RAPID COMMUNICATIONS

Quark model predictions for K* photoproduction on the proton

PHYSICAL REVIEW C, VOLUME 64, 05220(R)

Qiang Zhady* J. S. Al-Khalili* and C. Bennhold
!Department of Physics, University of Surrey, Guildford, Surrey GU2 7XH, United Kingdom
°Department of Physics, Center for Nuclear Studies, The George Washington University, Washington, D.C. 20052
(Received 16 February 2001; published 18 October 001

The photoproduction oK* vector mesons is investigated in a quark model with an effective Lagrangian.
Including both baryon resonance excitations anthannel exchanges, observables for the reactigns
—K*%2 " andyp—K* "0 are predicted, using the $8)-flavor-blind assumption of nonperturbative QCD.
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The availability of high-intensity photon and electron fa- negative-parity states were predicted to be strongly coupled
ciIitie; at JLab, ELSA, ER_SF, .and SPr_ing—8 ha; revived potho the K*3 channels, includindN[ 3 ~]5(2070) (established
gxpenmental and th_eoretlcal interest in segrchmg for “missy, pion production, A[2~14(2145), andA[%~]4(2140).
ing resonances[1,2] in meson photoproduction and electro- \ste that only those resonances above the decay threshold
production processes. Baryon resonances excited by electrgan pe predicted by Ref12], the vector meson production
magnetic probes can be investigated through their variougould be the place where those below-threshold-resonance
meson-nucleon and meson-hyperon decay channels. The exeuplings toK*Y can be investigated. In our model, apart
clusive study of meson photoproduction or electroproductiorfrom the commonly-used quark model parameters, there are
provides insights into the internal structures of the intermeonly two free parameters relating to the& SN®) couplings
diate states. FOK* photoproduction JLab and ELSA have that appear in the quark model symmetry limit. These are the

recently taken the first ever exclusive measurements in th¥ector and tensor couplings for the quatk- interaction.
resonance region. Meanwhile, the S(B)-flavor-blind assumption is made in

The photoproduction oK* vector mesons intersects, on this model and suggests that these parameters should have

. . . yalues close to those used in tleeand p meson photopro-
the one hand, with other strangeness production reac.tlonaumions. In this Rapid Communicatio% we ShEE” ad(?pt the
such' asyp— KA andyp—KZX, and, on the other hand, with 44 recently extracted information from tkemeson pho-
the field of nonstrange vector meson production. Much Worlﬁoproduction as an input.

has been done in recent years on the former reacf®ns|. In this work, we present quark model predictions for the
At quark level, both §,K) and (y,K*) contain clear infor-  k*0 and K** photoproductions:yp—K*°3* and yp
mation about the production of as pair from the vacuum. —K* *30. It is the first theoretical attempt to study nucleon
At the hadronic level these reactions are related to each othégsonance excitations in these two channels. Low-lying reso-
since one reaction contains the meson produced in the otheances within then<2 harmonic oscillator shells will be
one as thé-channel exchanged particle, thus constraining theéncluded explicitly in the formalism, while higher-mass reso-
range of available couplings. With regard to the field of non-nances withn>2, for which there is little information, are
strange vector meson photoproduction, only recently havé&eated as being degenerate by summing over all states for
there been theoretical efforts devoted to the procesdés the saman, which are taken to have the same mass and width
—pN and yN— N in the resonance regid6—9]. Sharing  [13]. As listed by the Particle Data Grolip4], baryon reso-
the same observables, the,K*) process can benefit from nances above 2 GeV generally have widths around 300—-400
work on the structure of and the relationship between helicityMeV, and large mass overlaps make this approximation a
amplitudes, vector meson multipoles, and polarization obfeéasonable one. Taking such a scheme, we will concentrate in
servable$10,11]. In contrast to theyp— p°p, yp— wp, and  this paper on the following pointsi) the magnitude of the
yp— ¢p reactions, the-channel Pomeron exchange is not differential and total cross sections predicted by such a
possible for theyp—K*Y process, wher& denotes the hy- model; (ii) the differences between neutral and chargéd
peron. In this respect it shares similar features with charge@hotoproduction; andiii) the effects of at-channel kaon
p photoproduction, thus simplifying the study of intermedi- €xchange in analogy with our study of the nonstramsgand
ate resonance excitation. p meson photoproductionf6—8|. These results will be
The reason we choose a quark model approach is to avoigsted by forthcoming data from JLab and ELSA in the near
the uncertainties arising from a lack of knowledge about thduture.
K*3N* couplings. A recent study &f* —K*Y by Capstick TheK* meson photoproduction involves the creatiorsof
and Robertd12], using a quark-pair-creation model, sug- ands quarks in the S(B) quark model. With the effective
gests that moK* Y decay branching ratios are small due to Lagrangian of Refd.6,7] adopted for the&* -qq vertex, the
the high threshold for these channels. Only a few low-lyings quark will couple to the meson in the same way asuhe
andd quarks, apart from its different mass{=500 MeV,
m,=my=330 MeV). That is to say, the §8)-flavor-blind
*Electronic address: giang.zhao@surrey.ac.uk assumption of nonperturbative QCD is adopted in our model.
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Following the convention of Ref.7], the transition am- production an opportunity to study tilseandu-channel con-
plitude can be expressed as the sum overtths-, andu- tributions in the absence of those nonresonant processes.
channels, The two parametersa and b in Eq. (3), represent the

. s y vector and tensor couplings at the quark-meson interaction
M¢i=Mg+Mg+Mg, () vertex, and are the basic parameters in this model. At
present, no experimental data #¥ photoproduction can be
used to constrain them. As mentioned above, thg¢35U
flavor-blind approach suggests that apart from the different
quark mass, the parameteasand b should have the same
Ni>, magnitudes as those derived in the photoproduction of the
nonstrangaw and p mesons. Therefore, we shall adopt the
1 parameters used in the meson photoproductiof8] as a
Hemm‘Nj><Nj|Hm|Nl> first test.
tome Our study ofw and p°® meson photoproduction showed
that thes- and u-channel contributions from the effective

where the resonance excitations enter shand u-channels
explicitly as follows:

1
M?i"—leji:; <Nf|Hm|Nj><Nj Ei+w7_EjHem

3w

:i<Nf|[ge,Hm]|Ni)+iwyZ (N¢|HmIN;) Lagrangian are not sufficient to describe the corresponding
! vector meson photoproduction reactions. Apart from diffrac-
tive Pomeron exchange in neutral vector meson production
><<Nj mhe N,> [7,8], scalar or pseudoscalar meson exchange terms are
[ Y J

needed to reproduce the small angle forward-peaking behav-
ior. For example, inyp— wp, the w° exchange dominates at
hem‘Nj><Nj|Hm|Ni>u small angles and accounts for large fractions of the cross
beme T section from threshold up to around 2.2 GeV. With the pion
(2 exchange as the maimnatural parity exchange process, it
plays an important role in parity asymmetry observables.
Similarly, in the reactionyp— p°p, a t-channelc meson

+Iw72 <Nf
J

with the quark-meson coupling

o ib exchange must be introduced as well.
Hn=—d|ay,+ Haqu)V“zm (3) On the other hand, studies of kaon photoproduction with
q isobaric model$3,15] showed thakK* exchange terms were
and the quark-photon electromagnetic interaction needed to reproduce forward peaking at higher energies. A
chiral quark model study16,17 arrived at similar conclu-
Hem=—%me|A“¢|, (4) sions. Recent data from SAPHIRS,19 for yp—K*30°

. andyp— KOS * clearly showed a forward-peaking in both of
where ¢, (i) is the quark(antiquark field, andV* is the  these channels as well. This set of data provides interesting
vector meson fieldg, is the charge operator for theh  information to compare with th&* photoproduction, where
quark;w, andwy, denote the energy of the incoming photon kaon exchange might play a similar role, since K€Ky
and outgoing meson in the c.m. system, respectively, whilertices are the same in both processes.

E; andE; are the energy of the initial state proton and inter- ~ Taking into account the above featureskipphotoproduc-
mediate baryongor hyperong The summation should run tion, on the one hand, and andp photoproduction, on the
over all the intermediate stat@d;), which can be explicitly ~other, it is reasonable to assume that-ehannel leading-
described by the symmetric quark model wave functions. order light meson exchange is needed for & meson

In the second equivalence of E@), a standard transfor- photoproduction as well. This kind of information, even if
mation has been usddee Eqs(14)—(19) in Ref.[13] for  only based on phenomenological considerations, may help in
explicit deduction, where the electromagnetic interaction is shedding more light on the hadron duality hypothesis
transformed intog.=3,er,-ee*", and h,=3,er-e(1  [20,21].

- k/wy)e‘k'rl. Thus, we redefine the second and third The kaon exchange is introduced with a pseudoscalar cou-
term as thes- and u-channel transition, respectively, while pling for the KXN vertex, which has the same form as a
the first term is identified as a “seagull” term. In R¢¥], it pseudovector coupling at tree level,

was shown that the seagull term accompanied by the
t-channel transition amplitude was essential for recovering
gauge invariance for the theory.

An interesting feature arising from the effective Lagrang- _
ian is that the-channel vector meson exchanigé; and the ~ wheregysy is the KN coupling constanty, and ¢ are
seagull term are proportional to the charge of the outgoinghe initial state proton and final statebaryon, respectively,
K* meson. Thus, they will vanish in the neutral vector me-¢x denotes the kaon. The* Ky vertex is
son production but play a role as background in the charged
meson production. Meanwhile, the diffractive process is ab- Ik
sent in theK* photoproduction due to the strangeness pro- EK*Kyze—ysaM&a“AB&“/V%K, (6)
duction. These two features together make the newttal M

‘CKEN:_igKENEE'yS‘r/prSK’ (5
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where A? and V? are the photon and vector meson fields, y+p o> KO+ 2* y+p—K*+5°
Ok*ky IS the coupling constanM g« denotes the&* mass. 0
We determine th&K* Ky coupling fromK* radiative de- 8 r N
cay, K* -K+1vy. Adopting the partial decay width, o o1 E=188Gev —  E=188Gev
T (k#0_k04, =116 keV andl s+ x+,=50 keV [14], 5 i
we obtain gg+oko,=1.134 and gy« +x+,=0.744, respec- i B
tively, for the neutral and charged decay channels. A quark | |
model constraint is adopted for the relative sign between \\F“—r"ﬂ— “” /\_\|“|‘
these two couplings, i.e., a sign difference exists. For the 0
KN coupling, there is more uncertainty over the value that i i
should be used. The most recent studig suggest that 01 E=21GeV —  E=21GeV
Ok+x0p/V4m=1.2 can be regarded as a reasonable value. - Eoea
Isospin symmetry is taken into account and gives the follow- L f’ S
ing relation: [ | p
0 N O 1111 111 1111 11 1111 1111 | 11
Qs p_Gu7PoKED) o o I I
Ok-sop Ga(yP—K'EO) 01f E-24Gev - E-24Ge
where theg, is the axial vector coupling constant in pseu- i B \
doscalar meson photoproduction. The ratio of the two values i —
Of gA IS derlved In the S(B) quark mOdeI m:h‘ 1111 ‘ L1l | L1 11
From Egs.(5) and(6), the t-channel kaon exchange am- 0
plitudes can be written as i i
01— E7=2.6 GeV — Ey: 2.6 GeV
e 2 B :\\i\\\\\
M‘T=—QKEI\'(‘:]K*KZ7 e‘(q‘k)z/ﬁak{wyey-(qx €) L LN
2M i (t—my) . A
+ k-(e.X € oA, 8 ﬁf—.’ﬁTTTﬁ\I? N I W
omk- (€3 &)} ® % 50 100 150 0 50 100 150
0 (deg) 0 (deg)

for the transverse transition, and
FIG. 1. Differential cross sections fopp—K*°S* (left col-
umn) and yp—K* 30 (right column at four different energies.
ef(qfk)ZIGai(eyx k)-qo-A, The dashed and solid curves ar_e predictions with and without
t-channel kaon exchange, respectively.

€0ksNIk*ky Myx

Mi=—
b 2My(t—md) d

9
® four energiesg,=1.88, 2.10, 2.40, and 2.60 GeV. The solid

for the longitudinal transition, whereA=q/(E;+Ms) gﬁ;\/negse denote the results without tivehannel kaon ex-

—KI(E;+M,) and t=(q—k)2. The factor e~ (a~K6e Eor thek 0
comes from the spatial integral over the initial state nucleoqerm andK*©
and final state® baryon, and plays the role of a form factor tions from s-
for the t-channel kaon exchange. The parametgr, in the

production, due to the absence of the seagull
exchange, the solid curves represent contribu-
and u-channel processes, and thus reflect the
magnitudes of resonance excitations. For ife" produc-
eetfon, althou%h the near-threshold cross section is compatible
. L with the K*¥ production, strong forward peaking is found
K*Ky vertex. Here we fixa,=290 MeV, which is the 5, e threshcfld. The change 091’c story is dFl)Je to t%e dominant
same as used io meson photoproductiof8]. . contribution from the seagull term as well as thehannel
We_adopt the following vaIue_s for the two basic param- .« + exchange, which shifts the peaks even more forward.
eters in the quark-meson coupling vertex: —2.8 andb 1,4 fiaitened angular distributions in both reactions are pro-
=—5.9, derived fromw meson photoproductiofB] using  §,,ced by the large mass widths for higher mass resonances,
preliminary polarized beam asymmetry data from GRAAL  hich generally belong tm>2 harmonic oscillator shells,
[22]'_ ! . . and are treated as degenerate for @asince little is known
Flgur+e 1 shows the dlfferentlal cross sections B about them. The off-shell low-lying resonances contribute
—K*9%* (left column and yp—K* *3.° (right column for only through their wave function tails, far from their mass
positions. Near threshold, the cross section forkiH& pro-
duction slightly increases at large angles which is found to
Yt was also found in Ref(3] that a free-parameter fitting of data come from theu channelA and3 transitions.
gave gy +so,/\4m=—0.37, which would produce negligible ef- Compared to the seagull term and nucleon pole terms, the
fects in this calculation. resonance contributions belong to higher orders, and gener-

such that it will partly take into account the form factor at th
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FIG. 2. Total cross sections farp—K* 3 * with (dot-dashed P I I Pl P P
curve and without(dashed curvethe t-channelK® exchange, and 0 50 100 150 0 50 100 150
for yp—K* 739 with (dotted curvé and without(solid curve the 0 (deg) 6 (deg)

t-channelK* exchange. 5
FIG. 3. Beam polarization asymmetby, at two energiesE,

o . .=1.88 and 2.10 GeV. The dashed and solid curves denote calcula-
ally have flattened distributions. Because of this, the domisjons with and without the kaon exchange, respectively.

nance of the seagull term amgthannelK* * exchange will
put a strong constraint on the parameters when experimentgd,ms of the densit
data are available.

Calculations including thé-channel kaon exchanges are
represented by the dashed curves in Fig. 1. Comparing these
two reactions, it is clear that the near-threshold region is not iA 5 5 ;
sensitive to the possible kaon exchange. However, above putpi 1 OITOL

threshold, strong forward-peaking is produced K9 ex- )
change for thac* 0 production, while only a small enhance- where 0| represents the cross section of the vector meson

ment occurs at forward angles for the ™+ due to thek * decay with the decay particles in the p.hoton' polarization
exchange. An interesting feature of the kaon exchanges iRlane, whiles, represents the cross section with the decay
these two reactions is that thé* exchange is relatively Plane perpendicular to it. In Fig. &, is calculated at two
suppressed in comparison with tK€ exchange, as can be €energiesE, =1.88 and 2.10 GeV. Comparing the solid and
seen by the  couplings. Namely, gyxoxo,= d_a_shed curves, one can see that this observable is very sen-
— 1525« +¢+,, due to the larger radiative decay width for sitive to the kaion exchanges, whose exclusive contribution
K*0; and OkOs +p= \/EgK+Eop given by the SWB) flavor  would result inX,=—1. ForK* * production, small contri-
symmetry. This feature is very similar to the chargeche-  butions from theK ™ exchange produce significant effects at
son production, where the™ exchanges were found to be forward angles that shift the asymmetries to smaller values.
negligible. For K*® production, the effect is relatively strong and
Total cross sections for these two reactions are shown ighanges the sign of the asymmetryEat=1.88 GeV. Thus,
Fig. 2. The dotted and solid curves denote the predictionsvith increasing energy, the large angle region will be domi-
with and without thet-channel K* exchange foryp  nated by the transitions from the effective Lagrangian, while
—K**39 while the dot-dashed and dashed curves denotthe forward angle asymmetries are determined by Kfe
with and without the t-channel K° exchange foryp  exchange.
—K*03 %, Again we find that cross sections fig* © photo- In summary, this paper presents the fikSt meson pho-
production are much lower than fd¢* * production. The toproduction calculations for both isospin channeig
effects oft-channel kaon exchange are significant Kor° —K*93* and yp—K**3°, using a quark model with ef-
photoproduction, but rather small f&* * production. fective Lagrangian. Overall, the predicted cross sections are
Next we study the influence dfchannel kaon exchange much smaller by at least an order of magnitude compared to
on the beam polarization asymmetries. Thesaaturalpar-  eitherK or p andw photoproduction. Adopting quark-meson
ity exchanges and their interferences with tse and vector and tensor couplinga= —2.8 andb= —5.9, we find
u-channel transitions are expected to be particularly importhatK* * production is significantly larger tha*© produc-
tant at forward angles. Following the convention of Ref.tion due to the presence of the seagull term and-tiennel
[10], the beam polarization asymmetry can be expressed, iK* ¥ exchange contribution. The effects of pseudoscalar

y matrix elemens$, , of the vector me-
son decay, as

14,1 .
P11TP1-1 0|70,

(10
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kaon exchange are studied in both reactions. We find thatances from the quark model form factors and large mass
using a standard value for tH€X N coupling will produce overlapping effects result in small cross sections for ithe
clear forward-peaking behavior ipp—K*9%* while only ~ >2 terms. Meanwhile, since the forward-peakinrchannel
small enhancements are found ypp—K* *3°. This sensi- dominates at small angles, while tseand u-channels(ex-

tivity of K*© production tot-channelK® exchange might cluding the seagull teringenerally have flattened behqvior_
provide an additional constraint on tH€SN coupling, a and dominate at large angles, the degenerate approximation
valuable “by-product” from the measurement ¥ photo-  tUrns out to be reasonable, at this stage. The calculations

production. We note that at present the sign between the kadffesented here should be regarded as a first step that provides
exchange terms and ts@ndu channeK* production terms a description of collective resonance excitations, rather than

is unknown, due to our lack of knowledge of thet SN showing effects arising from individual resonances. With re-

couplings. Spin observables, rather than the differential crosr%:Srgn:)mO:Sr "o ;qu[g]rael wc?rtII(vﬁtlac:andSOftoseiﬁgI:S(Ijlg tl;loer hrr'ﬁsi”ﬁ:g
section, would be more sensitive to this interference. ’ gh-lying

Also we note that this sensitivity is almost independent Onstates individually in order to assess their importance in these

the degenerate approximation for the-2 states since their reactions. Also, a study of the SU(8J0(3) symmetry vio-

contributions are generally small. Although the quark-Iatlon would be necessary.
K*-meson couplings are compatible with the nonstrange The authors thank Z.-P. Li for valuable comments on this
guark meson couplings, suppressions of higher partial resavork.
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