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II. Annual Progress Reports:

1. R. H., Capps:

My work has been concerned with the possible breaking of color
symmetry in the quark model, and with the experimental spectrum of mesons
and baryons. Reference 1 below is an extension of an earlier short note
by me. In the earlier note it was proposed.that the forces between quarks
of two of the colors (taken to be red and white) are of shorter range than
forces involving quarks of the third color (blue). It was shown that if
this symmetry-breaking mechanism is strong, the‘favoted baryon SU(6) represent-
ation and parities are §§+ and 19', in agreemént with experimental indicationms.
In Reference 1 it is shown that this prediction also results if the symmetry-
breaking is small, in which case the sign of the symmetry-breaking is irrel-
evant. ‘It is also shown that th; discovery of new resonances might enable
one to determine the approximate magnitude of the symmetfy-breaking. A list
of orthonormai quark-model wave functions of specific energies and symmetries
was given; this list could be useful in many quark-model caiculations.

In Reference 2 this idea is applied to mesons, and it is assumed that
the ¥(J) and ¥’ mesons at 3.1 and 3.7FGeV are color excitations. A simple
symmetry-breaking Hamiltonian is assumed, which leads to the pfediction that
ordinary mesons (like the ) are made primarily of red and white.quarks and
antiquarks, while the ¥(J) and ¥’ are made primarily of blue quarks and anti-
quarks. A totallof nine vector and nine pseudoscalar mesons are pre-
dicted in the 3-4 GeV region. This is‘in striking contrast with the

predictions of both the standard éolor—excitation model. (with exact color
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symmetry) and the charm model of the ¥(J) and Y’. The Hamiltonian can be
applied to baryons also; using experimental hadron masses to determine the
parameters, I estimated the approximate mass of a predicted baryon multiplet

[of the second excited quark-model level and the SU(6) representation ZQ].

~Several other predictions of the broken color-symmetry model of the y(J) and

¥’ are compared with those of the charm mddel and with experiment. All the
simple models have difficulties and all have advantages. The crucial tests

of these models are the masses and quantum numbers of the new mesons predicted.

Papers written by R.H. Capps in.pgriod May 1, 1975 -- April 20, 1976

1. "Color-symmetry‘Breaking ;nd the Barydn Spectrﬁm II", Phys. Rev. D12,
3606 (1975). - |

2. '"Color Symmetry-Breaking and the New Mesons'; to be published in Phys.

Rev. D.

2. M. Sugawara:

CP Violation in Gauge Theory without Charm:
One of the most important current problems in elementary particle
physics is the question of whether or not onme has to introduce the new

quantum number called charm. The most compelling reason for charm stems

- from the experimental fact that the charged weak current of hadrons changes

strangeness, but the neutral one does not appear to change it aﬁ all.  This
absence of the strangeness-cﬁanging neutral current is very difficult to
understand from the theoretical point of view because tﬁe only successful
theory of weak interactions is gauge theory1 which requires that charged and
neutral currents participate in weak interactions on the same footing. 1In
fact, this absence canﬂot be'explained in any gauge theory as long as one

assumes that the most underlying hadrons are the usual quarks. It can be ex-
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plained if one assumes the charmed quark in addition, which then introduces
a large numbef of new charmed hadrons. However, none of these charmed part-
icles has been found ip“spite of extensive search made so far.

I.propoged another way2 to overcome the above difficulty by assuming
that the most underaying hadrons‘are the usual octet of baryons .rather than
a fewer numbér of quarks. The point 1s that an octet of baryons can provide
a sufficient amount. of flexibility so that we can avoid introducing charm. 1In
order to introduce the Cabibbo aﬁgle, however, we must introduce an additioqal
set of intermediéte vector bosons. In other words, this new gauge theory must
be invariant under twice as many gauge transformations and, hence, is twice
as much constrained as the usual gauge theory is. It is because of this
added constraint that this new gaug; theory allows detailed studies on some
important basic questions which are not necessarily possible for the usual
gauge theory.

I have studied for the past year the question of how to understand CP
violation from the point of view of this new gauge theory. The'main'conclﬁsion
I have reaéhed3 is that CP violation can arise in this theory in hadroms, but
not in leptons, in such a way that this theory provides a specific example of
superweak theory4 of CP violation. In this theory, however, CP violation in
K; < 211 and the electric dipole-moment of neutron are not simply related to
each other since.they are due to independent parameters. Otherwise, there
appears no other observable effect of CP v?olation.

I explain below some of the details of the above study. 1In this theory,
all the complex factors that can arise in the hadronic weak currents can be
absorbed int6 the baryon fields, thereby making all the weak currenfs CP con-
serving., In this theory, therefore, all the weak interactions due to exchange

of intermediate vector bosons are CP conserving. These CP conserving weak
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currents then determine'how baryons and leptons transform under gauge
transformations, which in turn determine how Higgs scalars can interact
with baryons and leptoms. Since Higgs scalars can have nonzero vacuum
expectation values, this interaction of Higgs scalars yields an additional

weak interaction of the form of

FE + iy FOY W
where Y.stahds for all the baryons or leptons jointly and F, F’ are Hermitian
matrices. Now; CP violation arises if F contains imaginary parameters and
also if F’ has real parameters. The matrices F and F’ are determined2 by the
gauge transformations mentioned earlier. Thus, the most general forms of
F and F' express all the possible ways that CP can be violated in phis theory. -

We must then investigate the effect of a unitary transformation of 9
which can modify the matrices F and F’/ in (1); without changing any other
interaction of this theory in which y appears. This is because those tefms
in (1) which can be eliminated by this transformation cannot lead to aﬁy
observable effect, It is this argument that was used5 to explain why P—e
transformation, such as y * e + vy, is hard to occur. Incidentally, the inter-
action (1) for leptons actPally contains the terms which allow this ,-e |
traﬂsformation,Aas well as the terms which violate CP.

We have studied the above unitary transformation in detail with the
following conclusion. For leptons, all the terms in (1) besides the 1epton
masserenormalization counter terms can be eliminated, because the left-handed
components of , and e appear in this theory completely symmetrically, though
p-e asymmetry arises‘in the right-handed components. This agrees with the

earlier observation5 that ,, % e + y is absent because ,, and e are so similar.
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Thus, this theory allows no CPAviolation for leptons, nor y-e traﬁsformation.
For baryons, howeQer, hardly any term can be eliminated because baryons
participate also in strong interactions which must not be affected by

this qnitary.transformation. Most importantly, we cannot eliminate the term

1d@ 2 - Py, (2)

where d 'is a real parameter contained in F of (1). The interaction (2) has

a nonzero matrix—element between ]Ko) and \Ro), thus being able to explain

CP violation in Kz - 21m in the same manner as superweak theory doesa. However,
the electric dipole-moment of neutron cannot be due to (2) which is P-conserving,
but arises from the CP violating terms contained in F’/ of (1). Since the
matrices F and F’ are independent of each other in this gauée theory, the
electric dipole-momeht ofvneutron does not have to be aslsmall as implied6 by
superweak theory. We also find that ‘the interaction (1) does not appear to'
produce any other observable effect. Finally, we remark that the interaction (L)

can change strangeness by two because y stands for the usual octet of baryonms,

‘which is not the case if T stands. for the usual quarks.

1. S. Weinberg, Phys. Rev. Letferg 19, 1264 (1967); 27, 1688 (1971).

2. M. Sugawara, Phys. Rev. D13, No. 5 (1976).

3. M. Sugawara, to be published.

4. L. Wolfenstein; Phys. Rev. Letters 13, 562 (1964).

5. G. Feinberg, P. Kabir, and S. Weinberg, Phys. Rev.Letters 3, 527
(1959) . '

6. L. Wolfenstein, Nucl Phys. B77, 375 (1974).
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4. Arnold Tubis:

Strong-, Electromagnetic- and weak-
Interaction Dynamics of Few-Nucleon Systems:

My publications during the past year are listed as references 1-4

below. My research during the past year is detailed in separate subsections

below.

~ A. Parity-Nonconservation Effects in the Two-Nucleon System-
Sensitivity to the Short-Range Strong Nuclear Forcei-3:

(in collaboration with Dr. B.A. Craver, Professors E.
Fischbach, Y.E. Kim, P. Herczeg (Los Alamos) and P.
Singer (Technion, Israel)).
‘The effects of parity nonconserving (PNC) nuclear interactions have
been studied in recent years ‘in the hope of discriminating among various
models of the weak interactions. Since the N-N PNC interaction is of short

range, its calculated effects are expected to be sensitive to the short-range :

correlations of the nuclear wave function. Consequently, the connection between

a given weak-interaction Hamiltonian and experiment has very little significance :

in the absence of a cargful study of the sensitivity of PNC effects to the
assumed short-range behavior of the strong parity conserving (PC) nuclear
forces. |

We have calculateley, the proton circular polarizarion in np radiative
capture at thermal energieé, for a class of weak Hamiltonians and several
short-range noq-local phase-equivalent transformations5 (PET's) of the Reid
soft-core potential6 (RSCP). The calculatibns are done in coordinate space
and are exact except for the usual first-order approximations in the weak and
electromagnetic interactions. The calculations are greatly simplified by the
use of Green's functions for the full strong Hamiltonian. For scéttering
states, these Green's functions are mést conveniently calculated from the

physical radial scattering solutions and solutions which have a pure outgoing-
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wave asymptotic form. Once this Green's function is calculated, P for
Y
various weak Hamiltonians and (phase-equivalent) strong Hamiltonians may be

calculated by a direct quadrature. We have.not taken into account the mod-
ification of the electromagnetic operators due to the velocity dependence of
the phase-equivalent strong Hamiltonians. Since these modifications are of

very short rénge (r 21 fm), they should not contribute much to P (which
. oy
depends mainly on the long-range parts of the strong wave functlons)
For the Cabibbo weak Hamiltonlan and the RSCP, we find P = 2.28 x 10-8
Y

in good agreement, with the valuevof 2.1 x 10-8 of Desplanques7 and 2.28 x 10“8

of Lassey and McKellara. For the Cabibbo weak Hamiltonian and the PET of the

Reid potential considered, P varies between 0.13 x 10..8 and 25.8 x 10-8, with
: Y

similar results holding for other weak Hamiltonians.
In view of the limited number of PET's considéred, our results certainly

do not preclude the possibility.bf'finding a PET which could reconcile the

theoretical value of P with the experimental value9 P = -(1.30 * 0.45) x 10-6.

Y Y
The significance of such a result would, in itself, be questionable unless the
implications of the modified strong interaction for properties of nuclear
syétems for A > 3, and for parity-violating effects in heavier nuclei, were
determined at the same time. For the present our results simply demonstrate

¥
the.dangers entailed in trying to discriminate amoung various weak Hamilton-

ians solely on the basis of calculations of P for a given strong interaction.
Y

B. Integral Relations for the Asymptotic
Normalization of the Tritonl0

(in collaboration with Dr. €. Sander
and Professor Y.E. Kim).

Lehmann and Gibsonll(LG) have recently derived an integral relation for
Ct’ the normalization of the n-d tail of the triton wave function and a basic

parameter of the trinucleon bound state.lz_ We have given a concise altern-
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ative derivation of the LG result and an explicit evaluation of C, in
momentum space for the case in which the two-body interaction is not

purely local or purely separable.

C.. Scattering Theory for Non-Hermitian Potentials4

Non-hermitian (complex and/or energy-dependent) potentials arise
formally when the equations for‘scattering in N coupled channels are reduced
to ones involving explicitly only the scattering amplitudes for M(< N) channels.
In spite of their wide usage in atomic, nuclear and particle physics{ there has
been, to our knowle&gg, very little discussion in the 1iterature of the general
properties of the S-mafrix, the off-energy-shell T-matrix, and tﬁe associated
question of the orthogonality and completeness proéerties of the scattering
eigenstates.

To a large extent, this deficiency has been remedied by the recent work

of McKay and McKellar13

(MM). We have supp}emeﬁted the discussion of MM
by: 1. showing that many of the important results of MM may be very con-
cisely derived by using formal scattering theory, and 2. outlining direct
perturbative proofs of results which MM did not derive--namely the complete-
ness of the eigenstates of a wide class of two-body Hamiltonians with non-
hermitian potentials, and the unitarity of the S-matrix for the case of real
energy-dependent potentials.

The form of the completeness relation given in our paper is crucial
for: 1. providing a foundation for properiy carrying out closure sums
in nuclear-reaction theory;, 2. providing a means for continuing the two-
body‘T-matrix off the energy shell in Faddeev-type calculations for three-
nuclean systemsl2 when the phenomenological two-nucleon interaction is given
an explicitly energy-dependent form,la and 3. giving a procedure for doing
n#clear-reaction calculations based on three-body formalisms and (non-hermitian)

optical model potentials.
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1.

10.
11.
12.

13,

B.A., Craver, E. Fischbach, Y.E. Kim, A. Tubis, "Parity Nonconserving
Effects in Neutron Capture by Protons and the Short Range Behavior of
the Strong Two-Nucleon Force, to be published in Phys. Rev. D13, 1376
(1976).

B.A. Craver, E. Fischbach, Y.E. Kim, A. Tubis, '"Parity Nonconservation
Effects in the Two-Nucleon System--Sensitivity to the Short-Range
Strong Nuclear Force', Proceedings of‘the VII International Conferencé
on Few Body Problems in Nuclear and Particle Physics, Delhi, India,
12/29/75-1/4/76; to be published.by'North Holland Publishing Company.
B.A. Craver, Y.E. Kim, A. Tubis, P. Herczeg, P._Singér, "Parity Vio-
lating Asymmetry in the Radiative Capture of Polarized Neutrons by
Protons', Proceedings of the VII International Conference on Few Body
Problems in Nuclear and Particle Physics, Delhi, India, 12/29/75-

1/4/76, to be published'by North Holland Publishing Company.

Y.E. Kim and A. Tubis, "'Scattering Theory for Non-Hermitian Potentials",

Proceedings of the VII International Conference on Few Body Problems in

Nuclear and Particle Physics, Delhi, India, .12/29/75-1/4/76, to be
published by North Holland Publishing Company.
J.P. vary, Phys. Rev. C7, 521 (1973).

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

B. Desplanques, Nucl. Phys. A242, 423 (1975).

K.R. Lassey and B.H.J. McKellar, Phys. Rev. Cll, 349 (1974).
V.M. Lobashov, et al., Nucl. Phys. A197, 241 (1972).

C. Sander, Y.E. Kim, A, Tubis, to be published.

D.R. Lehman and B.F. Gibson, Phys. Rev. Cl3, 35 (1976).

Y.E. Kim, A. Tubis, Ann. Rev. of Nucl. Sci. 24, 69(1974).

C. McKay and B.H.J. McKellar, "Scattering Theory for Energy Dependent Po-

C00-1428-435
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tentials', preprint, Service de Physique Theorique, CEN - Saclay, and
School of Physics, University of Melbourne (1975), to be published in
Nuclear Physics. |

14. G.N. Epstein and B.H.J. McKellar, Phys. Rev. D10, 1005 (1974); K. Erk-
elenz, Phyé. Reports 13, 191 (1974); A.D. Jackson, D.0O. Riska, and B.
Verwest, Nucl. Phys. A249, 397 (1975); M. Lacombe, B. Louiseau, J.M.

Richard, R. Vinh Mau, and R. de Toureill , Orsay preprint (1975).

.y

4: L. A. P. Balazs

Dufing the preceding year severél calculations were made within the
dual ﬁultiperiphe;al model approach. This sort of model was originally
proposed by Huan Leel, Veneziano2 and Chan and Paton3, and recenply more
detailed calculationé have been made by Chan, Paton, Tsou and Ng.a In it
one considers the exchange of éxchange-degenerate pairs of Reggeons rather
than sihgle Reggeons or pions. In generating Reggeons one only sums planar
graphs with uncrossed lines (in the quark-duality sense) whereas in gener-.
ating the Poméron (P) one must also include nonplanar graphs with crossed
lines.

We cénsidered a mgdel for the production of clqsteys. The elastic
absorptive part is then calculated in the usual way by using multiparticle

uniﬁarity, which gives a sum of ladder graphs. Duality is then used to relate

the couplings of the clusters to the corresponding couplings of Reggeons4’5 (we -

"do not, however, actually replace the clusters with Reggeons, as was done in
ref. 4)., The basic inputs then are triple-Regge couplings.
A major problem with dual multiperipheral models has been their inability

to generate the f trajectory along with the Pomeron in the vacuum state. We
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therefore did a calculation in which the effective thresholds associated
with the production of clusters were taken into account.6 The parameters of
our model were first adjusted so as to properly reproduce the 1eadiné Reggeon
trajectory. We then used them to calculate.the Pomerop. We find, however,
that, in addition to the usual leading real pole at J= 1, we also obtain‘a
set of complex singularities in the j plane. This leads to a forward ab-
sorptive. part with a behavior SO.QS for s € 50 GeV2 and s1 for s » 50 GeVz,
at least below ISR energies. We are thus able to simulate the conventional
P + f description without actually having an f singularity in the J plane.
‘In addition, we are able to actually calculate all the parameters needed to
describe the cross section in this energy range and obtain results in good
‘agreement with experiment.

The above approach also permits us to make bootstrap calculations of
Reggeon parameters, similar in spirit to the planar bootstrap of Veneziano,2
So far the only calculations we have done are ones in which pion exchange is
taken explicitly into account, but the exchange of other Reggeons is only
included indirectly through a technique based on finite-energy sum rules.

In this kind of calculation it is not possible to calculaté the Regée trajectory
«, but it is possible to calculate the Regge residue self-consistently. This
turns out to be in good agreement with experiment in the forward direction.

In addition to the above program work was done (in collaboration with
P.D. Rittmann) in aﬁ ongoing project to use f/P universality to correlate
the different triple-Regge terms which are needed to describe the data for
inclusive processes in the triple-Regge regiong7 Specifically it was argued
within the framework of a two-component picture of the Pomeron that the usual
f/P universality must be modified when relating PPP and PfP to other triple-

Regge terms. We found that this led to an improvement in the predicted
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deviation from scaling of the pp - pX cross section.8

An alternative description of pb 3.pX is one based on the results of
our dual multiperipheral model, where we saw that we have an effective P
‘trajectory with intercept o = 0.85 at inter@ediate energies instead of the
usual.P + f with dP = 1, This effective P is, however, still related to
the f .trajectory that would result_ if we left out nonplanar graphs, which
in tufﬁ ig related to @ exchange through exchange degéneracy. We thus have
a description which involves the same number of parameters as the one des-
cribed in fhe preceding paragraph. An anaiysis of the pp - pX data by
P.D. Rittmann showed that this description is as good as the one based on
the conventional P + £ picture.

Finally, dynamical calculations were made (in collaboration with P.D.
Ritthann) of the triple-Regge couplings which come into the process tm -+ TX.
The procedure was first to use a Deck-type model to calculate the cdgtributions
coming from various Regge exchanges to the ipclusive cross section for low
missing mass M; this is the only region where we expect such a model to be
Avalid, since many:other contributions are expected to come in for high M.

We can then actually calculate all of our triple-Reggé couﬁlingé by inserting
our Deck contributions into finite-mass sum rules and using f/Pﬁuniversality.
These couplings can be related through faFtorization and exchange degeneracy
to %he corresponding couplings for pp - px, which then give cross sections in
reasonable ‘agreement with the data. Reasqnable results are also obtained if

we use an effective P with intercept o o= 0.85 instead of the conventional P + f.

1. Huan Lee, Phys. Rev. Lett. 30, 719 (1973).
2. G. Veneziano, Phys. Lett. 43B, 413 (1973).
3. Chan Hong-Mo and J.E. Paton, Phys. Lett. 46B, 228 (1973);

4. Chan Hong-Mo, J.E. Paton, TsouSheng Tsun and Ng Sing Wai, Nucl. Phys.
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B92, 13; B86, 479 (1975).

5. L.A.P. Balazs, Phys. Lett. 29B, 228 (1969); Phys. Rev. D2, 999 (1970).

6. L.A.P. Balazs, Thresholds of the Pome;on in a Dual Multiperipheral Model,
to be published in Phys. Lett. (1976)..‘

7. L.A.P. Balazs, Phys. Rev. D11, 1071 (1975).

8. L.A.P. Balazs, and P.D. Rittman, A Modified Version of £f/P Universality

in the Triple-Regge Region,‘to be published in Phys. Rev. (1976).

5: E. Fischbach:

A. Elastic Neutrino-Proton Scattering:

(with S.P. Rosen)

We have completed the lengthy analysis of vp - vp which we described earlier,

and are on the verge of submitting this for publication, As noted previously,
elastic neutrino-proton scattering provides a means éf discriminating among
models of the weak‘neutral cgrrent through measurements of the average momen-
tum transfer (t) and the proton polarization 5. Since the differential cross
section do/dt vanishes in the forward direction for S,P couplings but in the
backward direction for V,A couplings, (t) should be "large" if the neutrino
coupling iévS,P and "small" if it is V,A. It has been shown through the t-
dependence of do/dt arising from the kinematic differences between V,A and
S,?,T couplings can in principle be obscured by both the dynamical t-dependence
arising from (unknown) form factors, and by experimental cuts on thé‘data, a
‘kinematié distinction between V,A and S,P,f survives in the end. Our results
are presented in terms of a series of détailed graphs. Concerning the polar-
ization 3,'the effects arising from different couplings can differ by . 100%.
Hence polarization effects can in principle give very clear signals, if such

experiments can actually be carried out.
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B. Helicity-Flipping Neutral Currents and Yy - vG;
(with S.P. Rosen)

The process YY - W has often been considered as a mechanism for stellar
cooling but its rate has generally been found to be smaller than the rates
for other competing procesées. This result has its origins in a theorem
due to Gell-Mann which states that in the limit of zero neutrino mass the
amplitude for vy = WV vanishes wﬁen the charged-current weak interaction is
local and V-A in structure. In this paper1 we point out that this theorem
breaks down if the helicity-flipping S or P covariants are présent in the
neutral current. In this case the process vy = w or il 4.v; can take place and
the resulting amplituaes can have a pole at the location of the m° or M mass.
For the wo this leads to an enormous rate of energy loss at temperatures of
order 1011°K. This contribution could be sigqificant in the theory of the

early universe and of supernovae, and recently some interest has developed in

this mechanism on the part of astrophysicists.

C. Parity-Nonconservation in High-Transverse-Momentum Collisions:

In this paper2 we suggest that the suppression of strong interaction
cross sections at high transverse momenta might méke it possible to detect
parity-nonconserving weak effects in high-energy collisions. This suggestion
is motivated in part by the observation that some purely hadronic cross
sections have already been measured down to levels characteristic of weak

interactions. . Interestingly enough no calculation of this effect had been

 undertaken previously. In collaboration with George Look an analysis of

several such processes was undertaken which led to the following results. A
calculation of the longitudinal polarization of the proton P (a parity-violating

effect) shows that the magnitude increases monotonically from 5 x 10—5 at
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X,= 2p, /(5 = 0.26 to 1 x 1073

.at Xl = 0.62. Similar results are obtained
for the asymmetty A arising from the d;fference in the invariant cross-
sections for initially * polarized protons.- These results are interesting
because the magnitudes of the expectedAeffects are such as to suggest Ehat ‘
they could be detected by Presently available techniques. Should this be
the case, then potentially valuable information on tﬁe factor modél

" specifically, and high energy scattéring in general, could be obtained

from a comparison of theory-and experiment.

D. Parity-Violation in np 4<gy:3 |

See report of A. Tubis,

1. E. Fischbach, J.T. Gruenwald, S.P. Rosen, H. Spivack, A. Halprin,

and B. Kayser, Phys. Rev. D13, (in press).
2. E. Fischbach and G.W. Look, Phys. Rev. D13, 752 (1976).
3. B.A. Craver, E. Fischbach, Y.E. Kim, and A. Tubis, Phys. Rev.

D13, (in press).

6: N.H. Fuchs:

A. SU(6) Classification for "In'" and ''Out' States:

|

|

' . T . . X . o

We have previously 1nvest1gated1 the possible relation in the context. "
- . |

of interacting quark models between the alggbra{of SU(6)w,currents’,Whose

o

generators Fi

are integrals of the local currents which describe the electro-
magnetic and weak interactions of hadrons, and the algebra of SU(6)

W,strong
degenerate multiplets.

Unfortunately, our results in the interacting quark model were not
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expressed in a form convenient for further phenomenological investigation

of the effects of interaction. We have developed an expression for the trans-
formation connecting current and constituént quark bases which displays the
dependence on interaction in a rather transparent manner. 'fhus we may'gain

an understanding of the relatioﬁ of the quark-parton picture to the tradi-

|
|
i . ‘tional quark model for hadronic structure.
Within the context of:the quark model with interaction, SU(6) al-
; gebras classifying "in'" and "out' states have been constructed2 and the

unitary transformatioﬁ relating these algebras to the SU(6) algebra

W,currents
generated by integrals of local currents has been given simply. The form-
ulation is general so that one may separately study the kinematic effects

arising from the angular requirements on the generators of the classification

algebras and the dynamical effects arising from the nature of the interaction.

B. Current and Constituent Quark Phenomenology:

There have been two completely disjoint approximations used heretofore
in making phenomenological use of the relation between current and con-
stituent quarks. The approach of Melosh3 and his followeré has been to
ignore (or argue away) the effect of interaction, while including the
effects of the transformation Vfree° The approach of Yan4 and others has
been to ignore the distinction between current and constituent quark bases

by setting V = 1, while including the effects of interaction which are

free

generated by the dressing operators; this.approach is reasonable in the
context of scalar quarks.

Within the context of the formalism developed (Ref. 1), we have been
able to do better5 fhan these extreme approximations have been able to do.

Since we know Vfr explicitly for the spin % quark model, we have been able

ee
)

to include its effects completely in an interacting quark model while making




-18-

Purdue University ' ‘ C00-1428-435
Contract No. AT(11-1)-1428

some hopefully realistic approximation so as to account for the effects of
interaction to some degree.

The transformation relating the expansion of hadronic states in the
curfent and constituent quark bases is studied in the context of the vector
gluon model. A phenomenological approach is used to estimate the effects of
interaction on the algebraic structufe of matrix elements describing pionic,
electr;magnetic and weak transitions of hadrons. Contributions of terms with
exotic transformation properties are found to be negligible in most instances,
but are important for higher moments of deep inelastic structure functions.

The. magnitude of such exotic terms is related to that of the mass splitting of

SU(6) multiplets.

1;4'N.H. Fuchs, Phys. Rev. DIl 1569 (1975).
2. N.H. Fuchs, paper submittea to Phys. Rev.
3. H.J. Melosh, Phys. Rev. DS, 1095 (1974):
4. T.-M. Yan, Phys. Rev. D7 1780 (1973).

5. N.H. Fuchs, Phys. Rev: D13; 1309 (1976).

7: T.K. Kuo:

A. Classical Solutions of Field Theory:

There has been considerable interest1 recently in the classical sol-’
utions of non-linear field theory equations. The so-called soliton sol-
utions are interesting since they might provide us with insights into the
quark confinement problem. Specifically, the classical soliton solutions
may be regarded as the ground states of extended hadrons. Small deyiations,
or quantum fluctuations, around these non-trivial classical solutions ére
then ;he excited states of hadroms.

We considered the classical equation of motion for field theories of
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massive fermions with general Fermi interactions in one space and one time
. . ‘ 2 ] . .
dimension. Exact solutions are presented. Quantization of these solutions

using the WKB approximation has also been discussed in detail.3

1. R. Dashen, B. Hasslacher and A. Neven, Phys. Rev. D10, 4114
(1974); 10, 4130 (1974); 10, 4138 (1974). J. Goldstome and R.
‘Jackiw, Phys. Rev. 11, 1486 (1975)."N. Christ and T.D. Lee Phys.
Rev. D12, 1606 (1975). |

2. S.Y. Lee, T.K. kuo and A. Gévrielides, Phys.‘Rev. D12, 2249 (1975).

3. S.Y. Lee and A. Gavrielides, Phys. Rev. D12, 3880 (1975).

B. Generalized Gauge Invariance:

Traditionally, in the treatment of internal symmetry, the group space
doeé not play any role. On the other hand, recent developments in gauge
group theories suggest a close relationship between space-time and group
space coordinates. Thus, in the discussion of classical gauge field equa-
tions and monopoles% the\pouhdary condition as well as the solution are
mixed in the space-time and group spaée indices.

We wish to generalize these resuits by giviﬂg the group space
coordinates a genuine physical meaning. Let us assume, erected at each
space-time point X, an internal éymmetry group coordinate € . We will con-
sider a field theory for which the field depends on both x and &: Y(x,E) . We
ask the question: Can one construct a gauge invariant theory using these fields ¥Y(x,8)?
The answer is affirmative and we showed how such a theory may be constructed 2

Physlcally9 Y(x,8) describes é geries of fields with d1fferent1a11nterna1
quantum numbers. For instance, ifwecon31derU(1)forchargeconservatlon ¥Y(x,8)

would describe a series of fields with chargesQ,Q £ 1, Q £ 2,.... We appliedour

.ideastootherhadronicsymmetrygroups. Possible applications are discussed.
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1. G. t'Hooft, Nucl. Phys. B79, 276 (1974).
2. A. Gavrielides, T.K. Kuo and S.Y. Lee, Nuovo Cimento Letters

(to appear).

C. Ghost Problem in Field Theory with Higher Derivatives:

Recent effor;s in formulating gravitation as a gauge theory1 calls for .
a Legrangian density inlthe form ([]Q)(GQ), rather than the traditional
¢(D¢). Similarly, for duark confinement theories, where the potential is
supposedly linear in r, a quartic Lagrangian is needed. However, the
canonical quantization procedure, when applied to these kinds of higher
derivative field theorieg, invariably leads to ghost solutiOns.2 Such
discussions usually suffer from very complicated technicalities, especiélly
in cases where there are interacting terms in the Lagrangian.

We have reconsidered this problem using the path integral method.3
The existence of ghost solutidns wag shown explicitly. It was furthef

shown, in a very simple way, that the ghosts couple with the non-ghost

.solutions. We conclude, therefore, that the recent proposals of gauge

gravitational theories and quark confinement theories using higher deriv-

ative Lagrangians are manifestly non-unitary.

1. C.N.’Yang,*Phys. Rev. Letters 33, 445 (1974).
2. C. Bernard and A. Duncan, Phys. Rev. D11, 848 (1975).
J.E. Kiskis, Jr., Phys. Rev. D11, 2178 (1975).

3. A. Gavrielides, T.K. Kuo and S.Y. Lee, Phys. Rev. D. (to appear).

8: B.F.L. Ward:

Asymptotic Limits in Renormalizable Quantum Field Theory;
The Large Momentum Transfer and Large Coupling Limits:

During the past year, I continugd my investigations of the large

momentum transfer limit of renormalizable quantum field theory. Simultan-
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eously, I continued to develop and apply my approach to strong coupling
in theories of this type.
More specifically, the differential dispersive aspect1 of the renorm-

alization group equation, applied to the inverse photon propagator DUN”'haS
now been shown2 to provide a basis for understanding the following: (1) the
sharp rise in the ratio

+ -
O(e e - Hadrons)

R:
U(e+g- -+ d+u-)

(the slope of this r?se is predicted to be the value of R for lfg s S 10+(GeV)2,
not inconsistent with observation); (2) the position of the béginning of this
rise (the position is given ;s 8 °‘10+(GeV)2, consistent with observation);
and (3) the final asymptotic value3 of R. This final value of R, Rf, by
which I mean the valueof R for s vélues above the Y/J,V', and etc., is seen
in my approach3 to be relatéd to, but not simply the same as, fhe sum over
the squares of the hadronic‘fﬁndamental fermion charges. And; in fact, the !
experimental value of Rf = 5-6 is engirely consistent with the conventional
fractionally charged p,n, and A quark model description of the scaling limit
of the hadronic electromagnetic current, as is the value of R for 1+$§s < 10+
(GeV)z°

In addition, the new mass scale of the #/J and its associated excitatioms
has been computed4 from the conventional quark mass scale, the enlargement
of the mass scale being given by the factor expce/Zbo,where Cq aﬂd bo'are
pure Q.E.D. numbers determined by the coefficient functions Yo and 8, res-
pectively, in Weinberg's'formul.ation5 of the renormalization group equation.

The Y/J mass is computed to be

Wy, g = 2mq expce/Zbo.

It is well-known that ce/bo = 9/2. Thus, with m, = 163(MeV) we obtain the
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mass of the Y/J. This helps to explain the remnant scaling behavior of

0(e+e- -+ hadrons) just off the ¥'s , for throughout tpe region S 2 1+(GeV)2,
one is dealing with quarks of mass ~ 100 MeV, even ghough singularities
(Y/J, etc.) are occurring with masses ~ 3 GeV. Thus, in this view, no new]neavy.
quark or new quantum number is necessary to understénd the new particles in
e+e- + X. Ido not take 'as exact the vaIUe‘mq = 163 MeV, although it
should not be off by much. The important point is tﬁat the appearance of a
new set of heavy narrow states is expected from my new dimensional analysis
violating1 terms in the partial differential equatioﬁs of renormalizable
'qﬁantum field theory.

I use the word narrow with quantitative justification, for the states
Y/J and etc. appear as real zefos in the differential dispersive solution
for D;s s corresponding to zero widths. This is an artifact of my having
stopped the calculationkof the violation of dimensional analysis at the
lowest order in @ at which it occurs. In higher orders, the zeros will move
off the real axis. But, this can be at most an order @ effect, maintaining
the shérpness of the states. |

In addition to determining the precise widths of the Y/J and etc., the
higher order effects of dimensional analyéis also appear6 to afford the
possibility of further suppressed new states in the e+é- annihilation channel
at values of s given by

V§; = an/J s 'n.= 2,3,09.N°
as well as |
V.inz = 2n1mu‘ éxpc9/2b0+ yMy /5 s

=0,1,,.. withn, + n, < No and n;> 1 when n, = 0. No is

1 2 2

n in @ at which. the Feynman-Schwinger.

where n, = 1,2,...,n2

a number determined by the order N
Dyso
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. -1 , .
series for DuN ceases to be reliable. NDyson is expected to be large. (I

should mention that a state with n, =n, n2 = 0 is naively expected to occur
at the same order as the Y/J. The absence of such a state would seem to imply
a lack of symmetry between quarks and leptons in nature.)

+ It appears that the stateV-s2 = 2m‘{’/J

may have been found.7 However,

all of the remaining states Sun continue to lack experimental subport,
172

although no definitive statement exists. Hopefully, this will change in the

not-too-distant future. The strict theoretical statement about the existence
of all of these states S, n is under investigation.
172 o
It should also be pointed-out3 that the application of the theory of

differential dispersion relations to the inverse of the weak interaction ~

vector boson propagators would appear to afford the possibility of new heavy

. +
‘particles with the quantum numbers of the K, T, p etc. All of these effects

are under analysis}

As'I étated above, simultaneously with these investigations of(iifferential
dispersion relations, Iformulatedaand appliedg’IQHlapproach to strong coupling in
renormalizable field theory. The principal result to‘date is the complete
decoupling of fermions from bosons in this formulation of the strong coupling
limit of renormalizable theories. This means that the confinement resulfs
of various authors11 would appear to be artifacts of their particular appr;x—
imations.

The decoupling theérems provide a strict understanding of Bjorken
scaling, for quarks would behave canonically in afl.y boson-mediated theory forwhich
large momentum transfer corresponds to large cohpling, Oh the other hand,
the confinément of these quarks would appear to require an entirely new

perspective. This confinement problem and the further implications of this

approach to strong coupling are all under investigation.
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B.F.L. Ward, Phys. Rev. Letters 33, 37 (1974).
B.F.L. Ward, Differential Dispersive Analysis of e+e- Annihilation
into Hadrons, SLAC-PUB 1488, September (1974).
B.F.L. Ward, Differential Dispersive Apalysis of e+e- Annihilation

into Hadrons:‘II.v Theory of Narrow Resonances and the Asymptotic

" Value of 0(e+e‘ - Hadrons)/ Q(e+e- - @+u-). !

A ] \ N -
B.F.L. Ward, Theory of Narrow Resonances in e+e Annihilation, Purdue

University preprint, November (1975).

S. Weinberg, Phys. Rev. D8, 3497 (1973).

B.F.L. Ward, Theory of H}gher Mass States inAe+e- Annihilation, Purdue
Universiﬁy preprint, March (1976). A
Private communication from researchers af Fermi Lab about a seminar

by Dr. Innes, January, 1976.

B.F.L. Ward, Strongly Coupled Fields: 1I.: Green's Funttions, SLAC-PUB
1584 May (1975) |

B.F.L. Ward, Strongly Coupled Fields: II. Interactions of the Yukawa
Type, SLAC-PUB 1618, August (1975)° |

B.F.L. Ward Decoupllng of Fermlons from Bosons ;n the Strong Coupllng
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See, for example, W. Bardeen et al., Phys. Rev. D11, 1094. (1975).



