
> 
Purdue University COO-1428-303 
Contract No. AT(11-1)-1428 

Annual Progress Report, Task B J W/^^^Pf? 
for June 1, 1971 to May 31, 1972 ^ U U i J o f 

This is the annual progress report by the high-energy theoretists in 

the physics department, Purdue University. This report consists of a list 

of personnel who have worked on this contract and the annual progress re

ports prepared by the individuals. 

I. List of Personnel: 

R. H. Capps (Professor) 

S. P. Rosen (Professor) 

M. Sugawara (professor) 

A. Tubis (Professor) 

L.A.P. Balazs (Associate Professor) 

N. H. Fuchs. (Associate Professor) 

T. K. Kuo (Associate Professor) 

E. Fischbach (Assistant Professor) 

- N O T I C E -
This report was prepared as an account of work 
sponsored by the United States Government Neither 
the United States nor the United States Atomic Energy 
Commission, nor any of their employees, nor any of 
their contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or assumes any 
legal liability or responsibility for the accuracy, com
pleteness or usefulness of any information, apparatus, 
product or process disclosed, or represents that us use 
would not infringe privately owned rights 

OlSFRffiUTON Of THIS BOClTt/eiT IS ufiUlflSI 



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. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



Purdue Un ive r s i t y - 2 - COO-1428-303 
Cont rac t No. AT(11-1)-1428 

1. R. H. Capps 

The first two papers completed during the year May 1, 1971 to May 1, 

1972, were extensions of a program started previously by me, an investigation 

of the manner in which self-consistency conditions of the "bootstrap" type 

can require internal symmetry of fundamental-particle interactions. In the 

earlier papers, I had considered a hypothetical universe involving four sets 

of separately degenerate particles, i.e., mesons of even and odd parities, 

and baryons of even and odd parities. The number and interactions of these 

particles is not specified in advance. I had shown that in such a universe, 

certain simple bootstrap conditions (obtainable from a duality assumption) 

require that the meson-meson-meson and meson-baryon-baryon interaction con

stants correspond to those of a simple quark model. In paper 2, below, the 

algebraic argument concerning the meson-meson-meson interactions is simpli

fied. It is shown that the symmetry group must be of the type SU(n). In 

paper 1, the argument is extended to include photon-hadron-hadron interac

tions, where the photon is defined to be any weakly-interacting boson. If 

the symmetry group in SU(3), the result is that the photon must interact as 

a linear combination of an SU(3) singlet and octet particle. Thus, boot

strap conditions may be the reason that the "vector dominance" hypothesis of 

photon interactions is successful. 

In paper 3, the general inclusive reaction a + b -» c + anything is con

sidered in the fragmentation region of particle b. Particles a and b are mesons 

or baryons. The optical-theorem analysis of Mueller is applied to reactions 

for which the quantum numbers of the (be) state are exotic (not obtainable 

from three quarks or a quark-antiquark pair). It is proved that for such 
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reactions, the presence or absence of energy-dependent terms in the invariant 

cross section a cannot depend on whether or not the (abc) state is exotic. 

It is shown that if a is a smooth function of the kinematic variables, there 

must be a non-zero but limited region of the variables in which the energy-

dependent terms for exotic (be) are small compared to their average size 

when (be) is not exotic. We call this the "extreme fragmentation region". 

Some recent experimental data are noted that indicate that this region is 

of appreciable extent. One of the results of this paper is to clarify a 

recent controversy concerning a hypothesis of Chan, Hsue, Quigg and Wang, 

[phys. Rev. Lett. 26, 672 (1971), the hypothesis that the energy-dependent 

terms vanish whenever (abc) is exotic. Our results indicate that this hy

pothesis cannot be true outside the extreme fragmentation region, but appears 

to be approximately true in this region. 

Papers Completed furing period, May 1, 1971-April 30, 1972 

1. Bootstrap Conditions for Photon Interactions", Phys. Rev. D4, 2997 (1971). 

2. "Special Bootstrapping Property of SU(n) Lie Algebras", Phys. Rev. D5, 

1018 (1972). 

3. "Exotic Fragmenting States in Inclusive Reactions", recently submitted 

to Physical Review D. 

In addition, the following paper, completed before May 1, 1971, was published 

in this period. 

1. "Mathematical Quarks from a Bootstrap Principle", Phys. Rev. D3, 3059 

(1971). 
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2 . S. P. Rosen 

A. Nonlinear Lagrangians in SU(3) x SU(3) fwith A. McDonald]; 

We continued our program of studying the way in which chiral SU(3) is 

broken ' by constructing effective, nonlinear Lagrangians for the baryon 

system. The kinetic and meson-baryon interaction terms were assumed to be 

chiral SU(3) invariant, and the symmetry was broken in the mass term. 

Furthermore the mass term was assumed to consist of the SU(3) singlet and 

octet members of a single representation, {(p,p) + (p,p)} of SU(3) x SU(3). 

It was our hope that, by comparing the Lagrangian with the empirical values 

of baryon masses and meson-baryon scattering lengths, we would be able to 

limit the possible representations to which the symmetry breaking Lagrangian 

could belong. 

Unfortunately we found that even though the Lagrangian was restricted 

to a single representation, it still contained many more parameters than 
(2) 

there were data to fit. ' To deal with this situation we de*. ided to apply 
(3) 

the argument of Kuo that the Lagrangian must be invariant under 

W = exp(i3nY-) , Y- = p(F g - F<5)) . 

The immediate consequence of W-invariance was to fix the relative amounts 

of SU(3) singlet and octet in the Lagrangian and thereby cut the number of 

parameters in half. There was, however, another consequence that we had not 

anticipated: namely, that if we limit the SU(3) structure of the Lagrangian 

to singlets and octets, then W-invariance restricts its chiral SU(3) be-
* * (4) 

haviour to the (3,3 ), (6,6 ) (8,1) and (8,8) representations. ' 
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To examine the consequences of this result, we applied it to the ease 

of TT-TT scattering and found that it predicted the S-wave scatterings to be 
-1 (k") a = 0.26 m , a„ = 0. ' This result is a different from the usual pre-o TT 2 

* (5) dictions of a pure (3,3 )., modelv , and it comes about because W-invariance 

and.octet dominance combine toUglr the chiral SU(2) breaking to the (1,1) 

representation. This type of breaking also implies that the a-term for TT-
(4) nucleon scattering is (8/3) times larger than that of the (%,%) model. 

Other consequences, for n-nucleon and K-nucleon scattering are currently under 

examination. 

B. Weak Interactions; 

(i) Time Reversal; 

Several years ago, Kim and Primkof'f proved that certain time reversal 

(T) non-invariant terms could not contribute to neutron 3-decay because of 

their properties under charge symmetry. Thus the absence of T-violating ef

fects from neutron 3'decay does not necessarily imply that the strangeness 

conserning weak current is T-conserning. We have generalized this result 

toother AS = 0 decays by showing^ ' that the terms which cannot contribute 

to neutron decay cannot in fact contribute to decays within any isomultiplet. 

We have also extended the result to AS = 1 decays by means of V-spin. 

In this case certain T-violating terms cannot contribute to decays within 

V-spin multiplets as a consequence of, their odd behaviour under V-charge 

symmetry. In practice this result is not as useful as the isospin one, be

cause strong interactions are not SU(3) invariant. 

(ii) Lepton Conservation; 

On the subject of lepton conservation laws we prepared a review talk 
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for the Rochester meeting of the Division of Particles and Fields, and, 

in collaboration with Professor Henry Primakoff, of the University of 
(9) 

Pennsylvania we studied the possibility that these laws may break down. 

The particular scheme we considered was that of Konopinski and Mahmoud^ ' 

in which the muonaid electrontype neutrinos are substates of a single four

component neutrino. The particles ^ , e , and v have lepton number L = +1, 

and |x , e , v have L = 1. We then assume that neither lepton number L, 

nor "neutrino chirality" are exactly conserved, and consider the consequences 

for process that would otherwise be forbidden; 

v + p ■♦ e + N 

» e" + A4"4" (A) 

» ^i+ + N 

V + (Z,A) » e" + ̂ + + v + (Z,A) (B) 

K » u. + e + TT i 
+ * +4. J

 (C) 

From the known experimental limits on the processes in (A) we can set limits 

on the leptonnonconserving parameter 5 and on the charality nonconserving 

one T], and then we can estimate the branching ratios for the decays in (C). 

For y, » e Y
 w e obtain a branching ratio of 2 x 10 , and for the Kmeson 

decay we obtain 10 

The crosssection for the trilepton production process in (B) is directly 

proportional to |§| and is expected to be very small at present energies. 

If, however, | is energy dependent at comes close to unity (its maximum 
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value) at large energies (e.g. those at the National Accelerator Laboratory), 

then the ratio of the forbidden process (B) to the allowed one 

v^ + (A,Z) -» n" + e+ + ve + (A,Z) (D) 

will be of order %. 

References 

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

2. A. McDonald and S. P. Rosen (to be published). 

3. T. K. Kuo, Phys. Rev. D4, 3620 (1971). 

4. A. McDonald, S. P. Rosen, and T. K. Kuo (to be published). 

5. M. Gell-Mann, R. J. Oakes, and B. Renner, Phys. Rev. H 5 , 2195 (1968), 

S. L. Glashow and S. Weinberg, Phys. Rev. Letters 20, 224 (1968). 

6. C. W. Kim and H. Primakoff, Phys. Rev. 180, 1502 (1969). 

7. S. P. Rosen, Phys. Rev. D5, 760 (1972). 

8. S. P. Rosen, in A. C. Melissinos and P. F. Slattery, Editors, Particles 

arid'Fields'-1'9 71 (American Institute of Physics, New York, 1971) p. 226. 

9. M. Primakoff and S. P. Rosen, Phys. Rev. D5 (April, 1972). 

10. E. Konopinshi and M. Mahmoud, Phys. Rev. 92, 1045 (1953). 

Papers published or submitted for publications 

See references (2), (3), (7), (8), (9), above. 

3. M. Sugawara 

A. Ambiguity in Soft-Pion Limit of Weak and Electromagnetic Matrix-Eements 

Contrary to the application by Adler and Weisberger of the soft-pion 

technique and current algebra to the pion-nucleon scattering amplitdue, am

biguity arises in the soft-pion limit in the case of the weak and electro-
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magnetic matrix-elements of hadrons. This ambiguity is due to the fact 

that these matrix-elements involve current operators, rather than their 

divergences. We have found a way to remove this ambiguity, which is based 

upon the observation that the time-space current commutators at equal times 

may not be of the simpletst form. Moreover, this observation leads us to 

the soft-pion limits of these matrix-elements which no longer possess the 

difficulties encountered previously in such decays as n -* 2y, T\ -* 3rr, and 

K* -» TT° + t + V . 
1. J. Katz and M. Sugawara, Nuovo Cimento Letters 3, 5 (1972). 

B. Determination of Scattering Amplitudes by Analyticity; 

The purpose of this study is to determine the scattering amplitude by 

continuing analytically all the informations available experimentally on 

this amplitude into the region where no such information is available.. Our 

method to achieve this analytic continuation is to iterate on the computer 

the dispersion relation in which the real part of the amplitude is expressed 

as the integral over its imaginary.part and the one in which the imaginary 

part is expressed in terms of the integral over the real part. The iteration 

begins with an initial guess to the unknown imaginary part. The improved 

imaginary part is then given in terms of the integral over the difference 

between the known real part and the real part computed from this initial 

guess. 

As an example, the forward protron-protron scattering amplitude was 

studied. The reason for this choice was that the most extensive experimental 

informations are available for this amplitude. From the theoretical point 

of view, however, this amplitude is among the most difficult mainly because 
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of its extensive unphysical region. 

The outcome of this study can be summarized as follows. The proposed 

method is certainly powerful but requires very accurate experimental infor-
2 mations. It found that the nucleon-nucleon phase-shift analysis solution 

must fail beyond ~ 350 MeV of the lab. kinetic energy. This leaves such a 

limited amount of experimental informations that determination of the ampli

tude was possible only for the unphysical region but not for the high-energy 

region. 

1. A. Kanazawa and M. Sugawara, submitted to Phys. Letters. 

2. M. H. MacGregor, R. A. Arndt, and R. M. Wright, Phys. Rev. 182, 1714 

(1969). 

4. Arnold Tubis 

A. Pion-Pion Scattering (with S. K. Gupta, 

Purdue University, Calumet Regional Campus); 

Gore has recently derived a family of low energy (< 1 BeV) TTTT phase-

shifts using p-meson data and assumed values for the Chew-Mandelstam para-
2 meter \ as input, and substracted partial-wave dispersion relations. He 

3 has shown that for -0.033 < \ < 0.100, his solutions have Adler zeros . We 

have tested these solutions using highly convergent forward dispersion sum 
4 rules and found that all of them satisfy the sum rules about equally well. 

Thus, it appears that Gore's procedure gives rm amplitudes which satisfy 

crossing symmetry to a much higher degree than that of Le Guillou et al. ' 
CO £ 

If we make the assumption that the real part integrals f Re T dq/q 
1 BeV/c 
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for the crossing-even forward amplitudes T and T are very nearly the 
TT TT TT n 

same, we may find the Gore solution which gives equality of o_ (») for 
To t 

7 * 
these two amplitudes. This solution has S-wave scattering lengths G » 

0.24 7l\ and 0- « -0.03 7ft . The above assumption seems reasonable since 

both amplitudes are presumably dominated by the P' Regge trajectory at high 

energies and contributions to the integrals from resonances in the inter

mediate energy region tend to cancel. The value of 0 is in reasonable 
-1 8 

agreement with 0.211 /7? recently obtained by Morgan and Shaw from uni-

tarity corrections to current algebra results. A paper describing our work 

is now being prepared. 

1. B. F. Gore, University of Maryland preprint 71-012 (1970); Bull. Am. 

Phys. Soc. 17, 25 (1972). 

2. G. F. Chew and S. Mandelstam, Phys. Rev. 1T9, 467 (1960). 

3. S. L. Adler, Phys. Rev. 137B, 1022 (1965); 139B, 1638 (1965). 

4. D. J. George and A. Tubis, Phys. Rev. Lett. 21_, 495 (1968), erratum 21, 

1786 (1968). 

5. J. C. Le Guillou, A. Morel and H. Navelet, CERN preprint CERN TH. 1260 

(1970). 

6. S. K. Gupta and A. Tubis, to be published. 

7. D. J. George, B. Hale and A. Tubis, Phys. Rev. L72, 1740 (1968). 

8. D. Morgan and G. Shaw, Daresbury preprint DNPL/P 108 (1972). 

B. Strong, Electromagnetic and Weak Interaction Dynamics of Trinucleon 

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

Our research on the three-nucleon problem during the past year is de

scribed in references 1 through 9. 
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a. General Faddeev Theory; 

In paper 5, we derive general formulas for constructing the bound-state 

wave function from the Faddeev amplitudes, starting from our previous work 

on the complete angular-momentum reduction of the Faddeev equation. The 

sd - J coupling scheme is used. For trinucleon systems with nucleon-nucleon 
1 3 3 interactions in the S and Sn- D.. states, the complete set of homogeneous o 1 1 

Faddeev equations and formulas for constructing the wave function are given 

in detail, with numerical values for the angular-momentum coupling factors. 

b. Singular-Core Interactions .M 
In paper 1, we show that standard numerical quadrature techniques are 

probably adequate for solving the trinucleon Faddeev equations when there 

are singular-core nucleon-nucleon interactions in a finite number of partial 

waves. Recent calculations based on soft-core interactions give behaviors 
3 for the charge form factor F , ( He) which are in poor agreement with ex-

12 -2 2 -2 
perimental data in the momentum-transfer-squared range lOf < Q < 20f 
In paper 4, we show that Faddeev calculations with a simple pure S-wave 

3 nucleon-nucleon boundary-condition-model give a good fit to F , ( He) in the 
2 above-mentioned range of Q , with a core radius around 0.8f. We are now 

13 doing calculations using the realistic boundary-condition-model with hopes 
3 of obtaining a similarly good fit to F . ( He). 

2 3 7 8 c. Effects of Meson-Exchange Currents; ' ' ' 

In papers 2,3 and 8, we calculate the one-pion-exchange contribution 
3 3 - -to the axial-vector matrix element for H -» He + e + v • The model of e 
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14 Cheng, based on CVC and PCAC, is used to determine the corrections to the 

axial-vector operator, and trinucleon wave functions are calculated by 

solving the Faddeev equations for the Reid soft-core interaction. The S-D 

transition matrix elements give the dominant contributions in agreement with 

previous results of Blomqvist and of Riska and Brown. The calculated 

value of 6(= < He|A. '| H>/< He|X | H>) is about twice as large as the 

experimental value (p* 77„). In paper 7, it is shown that the discrepancies 
3 3 between the experimental H, He magnetic moments and single-par tide values 

are very nearly accounted for by two-nucleon one-pion-exchange contributions. 

About two thirds of the discrepancy in the isovector magnetic moment is given 

by the trinucleon S-D matrix elements. The model of Chemtob and Rho is 

used for the meson-exchange contributions, and the trinucleon wave functions 
6 3 

are the same as those used in the caluclation of 6 for the weak decay of H. 

d. Exact Solutions of the Faddeev Equations; 

In paper 6, the trinucleon bound-state energy, wave function and charge 

form factor are calculated from a direct solution of the complete set of 

Faddeev equations. The nucleon-nucleon interaction (effective in the S 

and S. - D. states) is given by the Reid interaction. |F , He| (cal

culated) is similar to the approximate results of Tjon et al. and has a 
2 -2 12 

minimum at Q = 15.5 f in disagreement with the experimental value 
2 -2 

(Q ) . = 11.8 f . The binding energy is 6.7 MeV compared to an experi

mental value of 8.48 MeV. The comparison of our results with those coming 

from approximate solutions of the Faddeev equations or from variational 

calculations should give some indication of the reliability of various ap

proximation schemes,currently in use. 
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e. Off-Energy-Shell-Effects; 

In paper 9, we calculate trinucleon bound-state parameters using phase 
19 equivalent modifications of the Reid interaction used in paper 6, which 

negligibly affect the one-pion-exchange trial for nucleon separations greater 

than l.Of. We find changes of < 0.5 MeV in the binding energy and no substantial 

improvement in fitting the experimental F , for Q > lOf . Our results 

indicate that three-nucleon forces probably contribute p» 1-1.5 MeV to the 

trinucleon binding energy. 

1. Y. E. Kim and A. Tubis, "Extrapolation to the Limit of Singular-Core 

Interactions in the Three-Body Problem," phys. Rev. C4, 693 (1971). 

2. E. Fischbach, E. P. Harper, Y. E. Kim, A. Tubis and W. K. Cheng, "Meson-
3 3 - * Exchange Effects in H -» He + e + v ," paper delivered at the 

"Symposium on the Nucleon and Weak Interactions," Zagreb, Yugoslavia, 

July, 1971. 

3. E. Fischbach, E. P. Harper, Y. E. Kim, A. Tubis,and W. K. Cheng, "Cal

culation of Meson-Exchange Corrections to Triton Beta Decay Using Re

alistic Nuclear Wave Functions," Phys. Letters 38B, 8 (1972). 

4. Y. E. Kim and A. Tubis, "Calculation of Trinucleon Binding Energies and 

Charge Form Factors Using the Boundary Condition Model," Phys. Letters 

38B, 354 (1972). 

5. E. P. Harper, Y. E. Kim and A. Tubis, "Faddeev Equations for Realistic 

Three-Nucleon Systems. II. Bound State Wave Functions," submitted to 

Physical Review. 

6. E. P. Harper, Y. E. Kim and A. Tubis, "Trinucleon Bound-State Properties 

From an Exact Solution of the Faddeev Equations with Realistic Nuclear 

Forces," submitted to Physical Review Letters. 
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7. E. P. Harper, Y. E. Kim, A. Tubis and M. Rho, "Meson-Exchange Currents 
3 3 and H, He Magnetic Moments," submitted to Phys. Letters. 

8. E. Fischbach, E. P. Harper, Y. E. Kim, A. Tubis and W. K. Cheng, "Meson 

Exchange Currents and Triton Beta Decay," to be submitted to Phys. Rev. 

9. E. P. Harper, Y. E. Kim and A. Tubis, "Off-Shell Effects in Trinucleon 

Systems," to be submitted to Phys. Rev. 

10. E. P. Harper, Y. E. Kim and A. Tubis, Phys. Rev. C2, 877 (1970); C2, 

2455E (1970). 

11. J. A. Tjon, B. F. Gibson and J. S. O'Connell, Phys. Rev. Lett. 25, 540 

(1970). 

12. J. S. McCarthy, I. Sick, R. R. Whitney and M. R. Yearian, phys. Rev. 

Lett. 25, 884 (1970). 

13. H. Feshbach and E. L. Lomon, Ann. Phys. 48, 94 (1968). 

14. W. K. Cheng and E. Fischbach, Phys. Rev. 188, 1530 (1969). 

15. J. Blomqvist, Phys. Letters 32B, 1 (1970). 

16. D. 0. Riska and G. E. Brown, Phys. Letters 32B, 662 (1970). 

17. M. Chemtob and M. Rho, Nucl. Phys. A163, 1 (1971). 

18. R. V. Reid, Ann. Phys. 50, 411 (1968). 

19. M. I. Haftel and F. Tabakin, phys. Rev. C3, 921 (1971). 

5. L. A. P. Balazs 

Most of the work during the past year has been concerned with applica

tions of various forms of nonlinear duality. The main advantage of this 

type of duality is that it gives nonlinear constraints on Regge residues, 

making it possible to make bootstrap calculations of the actual*magnitudes 
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of these residues; this is in contrast to the usual linear Dolen-Horn-Schmid 

duality, which is only capable of giving linear homogeneous constraints on 
t̂. J J _, . , t , ,„ .v ._,.,_ elastic elastic 
the residues. The simplest form (Type A) asserts that a = a 

Resonance Regge 
when averaged appropriately over one or more resonances. Applying it at 
the g resonance in TTIT scattering, for example, one obtains a total g width 

2 of 123 Mev, in agreement with experiment. A generalized for of this type 
3 of duality can also be used to approximately reproduce some of the results 

on the widths and elasticities of intermediate-energy nN resonances obtained 

by Schmid on the more dubious basis of local duality. 
4 The second form of nonlinear duality which was considered (Type B) 

uses the optical theorem and states that A_ = £ Ka„ on the average, 
itegge c Regge 

where A is the forward elastic absorptive part and K is a kinematic factor. 

The sum is over all the reactions c which make up the total cross section 

at the energy being considered. If we consider TTTT scattering below the 3p 

threshold, for example, these would be primarily the TTTT -» nrr and TTTT "* pp 

processes. The latter was originally evaluated by making a simple one-pion 
3 exchange approximation, although it was later found that one can calculate 

2 most of the quantities of interest without using any specific model, but 

assuming, instead, semilocal linear duality and the dominance of I = 1 ex

changes, such as the TT and A~. One advantage of Type B duality is that it 

does not use the resonance description at all, so that one is approximating 

one relatively smooth function by another. Another is that it enables one 

to calculate the residue of the Pomeranchuk trajectory, which has to be in

cluded in A along with the p and f the fact that these trajectories 

dominate high-energy TTTT scattering has recently been demonstrated experi-
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mentally by the Purdue highenergy physics experimental group. For example, 

if we use the LovelaceVeneziano model for all the couplings of the p and f 

trajectories to rrrr, we can calculate the normalization of that model and the 

Pomeron residue by doing a semilocal calculation around the g resonance for 

1 = 0 and 1 = 1 and around the f resonance for 1 = 2 . Our results corres

pond to a p resonance width of 133 Mev and a ="■ 13.5 mb asymptotically. 

In addition to the above program, calculations were also made within 

the framework of the multiperipheral model. One such model, in which m and 

K exchange was included along with the usual TT exchange, was considered in 

collaboration with V. V. Dixit. The ladder graphs for TTTT ♦ TTTT which one 

gets in this case were summed approximately by projecting out into crossed

channel partial waves (continued to unphysical angular momentum) and con

structing diagonal Pade approximants. One therby avoids having to solve an 

integral equation. In practice, only the [l,l] approximant was considered 

and the method applied to the crossedchannel 1 = 1 state at t = 0. A self

consistent calculation was then made of the p Regge residue at this point, 

which was the same as the value given by the LovelaceVeneziano model with 

a p resonance width of 135 Mev. 

Another type of calculation which was tried was one in which a simple 

form for the Pomeron propagator was first inferred from a broad class of 

multiperipheral models. This was then used as a kind of Jplane "effective

range" formula, whose parameters were fitted to various aspects of elastic 

TTTT scattering. Among the parameters is the triplePomeron coupling at t = 

0, which can therefore by calculated by this method. Another is the Pomeron 

trajectory slope, which turns out to be relatively flat, consistent with the 
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recent ISR results for pp scattering. 

Another approach to the calculation of triple-Regge vertices is to use 

duality. Here one in effect writes down a finite-energy sum rule for the 

"scattering" of a Regge pole R from a particle. If the exchanged Regge pole 

in this "scattering process" is not a Pomeron, then two-component duality 

permits us to evaluate the RRR coupling in terms of two-body (or quasi-two-

body) amplitudes. Unfortunately this sort of thing cannot be done if the 
Q 

exchanged trajectory is the Pomeron (P). We get around this difficulty by 
first calculating the RRf coupling and then using a generalized version of 

9 
the f-coupled Pomeron hypothesis of Carlitz, Green and Zee to relate this 

to the corresponding RRP coupling. We then obtain a zero-parameter prediction 
+ o 

of cross sections in the triple-Regge region for processes such as TT + p ■* TT + 

anything and K + p -* K + anything. The latter is found to agree reasonably 

well with the available experimental data. 

1. G. F. Chew and A. Pignotti, Phys. Rev. 176, 2112 (1968); G. Veneziano, 

Phys. Letters 34B, 59 (1971). 

2. L. A. P. Balazs, Calculations of the Pomeranchuk Residue at t = 0 Using 

Intermediate-Energy Bootstrap Dynamics Based on Average Nonlinear Duality, 

Purdue University preprint, 1972. 

3. L. A. P. Balazs, Phys. Rev. D4, 2364 (1971); Phys. Letters 35B, 519 (1971). 

4. L. A. P. Balazs, Phys. Rev. D2, 999 (1970); B. R. Webber, ibid. D3, 1971 

(1971). 

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

6. L. A. P. Balazs and V. V. Dixit, Phys. Rev. D5, 1422 (1972). 
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7. L. A. P. Balazs, Phys. Letters 37B, 528 (1971). 

8. L. A. P. Balazs, Calculation of the ppP Triple-Regge Vertex from Two-

Body Scattering Data Assuming Duality and an f-coupled Pomeron, Purdue 

University preprint, 1972. 

9. R. Carlitz, M. B. Green and A. Zee, Phys. Rev. D4, 3439 (1971). 

6. N. H. Fuchs; 

A. Compton Scattering and p photoproduction at High Energies: 

The vector-dominance model (VDM) for Compton scattering relates this 

amplitude to the scattering amplitudes for vector meson p , cu» and cp. The 

predictions of the model have met with varying degrees of success when con

fronted with the experimental data. 

All experimental results indicate that the differential cross sections 

are larger than those predicted by VDM if one uses the vector-meson-photon 

coupling constants obtained from the colliding beam experiments. The use 

of vector-meson-photon coupling constants extracted via VDM from the exper

imental data on p , OD, and cp photoproduction (which should be the same, ac

cording to VDM) only increased the disagreement between theory and experi

ment. 

We have shown how the processes of Compton scattering and vector-meson 

photoproduction are related by an extension of an alternative model for vector-

meson photoproduction which we have described in detail earlier. In this 

model, the incident photon dissociates into a charged pion or kaon pair, one 

of the virtual mesons scatters, and then the pair combines to form a vector 
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meson. The amplitudes constructed have several theoretically desirable 

characteristics, such as (i) analyticity and correct singularity structure 

in the mass squared for the photon and (ii) approximate unitarity in the 

crossed channel. The agreement of the model with present high-energy ex

perimental data is good insofar as s-channel helicity conservation is ob

tained and differential cross sections have the correct shape. However, 

some results, notably the energy dependence, appear to be in disagreement 

with experiment. 

We found in the extension of our model for high-energy vector meson 

photoproduction to Compton scattering that the predicted differential cross 

section was in agreement with experiment in both shape and magnitude. 

B. Effect of Isovector Natural Parity Exchange 

in Vector Meson Photoproduction; 

The gross characteristics of the protoproduction of p mesons may be 

understood in terms of a diffraction mechanism. That is, the total p pro

duction cross section has the same energy dependence as elastic np scattering; 

the differential cross section in sharply peaked forward, with the same slope 

as np scattering; the data are consistent with s-channel helicity conserva

tion at the YP vertex, at least up to |t| < 0.4 GeV ; the process proceeds 

almost entirely through natural parity exchange in the t-channel; isovector 

t-channel contributions are small compared to isoscalar exchange. On the 

other hand, photoproduction of u) mesons is in several ways more complicated. 

The u) cross section rises very rapidly above threshold, goes through a max

imum at 2 GeV and then drops off rapidly, approaching a constant nonzero 

value between 5 and 10 GeV or so. This behavior has been explained in terms 
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of two non-interfering production mechanisms: One pion exchange, which dom

inates in the low energy region, and diffraction scattering, which dominates 

for high energies. Experiments with linearly polarized photons can separate 
N u the contribution a and cr from natural and unnatural parity exchanges in 

the t-channel; the results are consistent with the two mechanism interpre-
N U 

tation, since a is found to be fairly constant while a decreases with 

energy at a rate characteristic of TT exchange. Spin flip contributions are 

small (but probably nonzero) in the natural parity part of the amplitude. 
N o 

The question we address ourselves to is whether a for p and u) photo
production has a T = 1 t-channel exchange contribution, and if so, what is 
its magnitude and what further consequences would derive from the presence 
of such an amplitude. The amount of the contribution expected is model de
pendent, and we have compared two models, VDM and another, proposed by us. 
Both agree that the effect in p production (experimentally not seen) should 
be much less than in u) production; however, the models do differ in that 
VDM predicts a much larger effect in u) production than is actually seen, 
while our model is barely consistent with experiment. The large isovector 
amplitude predicted has some influence on the ratio of cu-photoproduction 
from deuterium to that from hydrogen. However, as we point out, this ratio 
is affected far more by pion exchange, and is not a sensitive indicator of 
any possible isovector natural parity exchange amplitude. 

As far as isovector effects in photoproduction from complex nuclei are 

concerned, a slight modification of the usual Glauber type formalism shows 

that such effects must be considered in u) production from medium and heavy 

nuclei. That magnitudes of the expected effects are model dependent, in the 
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2 sense above. In any case, the analysis does indicate that values for Y /4TT 

extracted from data on u) production on complex nuclei without including such 
2 isovector amplitudes will overestimate Y /4TT by 15% or more. Furthermore, 

since the analogous correction for p photorpoduction from complex nuclei is 

expected to be comparatively negligible, the p /ou production ratio should 

be larger than the SU(3) estimate of 9 by 15% or more. Experimentally, the 

ratio is 11.8 ± 1.3. 

C. Additive Quark Model Relations Obtained 

from f -Pomeron Proportionality: 

In the f-coupled Pomeron model proposed recently by Carlitz, Green and 

Zee, the J-plane structure of the imagninary part of the scattering ampli

tude for t =- 0, J =" l,has the form 

Im T(J,t) = A(J,t) 

3t(J,t) 0,<J,t) 
= î j TT̂ TtT B i j ^ T ^ y ' ( 1 ) 

The sums on i and j in the model include and f and f Regge trajectories; 

the a's are the trajectory functions and the 3's the Regge residues. The 

Pomeron singularity is contained in the function 6. .; thus factorization 

makes this singularity independent of the external particles. The S's are 

taken from SU(3) with the additional restriction that the f' trajectory de

couples from nucleons. Furthermore, Carlitz et al. assume that the 3's 

factorize as 

B.(J,t) = 3i(t) f(J) (2) 
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so that the relative importance of Pomeron to f-trajectory exchange is inde

pendent of external particles: 

A (PP) = AJnpl = A (pp) (3) 
AP(PP) AP(TTP) AP(pP) 

where A (pp) is the f-trajectory contribution to the imaginary part of the 
p forward (nonflip) pp scattering amplitude, A (pp) is the corresponding Pomeron 

contribution, etc. 

We have derived the additive quark model relations for asymptotic cross 

section 

CTt(TTN) = Ot(pN) = |at(NN) 

under the assumptions of (i) f-coupled Pomeron, (ii) exchange degeneracy of 

Regge amplitudes, (iii) tu and p universality. We discussed the relation 

between this theoretical framework and that of the additive quark model. 

1. R. Carlitz, M. B. Green and A. Zee, Phys. Rev. Letters 26, 1515 (1971; 

Phys. Rev. D4, 3439 (1971). 

7. T. K. Kuo; 

A. Structure of Internal Symmetry Groups; 
1 2 3 In a series of papers ' ' , we have studied the intrinsic properties 

of internal symmetry groups used in elementary particle physics. While one 

might thought that these groups are rather arbitrary, we have found that 

this is not the case. One of the important intrinsic property of these 
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groups is their center. The other is their outer automorphism. The former 

gives rise to a many-to-one correspondence between mathematical and physical 

operators. [For instance, rotation of 2TT ( (-1) ) must be interpreted as the 

physical identity operator.] The 4-atter suggests a many-to-one correspondence 

between mathematical state vectors and physical states. [For instance, the 
4 i 

different "type" first discussed by Yang and Tiomno are such examples.] 

A concrete physical application of these considerations is furnished 

in broken chiral symmetry, to be discussed in Section II. 

1. T. K. Kuo, Phys. Rev. D4, 3620 (1971). 

2. T. K. Kuo, Phys. Rev. D4, 3637 (1971). 

3. T. K. Kuo, Phys. Rev. D5, 1033 (1972). 

4. C. N. Yang and J. Tiomno, Phys. Rev. 79, 495 (1950). 

B. Broken Chiral Symmetry (with A. McDonald and S. P. Rosen); 

When one applies the considerations of Sec. I to the strong interaction 

symmetries the iospin and parity invariance, one immediately deduces 

the existence of an additional symmetry, called the W-parity, which signifies 

the non-measurability of the absolute parity of isospinors. It was found 

that W is actually a finite chiral rotation. 

We studied the consequences of W-invariance and octet dominance in 

broken SU(3) x SU(3). It was found that the most general symmetry breaking 

term is restricted to the representations (3,3) + (3,3), (6,6) + (6,6), (8,8) 

and (1,8) + (8,1). For SU(2) x SU(2), the symmetry breaking term transforms 

like (1,1). 
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As a consequence, W-invariance predicts an I = 0 TTTT scattering length 
2 about twice as large as Weinberg's. Also, it predicts a nucleon a-term 8/3 

— — 3 times as large as that of the (3,3) + (3,3) model. Both of these are in 
4 3 agreement with recent determinations of 0 (TTTT) and of the nucleon a-term. o 

1. A. McDonald, S. P. Rosen and T. K. Kuo, (to be published). 

2. S. Weinberg, Phys. Rev. Letters U, 616 (1966). 

3. G. Altarelli, N. Cabibbo and L. Maiani, Nuclear Phys. B34, 621 (1971). 

4. A. Zylbersztejn et al., Phys. Letters 38B, 457 (1972). 

8. E. Fischbach; 

A. The Parity-Violating Internucleon Potential and Models 

of the Weak Hamiltonian; 

As indicated in our previous proposal'- ^ we have continued our long 

range program of studying models of the weak Hamiltonian H by means of 
w 

parity-violating (p-v) nuclear interactions. The main effort in this direc

tion during the past year has been directed towards the publication of an 

extensive review paper on the subject in collaboration with D. Tadic. In 

this review, to be published soon, we discuss the entire theoretical and 

experimental basis of the present program, from its inception over a decade 

ago to the present. Extensive discussion is given of the successes of the 

program to date, as well as of the remaining theoretical questions. The 

latter include the calculation of multipion exchange contributions to the 

p-v potential V.-, and off mass shell corrections to the results previously 

obtained. An argument was outlined through which the sign of the Fermi 
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constant G could be determined from the p-exchange contribution to v..-. 

This question is of interest in connection with the indefinite metric weak 

interaction theories of T. D. Lee. Progress along the lines outlined above 

is continuing. 

1. See previous proposal 

2. E. Fischbach and D. Tadic, "Parity Violating Nuclear Interactions and 

Models of the Weak Hamiltonian," Physics Reports (to be published). 

B. K,0 Form Factors; 13 

We have continued our program of studying the phenomenology of K _ 

form factors by using a formalism based on the Duffin-Kemmer (D-K) equation!- -" 
fi 2l We have previously argued1- ' J that the theoretical expectations for the 

behavior of the K„- form factors differ from the results conventionally ob-

tained, if we treat K - decays phenomenologically by use of the Duffin-

Kemmer equation. During the past year we have studied the phenomenological 

descriptions of K _ decays in the conventional Klein-Gordon (K-G) and Duffin-

Ll.M Kemmer formalisms in greater detail.1 J We have shown that a simple calcu-

lation based on the K -pole model leads to the results § = - 0.85, \ = 

- 0.046, and 9 = 0.192 ± 0.016, all of which are in good agreement with 

the experimental data. A detailed discussion of the determination of the 
T4l 

Cabibbo angle 9 has been published1- J. As discussed in our previous pro
posal, the value of 9 determined from the Duffin-Kemmer phenomenology re
solves a long standing discrepancy between the value obtained from K.- decays, 
and that obtained from 0+ -» 0+ nuclear 3-decays, 9^' = 0.188 ± 0.006. 
Additional systems have since been studied and the results are extremely 
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encouraging. We have shown that" I the Duff inKemmer formalism resolves a 

discrepancy between the SU(3) prediction for r(T] "* yy)/T(vi •* 2y) and the 

experimental value. In the KG and DK formalisms we find (in the absence of 

T|  1]' mixing) 

3 
rcn -» YY) i . I 3 L = 22 4 
r(TT-YY) 'KG 3

 m
3 

TT 

4 
rcn-> w ) I = i i. = 91 L 
r(n-»YY) 'DK 3

 m * 

{IP ■* Tl\ | = 131 ± 34 . 
r(n-YY) ' e x p 

Inclusion of T)—T\* mixing brings the DK value to H I , in excellent agreement 

with experiment. Other investigations along these lines are continuing. 

[l] See previous proposal. 

[2] E. Fischbach, F. Iachello, A. Lande, M. M. Nieto, and C. K. Scott, 

Phys. Rev. Letters 26, 1200 (1971). 

[3] E. Fischbach, M. M. Nieto, and C. K. Scott, Phys. Rev. (to be published 

June 15, 1972). 

[4] E. Fischbach, M. M. Nieto, H. Primakoff, C. K. Scott, and J. Smith, 

Phys. Rev. Letters 27, 1403 (1971). 

[5] E. Fischbach, M. M. Nieto, H. Primakoff, and C. K. Scott (to be published), 

C. Me8on Exchange Effects; 

During the past year the meson exchange corrections to the triton 3

decay have been recalculated *• I, using an effective exchange potential due to 
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T2l T3l 
Cheng

L J and Cheng and Fischbach1 J. The details of this calculated are 
discussed in an accompanying report by Tubis. 

[l] E. Fischbach, E. P. Harper, Y. E. Kim, A. Tubis, and W. K. Cheng, 

Phys. Lett. 38B, 8 (1972). 

[2] W. K. Cheng, thesis, University of Pennsylvania (1966) (unpublished). 

[3] W. K. Cheng and E. Fischbach, Phys. Rev. 188, 1530 (1969). 




