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Many sum rules for photoproduction processes are derived starting from the vector-dominance hypothesis
and treating the mesons consistently as quark-antiquark composites.

INTRODUCTION

'QHOTOPRODITCTION is one of the important
processes that have been studied in the quark

model' with success. Becchi and Morpurgo' calculated
the M~ transition matrix element between the proton
and Ã* resonance, each looked upon as a 3Q system
belonging to the 56 representation. The electromag-
netic operator in this model is the sum of the quark
magnetic-moment operators, and the calculation is an
evaluation of the transition magnetic moment between
certain states of a three-particle system. Essentially
here, the photon is a radiative field interacting with the
quarks, and only the magnetic components are con-
sidered. The same ideas were further extended by treat-
ing the pion also as a radiative field. ' This assumption is
the same as in consideration of decays or of meson-
baryon scattering. Gupta and Mitra' proceeded the same
way but included the SU(6)0&0(3) structure of the
baryons. Here they were able to relate spin-Aip and
spin-nonQip amplitudes as well as positive-parity and
negative-parity baryon amplitudes.

Another idea that has played an important role for
photoproduction, without any reference to the quark
model, is the vector-dominance hypothesis. ' Here the
photon is assumed to interact with the hadrons through
vector mesons. Joos' used the quark model to calculate
the p, co, @ production amplitudes by relating them to
the elastic vector-meson —baryon scattering amplitudes
through the vector-dominance hypothesis. Using the
same ideas, photoproduction was next correlated with
inelastic meson-baryon scattering by Kaj antic and
Trefil. 7 However, it was essentially the rearrangement
model of Lipkin' and the spin exchanges were ignored.

We rectify this here and consider quark-quark and
quark-antiquark amplitudes separately as in the case of
meson-baryon scattering. ' Photoproduction is related
to vector-meson —baryon scattering through the vector-
dominance hypothesis. It is noticed that many of the
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relations obtained earlier are true for pseudoscalar-
meson production, and some new relations are obtained
for vector-meson production with the octet as well as
the decuplet baryons.

The model presented here includes a specific type of
SU(3) violation in the quark space. ' Since we consider
both quark-quark and quark-antiquark forces, there are
16 independent amplitudes involved with spin-spin
interactions only. However, when we consider photo-
production of mesons with either charge or hypercharge,
only four constants occur, and this yields a large number
of relations. We find that many of them are well
satisfied.

SUM RULES

The calculations proceed exactly as in the case of
meson-baryon scattering, and the quark-quark and
quark-antiquark interactions are given by
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and similarly for any other quark-quark and quark-
antiquark pair. Also, the photon is assumed to trans-
form as

'Yo ~ L2&p&p+ XX—U.], (3)

where the spin components are suppressed for the pres-
ent. Now an'y photoproduction amplitude (y@pl MB),
where 3I and 8 stand for mesons and baryons,
can be expressed in terms of the quark-quark and
quark-antiquark amplitudes but for a constant of pro-
portionality. As is usual in the quark model, we do not
really know at what energies we can expect such spin-
spin interaction to give useful information, and the
justification is mostly a posteriori on comparison with
the experimental results.
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'|A'e have, e.g.,

3 7
( Y pi 'I-i' t)"-r&+ r-)2+6 6+6

and RQy other amplitude CRQ bc obtRlncd ln a similar
way. Averaging over the initial spin states and summ-

ing over the Anal spin states, the following relations for
the cross sections for the pseudoscalar-meson production
in the forward direction are obtained with SU(2)r in-
VRI'1RIlcc ln t,hc quRI'k spRcc:

-' )=(25/g)-(vp
= (25/24)o(qn ~ ~+~V*-), (4)

o(yl —+ vr
—
p) = (25/8) o (yn —+ n=Ã*+)

= (25/24) o (yp ~ n=cV'++), (5)

a (yp —& E+Z') =-,'o (ym —+ E+Z )
= (1/27)o(~p ~E'A)
=kobp ~E+1'i*')

=- i'oo(v~ ~E'+I'i* ), (6)

o {yp~EaZ+) = 2o(yn +EaZ. a) =—(2/27) o.(yn -+ EaIi)
=koh p ~ E'I'i*+)

= 4io(yn —+ EoFi*a) „(7)
o (yp ~ ~oE*+)=o.(yn —+ m a.V*a),

o(yP ~ pe*+) = sin'ego(vP ~ ~'Ar*+) 3. (9)

Note that the relations are to be subjected to experi-
mental test only after correcting for the phase space. '
Kupsch' obtained the above results with the meson as
a radiative field, which we And is not necessary. The
recent experimental data"" indicate that Eqs. (4)
and (5) with IV* production are well satisfied. At very
high energy, where wc can assume the quark-quark and
quark-antiquark forces to be equal, wc obtain

o.(yp —+ m+e) =o(yn —+ m p)
= (25/24)(~p ~ ~ &'*") (1o)

which is in very good agreement with experiments at
16 Gev."However, the ratio 1/27 of Za production to A.

production by photons on proton targets is a bad result
which still remains. Note that this defect has occurred
in almost every quark-model calculation except that of
Mcshkov Rlld Ponzlni. Their consldclRtloIl of thc 405
representation with a crossed 3 channel as 35&35 —+

56/56 avoids this difhculty. However, the nonrela-

"S.Meshkov, G. A. Snow, and G. B.Yodh, Phys. Rev. Letters
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tivistic qua, rk model does not permit the channel
35&35 of quark-antiquark systems to ba, ryon-anti-
baryon systems, which needs pair creation in the quark
space. Hence wc suspect that exclusion of pair creation
and annihilation contributions may be the cause of this
anomaly. It is also otherwise obvious that we should
include such contributions even to explain strong decays
in this composite model for the mesons. For the Z-

particle production with E+ in Eq. (6), the ratio 2 is
not bad when compared to the experimental value.

If we assume complete SU(3) symmetry in the quark
space, we obtain

o(yn —+E+Fi* ) =--',a{yn-+ w+Ã* ),
o(vp ~E+I'i")= kobp ~ ~+IV*') (12)

o (yp —+ m.+n) = 50o.(yp -+ It+2') . (13)

Equations (11)—(13) are in disagreement with experi-
ment. " The discrepancy occurs over R wide range of
momentum transfers, and it is not easy to put the blame
on the ICx mass difference. But this disagreement is not
unexpected since the violation of SU(3) symmetry in
the quark-antiquark space is large, as indicated by the

g —x mixing Rnglc oI" baryoli-RntlbRl yon scRttcI'lng.
For the vector-meson photoproduction, we obtain

o.(yP ~pall*+) o (yn +p'E*')—
9 ~

o (yp -+ roiV*+) o {ye~ caÃ*')

This I'clRtlon, was Rlso obtained cRI'llcI' by Kajantic RQd

Trefil. No experimental result seems to be available
regarding this because of the scarcity of data on double-
1csoQRncc pl oductlon. Howcvcl ) Kaj Rntlc RQd TI'c61 Rlso

obtain

o(yp —+ p'p) a.(yN —+ p'e)

a (yp —+ oip) o (yn ~ oiii)
{15)

o (yP -+ p'IV*+) =o.(ye —+ paÃ"'),

o{»~1 IV*")= :o(v~ p IV*"), -

o(yP —+ p+IPa) = —',o(yn —+ p+1V*—),
o (yP ~E*+I'i"a)= —2o(ym ~ IP+Fi* ),
o(yp -+E*I"*')= 2o (yn —+ E"'Z')'

(2o)

(21)
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which is not true here, and is also not very much favored
by cxpcI'llrlcnt, which glvcs this VRluc as~1 5.I Rt 5 GcV.

We also further derive the following relations for
vector-meson production, with SU(2) r invariance in the
quark-quark and quark-antiquark space:

o.(yp —+ E*+Z') = 'rr(yn ~ E—*'Z')
=!.(v E*'~-), (16)
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Experimental data are not available to check the above
relations. If we assume SU(3) symmetry in the quark-
quark and quark-antiquark space, we obtain

o(vp ~ p'»*') =ho(vP ~ E:*'Yl*") (22)

o(yP ~ poS*+) =-'o (yP —+ X*oY~*+). (23)

In the high-energy limit (where the Pomeranchuk
theorem can be assumed to hold), we also get

o(VP ~ p+&*')/rr(VP ~ p ~'*")= 3 (24)

o.(yp -+ vr+X*')/o. (yp ~ m.
—lV'++) =-', , (25)

rr(yp ~ vr+n)/rr(yn —+ n p) =1, (26)

o.(yp —+ p'cV*+) =o (yp —& cuE*+) = o (yP —+ IC*'Yz*+)

=o(yn~ p'X*') =o(yn-+coÃ*') =0. (27)

Equations (24)—(26) were also obtained earlier in the
quark model in the high-energy limit. ' Equation (25)
has also been obtained when I=2 exchange in the t
channel is neglected, "and there is about a 15% error.
Equation (26) was also obtained from Regge-pole
analysis. "

DISCUSSIONS

We have considered here mainly photoproduction
results with SU(3) breaking in the quark space. They
are essentially linked with meson-baryon scattering
through the vector-dominance hypothesis. The mesons
are treated as quark-antiquark composites, and it is
noticed that with all this, many of the results of the
elementary meson model are still true for composite
mesons also. However, many of the new results are for
double-resonance production processes for which we
have no experimental data, and the experimental data
are also scarce elsewhere.

The same problem has been considered recently by
Choudhury" in a QQQ model proposed by Mitra, '"
with the assumption of negligible quark-quark forces
and with SU(3) symmetry. Here explicit use is made
of the representations of mesons and baryons with
SU(6)XO(3) symmetry. We have not included this
detailed representation" in our model and have con-
sidered rather a continuation of meson-baryon scatter-
ing' applied to photoproduction with mesons as quark-
antiquark composites and with SU(3)-symmetry break-
ing in the quark space.

Note that in this model one of Eqs. (7), the one
regarding Z and A. production, is wrong on confronta-
tion with experiments. Although this equation is a long-
standing bad result of the quark model, ~ we consider
this to be very undesirable. We feel that this is due to
our failure to include quark-antiquark creation and
annihilation terms. Without these terms, we have largely
succeeded in explaining most results of the meson-
baryon scattering and photoproduction with composite
mesons. But these terms are necessary to explain even
strong decays, which implies that they are quite im-
portant. These terms are diS.cult to incorporate into
the quark model and go against the present philosophy
of having nonrelativistic quarks only. We have here,
however, shown how far it is possible to treat mesons
consistently as composite particles without these
effects, and the results seem to be encouraging.
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