doublets 
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SU(2) 

It turns out that Mspin conservation is equivalent to muonnumber 

conservation and to (jLe universality in weak interactions, and so we adopt 

it as one of our hypotheses. It yields two sum rules: one for lepton

lepton scattering amplitudes 

A(v e "» v e )  A(ye ♦ v e ) = A(v e » v U ) (1) 

and another for trident production 

A(v + Z -* n'p, + v + Z)  A(v + Z -* e e"v + Z) = A(v + Z » |j,~e"v +Z) 
|J> |JL \i jjb \li © 

(2) 

The second sum rule is basically the same as the first and comes about be

cause hadrons have zero Mspin. Equations (1) and (2) may well be subject 

to experimental test in the next few years. 

The charge of the leptons is related to the third component of isospin 

^ Q
(
*>  I <*>  I L 

z 2 

and as a result, the sum of the leptonic I and the hadronic isospin I 

is conserved in strangeness conserving semileptonic processes, and so we 

may speculate the total isospin (I + I ) is conserved in these processes. 

This yields a number of sum rules in leptonnucleon scattering and is weak 

pionproduction. The latter process can be brought into agreement with the 

rough data by assuming that the final rrN state is about 207„ I = r. Pre

dictions can also be made about inclusive neutrino interactions. 

If we try to impose the full SU(4) on leptonlepton processes we find 
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that the muon-decay is forbidden. This is due to the fact that no SU(4) 

invariant qq <8> qq interaction contains a term of the type ̂ î ô oq/, which is 

necessary for p, -» e v v in this scheme. The same argument shows that 

muon decay is forbidden in an SU(3) scheme with Konopinski-Mahmoud lepton-

number and p, , v, e , as its quarks. Other symmetry schemes such as 0(3) 

and Sp(4) are ruled out because of the assumed V-A nature of the inter

action. Thus if we wish to have the muon decay via a symmetric interaction, 

we find that SU(2) x SU(2) is the simplest possibility. Such a symmetry 

scheme does not require the existence of heavy leptons, but if they do oc

cur, they must form complete multiplets of the theory. 

References: 

1. S. P. Rosen and A. McDonald, Phys. Rev. D4, 1833 (1971); A. McDonald 

and S. P. Rosen, Phys. Rev. D6, 654 (1972); A. McDonald, S. P. Rosen, 

and T. K. Kuo, Phys. Letters 40B, 675 (1972). 

2. A. McDonald and S. P. Rosen, Phys. Rev. (June 15, 197,3). 

3. A. McDonald, and S. P. Rosen, J. Math. Phys. (Aug.-Sept. 1973). 

4. S. Weinberg, Phys. Rev. D5, 1962 (1972); A. Salam and J. C. Ward, 

Physics Letters _13, 168 (1964) see also the review by B. W. Lee 

Proceedings of XIV International Conference on High Energy Physics, 

(to be published). 

5. S. Meshkov and S. P. Rosen, Phys. Rev. Letters 29, 1764 (1972); similar 

schemes have been considered by F. Gursey and G. Feinberg , Phys. 

Rev. 128, 378 (1962); T. D. Lee, Nuovo Cimento 35, 915 (1965); and 

T. Applequist and J. D. Bjorken, Phys. Rev. D4, 3726 (1971). 
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Papers published: 

1. A. McDonald and S. P. Rosen, Phys. Rev. D6, 654 (1972). 

2. A. McDonald, S. P. Rosen, and T. K. Kuo, Physics Letters 40B, 675 

(1972). 

3. S. Meshkov and S. P. Rosen, Phys. Rev. Letters 29, 1764 (1972). 

Papers accepted for publication: 

1. Symmetry. Breaking in the Meson-Baryon System and Triangular Representa

tions of Chiral SU(3), A. McDonald and S. P. Rosen, Phys. Rev. June 15, 1973. 

2. "Properties of Matrix Representations of SU(3)", A. McDonald and S. P. 

Rosen, J. Math. Phys., Aug.-Sept. 1973. 

3. M. Sugawara: 

Theory of Boson Resonances: 

For the past few years, I have been engaged in the study of boson re

sonances in terms of new self-consistency conditions. These conditions are 

the once-subtracted dispersion relations which are obeyed by the 2-body 

decay amplitudes of resonances and saturated in terms of resonances. The 

subtractions are introduced by choosing appropriately the arbitrary para

meters that can arise in the analytic continuations of these decay amplitudes 

I report that this study has been completed during the past year. In par

ticular, this study has resulted in a new theory of boson resonances which 

predicts an entire spectrum of boson resonances. The resonances which are 

required by this predicted spectrum are not very different from the ob

served ones, though many more experiments are certainly needed to confirm 

this prediction. We can say that no such a theory has ever been proposed 
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before. Hence, the work completed is not only very substantial but also 

quite unique as a theoretical achievement. 

Some of the attractive features of this theory are as follows: First

ly, there is no ambiguity in deriving the underlying self-consistency con

ditions, since they are all the dispersion relations. Secondly, these con

ditions depend on all of, but no more than, the usual characteristics of 

resonances which are the masses, quantum numbers, and decay amplitudes. 

This is because these conditions are the dispersion relations obeyed by the 

2-body decay amplitudes, saturated in terms of resonances. Thirdly, a 

great majority of the parameters that appear in these conditions are deter

mined either by internal consistency or by these conditions themselves when 

they are all combined and satisfied with the smallest number of resonances. 

As a result, remaining few parameters hardly have nontrivial consequences. 

In particular, they have nothing to do with the predicted spectrum of boson 

resonances. 

Some of the important implications of this theory are as follows: The 

most important implication is the predicted boson spectrum which is due to 

the simplest solution to all the self-consistency conditions when the in

put resonances are the observed nonets of pseudoscalar and vector mesons. 

The reason for this input is to incorporate unitary symmetry into this theory 

as much as possible. However, the predicted spectrum does not necessarily 

consist of unitary multiplets for other spin and parity. In other words, 

this theory predicts that unitary multiplets are broken. Secondly, it is 

the implication of this theory that the sequences of resonances terminate 

in both spin and mass. The reason for this termination in spin is essentially 

due to the fact that the sequence of resonances which contribute to the 
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dispersion relations terminates necessarily in spin in the case of the 2-

body decay amplitudes. The reason for the termination in mass is that only 

a finite number of resonances are needed to satisfy all the self-consistency 

conditions available for given spins. 

1. M. Sugawara, Phys. Rev. D, June 1 (1973). 

4. Arnold Tubis: 

A. Strong Electromagnetic and Weak-Interaction Dynamics of Trinucleon 

Systems (with Y. E. Kim and E. Fischbach): 

Our published research in the three-nucleon problem during the past 

year is listed in references 1 through 10. The subject matter of papers 1 

through 4 and 8 through 10 has been described in the Annual Report (AT(ll-l)-

1428) of May, 1972. 

a. General Faddeev Theory (with Y. E. Kim) : 

We have given a straightforward procedure for determining the indepen

dent three-nucleon Faddeev amplitudes for the case of two-nucleon interac

tions in a given set of partial waves. Using this procedure, we have shown 

that three amplitudes were neglected by Gignoux and Laverne in their paper 

(Phys. Rev. Lett. 29, 436 (1972) on the "exact" solution of the three-nucleon 

bound-state problem. 

b. Asymptotic Normalization Parameters of Trinucleon Systems (withY. E. Kim) 
' 3 We have shown that the normalization constant of the P-d tail of He, 

which Bolsterli and Hale (Phys. Rev. Lett. 28, 1285 (1972)), and Kisslinger 

(Phys. Rev. Lett 29, 505 (1972)) have shown to have rather direct physical 
3 significance, is easily calculated from the He momentum-space wave function 
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(which is naturally calculated from the Faddeev equations). This constant 

should therefore have the same status as the trinucleon binding energy and 

electromagnetic radii. Using the trinucleon wave function calculated in 

paper 2, we find a value for the normalization constant in fair agreement 

with the value estimated by Bolsterli and Hale, and in excellent agreement 

with a determination from experimental scattering data using dispersion 

theory techniques (private communication from L. Kisslinger). 

3 3 3 
c. Meson-Exchange Contributions to H Beta Decay and H, He Magnetic Moments 

(with Y. E. Kim and E. Fischbach): 

We have calculated the isoscalar TTTT (a) exchange contribution to the 
3 axial current in H B-decay, using a dispersion sum-rule for off-shell rrN 

scattering. The effect of the a term is to reduce the value of 6(H 
3 -(2} 3 3 -¥(\} 3 
< He|Ap '| H>|( He|Ap | H>) reported in paper 8 and to give better agree
ment with the experimental value of 6. 

We have also shown that in the one-pion-exchange approximation, there is 

an exact cancellation of the recoil and wave function-renormalization contributions 
3 3 3 

to the meson-exchange corrections for H B-decay and H, He magnetic mo

ments. Also there is some indication that this cancellation persists even 

beyond the one-pion-exchange approximation. 

A brief description of this work is given in a paper submitted to the 

Fifth International Conference on High Energy Physics and Nuclear Structure, 

Uppsala, Sweden, June 18-22, 1973. 
References 

1. Faddeev Equations for Realistic Three-Nucleon Systems. II. Bound State 

Wave Functions (with E. P. Harper and Y. E. Kim), Phys. Rev. 6C, 126(1972), 
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2 . Tr inucleon Bound-State P r o p e r t i e s From an Exact So lu t ion of the Faddeev 

Equations wi th R e a l i s t i c Nuclear Forces (with E. P. Harper and Y. E. 

Kim), Phys. Rev. Letters 28, 1533 (1972). 
3 3 

3 . Meson-Exchange Currents and H, He Magnetic Moments (with E. P . Harper, 

Y. E. Kim, and M. Rho), Phys. L e t t e r s 40B, 533 (1972) . 

4 . V a r i a t i o n in Tr inucleon Bound-State P r o p e r t i e s with Phase Equivalent 

Nucleon-Nucleon I n t e r a c t i o n s (with E. P. Harper, Y. E. Kim), Phys. Rev. 

C6, 1601, 1972. 
3 

5. Calculation of the Coupling Constant for Deuteron Exchange in p- He 

Scattering (with Y. E. Kim), Phys. Rev. Letters 29, 1017 (1972). 

6. Independent Faddeev Amplitudes in the Three-Nucleon Problem (with Y. E. 

Kim) to be published in Phys. Rev. C. 
3 

7. The Deuteron-Exchange Pole in p- He Scattering (with Y. E. Kim), 

Proceedings of the International Conference on Few Particle Problems 

in the Nuclear Interaction, Los Angeles, Calif., August-September, 
* 

1972. 
3 3 3 

8 . Meson-Exchange Cont r ibu t ions to H Beta Decay and H, He Magnetic 

Moments (with Y. E. Kim, E. Fischbach, E. P. Harper, W. K. Cheng and 

M. Rho), Proceedings of the I n t e r n a t i o n a l Conference on Few P a r t i c l e 

Problems. in the Nuclear I n t e r a c t i o n , Los Angeles , C a l i f . , August-September, 
* 

1972. 
3 

9 . The Off-Energy She l l Nucleon-Nucleon T-Matrix and P r o p e r t i e s of H and 
3 
He (with Y. E. Kim and E. P. Harper), Conference on Few Particle Pro

blems in the Nuclear Interaction, Los Angeles, California, August-
* September, 1972. 

3 3 
10. Meson-Exchange Currents and H, He Magnetic Moments (with Y. E. Kim, 
I. Slaus, S. Moszkowski, R. P. Haddock and W. T. H. van Oers, Few Particle 

Problems in the Nuclear Interaction. North-Hoiland/American Elsevier Pub
lishing Co., 1972. 
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M. Rho, and E. P. Harper), Proceedings of the International Conference 

on Nuclear Moments and Nuclear Structure, Osaka, Japan, September, 1972. 

5. L. A. P. Balazs: 

The bulk of the work during the preceding year has been concerned with a 

new approach to sca t te r ing a t high energies. I t i s capable of making many 

of the predictions of the multiperipheral or fragmentation models, but avoids 

the very specific (and probably unphysical) high-energy assumptions which 

usually have to be made in these models. I t s main aim is to calculate 

Reggeon and diffract ion parameters in terms of low-energy resonance parameters 

Basically, our approach is to f i r s t dynamically generate a low-and/or 

intermediate-energy absorptive part A, and then calculate high-energy para

meters in terms of A by using finite-energy sum rules (FESR). The calcu

la t ion of A involves the use of approximate un i t a r i ty with quasi-two-body 

intermediate s ta tes and the dual i ty assumption that amplitudes are well 

approximated on the average by Regge exchange , even a t low energies , a t 

l eas t in s t a tes and energy-regions where no resonances are present (reson

ances can always be put in by hand). Since the nonlinear constraint of 

un i t a r i ty plays an important role in our approach, we can make se l f -consis tent 

calculat ions of Reggeon (R) and Pomeron (P) parameters, something which is 

not possible in more simple-minded dual i ty schemes. Our approach, moreover, 

does not en ta i l the solution of any integral equation, as does, say, the 

multiperipheral model, and is usually quite simple to use. 
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Last summer, the above approach was applied to a calculation of the 
2 TTTT diffraction peak height and width . The low-energy resonances were as-

3 
sumed to be peripheral, as in the Harari dual absorptive model , and ex
change degeneracy and two-component duality were assumed. High-energy rm 
scattering was assumed to be dominated by P, p and f Regge exchange, as 

has been demonstrated experimentally by the Purdue high-energy experimental 
4 group . We obtained a total cross section a - 13 mb and a width parameter 

-2 2 
b =- 8 - 9 Gev at ISR energies (s <=» 2000 Gev ). Both are approximately 
consistent with what one can extract from experiment using factorization 

-2 and the np and pp data, which give a =" 15 mb and b f« 12.5 Gev 

In the above calculation we had to assume something about the actual 

nature of the Pomeron. The simplest assumption we tried was that it is 

flat. A better assumption was to take a simple form for the Pomeron propa

gator inferred "from a broad class of multiperipheral models. This gives 

rise to both the P and the f at the same time and permitted us to calculate 

aS in terms of a'. The value of b was not affected too much by what we 

assumed for the P, however. 

Later in the year we tried to see what happens if the assumptions of 

two-component duality and exchange degeneracy are dropped in our dynamical 
* 

FESR approach. This was inspired by the recent work of Barger, Geer and 
Halzen, who showed on purely phenomenological grounds that vector exchanges 

are peripheral in Kp scattering, whereas tensor exchanges are not. Our 

preliminary finding is that the same conclusion also holds for rm scatter

ing, but this time on dynamical grounds. Essentially, our generated back

ground has a slower t-dependence than is given by the Pomeron. We there

fore do not have Pomeron-background duality and exchange degeneracy is 
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broken. We do find, however, that exchange degeneracy may still be reason

able for t <=> 0. 

A second type of application of our dynamical FESR approach has been 

to inclusive cross sections in the triple-Regge region. Such cross sections 

can be related via Mueller analysis to forward particle-Regge "scattering". 

In particular this method has been applied to exotic (I = 2) rr-Reggeized p 
6 • scattering to actually calculate the ppP triple-Regge vertex . This can 

then be related through assumptions like SU(3) and exchange degeneracy to the 

RRP couplings in other processes, e.g. K p -» K X and prr -* pX. The results 

are consistent with what is known about these couplings from experiment. 

Our approach could also be applied to other types of triple-Regge coup

lings, such as PPR and PPP. However, a simpler approach to the calculation 

of these vertices might be to apply a generalized version of the f-coupled • 

Pomeron hypothesis , which relates them to the RRP vertex. Some preliminary 

calculations indicate that this should give results in reasonable' agreement 

with experiment. ) 

A final application of our approach has been to the calculation of 
Q 

average multiplicities at high energies . Here we introduce an underlying 

coupling constant g, which is then allowed to vary. The derivatives of the 

Regge parameters with respect to g can then be related to multiplicity coef

ficients. Two different kinds of assumptions were made about the Pomeron 

intercept <*p(0)., One is the conventional one in which o/p(0) = 1 only for 

the physical g value and moves away from this as g is varied, The second 
9 is the recent Harari hypothesis that the condition o/p(0) = 1 is independent 

of g. The latter gave results in somewhat better agreement with experiment. 
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In these calculations the effects of the relatively small dlffractive com

ponents were ignored. 

1. L. A. P. Balazs, Phys. Rev. D6, 1038 (1972). 

2. L. A. P. Balazs, Phys. Rev. D6, 2301 (1972). 

3. H. Harari, Phys. Rev. Letters 26, 1400 (1971). 

4. J. A. Gaidos et al., Nuclear Physics B39, 7 (1972). 

5. V. Barger, K. Geer and F. Halzen, Nuclear Physics B49, 302 (1972). 

6. L. A. P. Balazs, Phys. Letters 42B, 276 (1972). 

7. L. A. P. Balazs, Phys. Letters 40B, 269 (1972). 

8. L. A. P. Balazs, Calculation of Average Multiplicity in a Simple Scheme 

Incorporating the Harari Pomeron-Intercept Hypothesis, Purdue University 

preprint (1973). 

6. N. H. Fuchs: 

A. Diffractlve Interactions of Photons with Hadrons, Phys. Rev. D7, 

186 (1973); 

Diffractlve interactions of photons with hadrons are described by a 

model based on (a) vector-meson dominance for vertex functions and (b) the 

f-coupled Pomeranchukon. Compton scattering, total photoabsorption, and 

vector-meson production on hydrogen as well as on complex nuclei are treated. 

The approach preserves the good results of the conventional vector-dominance 
i 

model while accounting for its failures in a way that does no violence to 

the basic principles. Agreement with experiment is obtained for the pro

cess mentioned. The central point is that the Pomeranchukon coupling in 

Compton scattering is nonzero because of the existence of a fixed pole at 
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J = 1, and that this pole has two distinct contributions to its residue. 

The contribution due to the third double-spectral function is naturally 

included in the usual vector-meson-dominance scheme; however, that due to 

the Born singularity is not included, so must be put in separately. 

B. Nonconserved SU(3) Currents in the Presence of Exact SU(6) Symmetry ; 

The existence of two SU(6) algebras generated by "good charges" (those 

whose matrix elements at infinite momentum do not vanish) has been recog

nized for some time, although the distinction between them has not always 

been clearly drawn. The generators of SU(6),t _ are essentially the 1 ° W.current J 

* 1 
integrated weak and electromagnetic current densities and related operators . 
The other algebra, SU(6) is an approximate symmetry of the strong 

2 
interaction Harailtonian and it is not known if its generators can be writ
ten as integrals of local operators. Although the two SU(6) algebras are 
isomorphic, they are not the same; however, they are closely related by the 
CVC hypothesis which identifies an SU(3) subalgebra in SU(6)„ to J W, current 
one in SU(6)f, _ . In general, hadron states at infinite momentum do W, strong b ' 
not transform irr«ducibly under the group SU(6) and the problem 

W, current 
3 of discovering the ensuing representation mixing has been attacked in the 

past with some success although not in a systematic fashion. Some time ago 
4 

Gell-Mann suggested that the two algebras may be related by a unitary trans
formation, V. If so, then by finding such a V one would solve the mixing 
problem. Less ambitiously, by determining some of the general structure of 
V one would obtain some properties of the mixing that might be useful. 

Following this suggestion, Melosh has shown that in the free quark 

model the two SU(6) algebras may be related by a unitary transformation 
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V- . Assuming that the algebraic structure of the correct unitary trans-free J 

formation V is similar to that of Vf , one may make predictions for pionic 

decays of meson and baryon resonances , recover many of the good results 

of the old SU(6) scheme for matrix elements of weak charges and correct 

some of the poor results (such as the prediction of G /G = - 5/3). 
A V 

A fundamental question in this context is how different one can expect 
the correct transformation V to be from the explicitly constructed model 

transformation V_ . For example, V,. = exp (i Y, ), where Y,. is free r free free free 
bilinear in quark fields. In general, writing V = exp (iY), we might ex

pect to find Y possessing higher order terms in quark fields. Moreover, the 
extremely simple property of V* that the transformed axial charge V 

ree 
Q V.. transforms as a sum of (8, 1) - (1, 8) and (3, 3) - (3, 3) repre-

sentations of SU(3) x SU(3) might not be generally true. It is surely 

astonishing that the series should terminate in but two terms. 

We point out that (at last in a simple model) even if the generators 

of SU(6)T, ^ are not conserved at the SU(3) level one may still W, current current J 

have an exactly conserved SU(6)„ and a unitary transformation V 
W, strong J 

which relates the algebras and which may be explicitly constructed so that 

its algebraic properties are easily read off. In other words, the SU(3) 

subalgebras of the two SU(6) algebras which,are identified by Melosh (since 
W 

he assumes exact CVC for all light SU(3) generators) are now split into two 
separate SU(3) algebras. The SU(3) generators commute with the 

s t rong 

Hamiltonian, whereas the two SU(3) a lgeb ras now co inc ide only in t h e i r r e 

spec t i ve i s o t o p i c spin SU(2) suba lgeb ras . 

1. R. F. Dashen and M. Gell-Mann, Phys. L e t t e r s 17, 142 and 145 (1965) . 
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2. H. J. Lipkin and S. Meshkov, Phys. Rev. Letters 14, 670 (1965). 

3. I. S. Gerstein and B. W. Lee, Phys. Rev. 152, 1418 (1966); H. Harari, 

Phys. Rev. Letters 16, 964 (1966). 

4. M. Gell-Mann, in "Strong and Weak Interactions, Present Problems," 

Ed. A. Zichichi (Academic Press, New York: 1966). 

5. H. J. Melosh IV,* Ph.D. Thesis, Caltech (1973), unpublished. 

6. F. Gilman and M. Kugler, Phys. Rev. Letters 30, 518 (1973); A. J. G. 

Hey and J. Weyers, CERN preprint TH. 1614 (1973). 

7. N. H. Fuchs, CERN preprint TH. 1648 (1973). 

7. T. K. Kuo: 

The group SU(4) x SU(4) is proposed as the symmetry group for both the 

leptons and the hadrons. In this scheme, the leptons (JJ = LL, e, v > v ) i s 
e u. 

assigned to the fundamental representation (4) of SU(4). The hadronic quarks 
(q = p, n, X, p') also belong to 4. The mesons and baryons transform as qq 

2 and (qq)q, respectively. Note that the SU(4) scheme gives integral charge 

spectra (0, 0, -1, -1) for both the leptons and the hadrons. Also, the 
3 absence of strangeness-changing neutral current can be incorporated natural-

2 3 ly.. However, a straightforward application ' of the SU(4) symmetry leads 

to low-lying "charmed" states, in addition to destroying the good SU(3) mass 

sum rules. 

Let us observe that the lepton mass terms, given by 

HSB = mu/WJ') + m
e(ee)» 

suggest a symmetry-breaking term transforming like (4,4) + (4f4). Further, 

since m » m , it suggests that the vacuum is only SU(3) invariant. In y, e 
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4 other words, SU(4) is spontaneously broken down to SU(3). 

Correspondingly, let us write the hadronic quark mass term as 

HSB = V (*'P#> + V _ U ) . 
H leaves two additive quantum numbers (the hypercharge and the "charm")t 

in addition to an SU(2) group (the isospin), exactly conserved. The (p, n) 

quarks are massless just as the neutrinoes are massless. Further, we take 

m / m 
-E- M -tt M 200 » 1 . m, m X e 

It is immediately clear that for hadrons, SU(4) is spontaneously broken so 

that we will now have very heavy charmed states. Further, the good SU(3) 

sum rules remain undisturbed. 

What can we say about the mass of these heavy charmed states? They 

can be estimated by the usual current algebra rules, giving 

m , , «=> 5 GeV . charmed 

Thus, the lepton-hadron analogy, plus the fact that m /m » 1, leads 

to the existence of heavy (~ 5 GeV) charmed hadronic states. Good SU(3) x 

SU(3) and SU(2) x SU(2) symmetries are natural consequences of this analogy. 

Experimentally, the most direct test of our ideas is the discovery of 

these charmed states, which are heavy (̂  5 GeV), and have only weak decay 

modes. Less directly, we may observe that one expects many such charmed 

states to exist due to their strong interactions with ordinary, uncharmed, 

hadrons. The copious pair production of them from high energy (E ^ 
C M. 

10 GeV) collisions would show up as a rise in the total cross sections. 
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Recently, the ISR measurements of aT(pp) do indicate an upturn for E ^ 

15 GeV. If this is due to the production of charmed particles, then we 

expect a to reach another plateau when one increases E further. Hope

fully such behaviour might be substantiated in the future. 

1. P. Dittner, S. Eliezer and T. K. Kuo, (to be published). 

2. D. Amati, H. Bacry, J. Nuyts and J. Prentki, Nuovo Cimento 34, 1732 
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3. S. L. Glashow, J. Iliopoulos and L. Maiain, Phys. Rev. D2, 1285 (1970). 

4. P. Dittner and S. Eliezer, (to be published). 

5. U. Amaldi et. al, (to be published). 

8. E. Fischbach: 

A. The Parity-Violating Internucleon Potential and Models of the Weak 

Hamiltonian: 

As detailed in an previous proposal we have continued our long range 

program of studying models of the weak Hamiltonian H by means of parity-
w 

violating (p-v) nuclear interactions. This year has seen the publication of 

our review article (with D. Tadic) in Physics Reports which discusses the 

entire theoretical and experimental basis of the present program. 

During the past year work was completed on the calculation of p-v ef-
181 3 

fects in Ta in collaboration with J. Missimer and A. D. Jackson . As 

noted in the previous proposal this calculation takes into account hard core 

effects, particle-hole contributions, and effective charge. We have shown 

that hard core effects strongly damp the vector meson contributions. 
4 The present status of theory and experiment was reviewed in an invited 

talk at the XVI International Conference on High Energy Physics (Sept. 6-13, 
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Chicago and NAL). I t was pointed out t h a t the comparison of presen t day 

181 
theory and experiment in both Ta decay and i n n + p  + d + v shows a 

sys temat ic tendency for theory to underes t imate experiment by an approxi

mately an order of magnitude. 

1. See previous proposal. 

2. E. Fischbach and D. Tadic, Phys. Repts. 6C, 123 (1973). 

3. J. Missimer, A. D. Jackson, and E. Fischbach, Nucl. Phys. (to be 

published). 

4. E. Fischbach, Proc. XVI International Conf. on High Energy Physics 

(Sept. 613 1972, Chicago and NAL) Vol. 2, p. 258. 

B. Phenomenology of Meson Interactions in the DuffinKemmerPetiau 

Formalism: 

This past year has seen the appearance of a number of new and interest

ing results emerging from the application of the DuffinKemmerPetiau (DKP) 

formalism to meson interactions. As noted previously the SU(3) predictions 

for the relative decay rates TT YY» T\ "♦ YY» an<* T\' ~* YY differ in 
the DKP formalism from the results one obtains in the conventional KleinGordon KG 

2 
formalism . The differences can be summarized by the relation 

_ 2 

s i n 2 e id^r= 7 cosed+r± /3 "dT% 
V L mTi 

where d = 1 or 3 for the KG and DKP formalisms r e s p e c t i v e l y . The T]  T]' 
2 

mixing angle 9 i s a l s o d i f f e r e n t in the two formalisms , i t being " n a t u r a l " 

t o a s s o c i a t e the KG formalism with a q u a d r a t i c mass formula and the DKP 
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formalism with a linear mass formula. The DKP formalism explains in a simple 

way the observed ratio: 

R = E G L i J a l = 129 ± 33 
r(TT°-»YY) 

RDKP = I ( ^ 4
 = 9 1 # 1 J m 

TT 

RKO , 1 < V . 22.4 
3 m 

n 

It is also pointed out that the experimental determinations of 8 do in fact 

favor the linear mixing angle in conformity with the DKP description. The 

two formalisms lead to different predictions for the T[' total width such 

that the KG prediction is ruled out by present day upper limits, while the 

DKP result is in agreement with these limits. 

A phenomenological comparison of K decays in the KG and DKP K -pole 
3 

models was published . It was shown that the data, although still impre
cise, favored the DKP formalism over the KG formalism, and that the DKP 
* 
K -pole model actually gave a fairly good accounting of the available ex
perimental data. This paper also contained additional calculational details 
connected with the use of the DKP formalism. 

The previously discussed analysis of the nonrelativistic limit of the 
4 DKP equation has been published , in which it is shown that the DKP field 

has the appropriate dimensions of a classical Schrodinger field. It was 

shown specifically that the only known relativisitic Hamiltonian equation 

for spin-0 fields , the Sakata-Taketani-Feshbach-Villars equation, is sim

ply a restatement of the DKP equation. 



Purdue University -25- COO-1428-320 
Contract No. AT(11-1)-1428 

Two analysis contrasting the DKP and KG treatment of K.» decays on 

formal grounds have been written ' , which spell out the kinematic and 

dynamic assumptions that underly some of our predictions for K _ decays. 

The DKP formalism has been extended to the baryon-baryon-pseudoscalar 

meson (PBB) couplings . In a preliminary analysis it was shown that the 

DKP pseudovector coupling gave the best agreement with experiment, while 

the conventional KG pseudoscalar coupling gave rather poor agreement with 

experiment, as has been known now for some time. Further work along these 

lines is in progress and will be reported elsewhere. 
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C. Meson-Exchange Effects in Triton B~Decay: 

See report of A. Tubis. 


