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¢ photoproduction near threshold with Okubo-Zweig-lizuka evading ¢NN interactions
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Existing intermediate and high energyphotoproduction data is consistent with purely diffractive produc-
tion (i.e., Pomeron exchangeHowever, near threshold (1.574 G@E'yabs 2.0 GeV) the energy dependence
of the diffractive amplitude is not well known and nondiffractive amplitudes suchaand » exchanges s
knockout, and nonzer@NN couplings can give sizable contributions to the cross section and polarization
density matrix elements of thé —K*K~ decay angular distribution. We stress the importance of measure-
ments with linearly polarized photons near thethreshold to separate natural and unnatural parity exchange
mechanisms. Approved and plannédphotoproduction and electroproduction experiments at Jefferson Lab
will help establish the relative dynamical contributions near threshold and clarify outstanding theoretical issues
related to apparent Okubo-Zweig-lizuka violatiofS0556-28188)05201-7

PACS numbgs): 25.20.Lj, 13.60.Le, 21.30.Cb

I. INTRODUCTION ponent or strong final state interactions medigtgroduc-
tion.
Recent observations of largg production cross sections In this paper, we present a quantum hadrodynamical
in pp— ¢X (X=1,7,0,p,mm,7y) experimentd1] indicate (QHD) model calculation forg$ photoproduction with a fo-

a large apparent violation of the Okubo-Zweig-lizul@ZI) cus on sensitivity to nondiffractive production mechanisms

rule [2], which essentially states that couplings betweer €& thresholdincluding OZI evading interactionsTo help
states v,vith no common quark flavofise., disconnected or motivate this analysis, a review of the broad based experi-

hairpin quark grapBsare suppressed. In the naive uarkmental, phenomenological, and theoretical work on OZI eva-
pin g grap = supp ' q sion is presented in the next section. In Sec. Il, we present a

model, the proton has ros content whereas thé mesonis  general discussion of the nondiffractive mechanisms ex-
an ideally mixed, pures s state, and thus the OZI rule pre- pected to contribute t@p photoproduction near threshold.
dicts negligible pNN couplings and permits only strange The importance of using linearly polarized photons and mea-
hadronic decays of the (such asp— KK ™). Actually, the  suring the full¢—K*K~ decay angular distribution is em-
nonstrangep— pr decay has a 13% branching ratio which phasized in Sec. lll. We present details of our QHD model in
is much |arger than nai\/e|y expected from the OZI ru|e_seC. IV, discuss numerical results in Sec. V, and summarize
However, it is incorrect to interpret this decay as an Oziconclusions in Sec. VI.

violation since there are two distinct mechanisms which per-

mit connected quark loops and hence a nonstrange decay 1. OZI EVADING MECHANISMS

without violating the OZI rule. The first possibility involves

two-step OZI allowed final state interactions such as In the recent data which indicate large apparent OZI vio-
lations, there is a notable spin, channel, and momentum

({)—>KK—>p7T. Asecon_d poss@llty foIIows@m the realiza- transfer dependence. For exampiigthe ¢ and ¢y chan-
tion that the¢) meson is not simply a pures state. Thed  pe|s exhibit strong enhancement over the OZI prediction,
actually has a smallu+dd component which can couple whereas much smaller deviations are observed in other chan-
to the nonstrange s decay channel without violating the nels; (ii) the apparent OZI violation for small momentum
OZI rule. These two possibiliti_es show that a distinctiontransfer(e.g.,p p at resj is much larger than at higher ener-
should be made between couplings decays that actually  gies; (iii ) the enhancement of the=° channel appears only
violate the OZI rule and those whicevadethe OZI rule  from Swave pp annihilation with no observed OZI viola-
through final state interactions or intrinsic flavor wave func-tion in the P wave.

tion components beyond the naive quark model assignments. several calculations have explored the possibility that the
To reiterate, the terminology OZI evasion applies to cou-apparent OZI violations result from strong final state inter-
plings such ash— p where the OZI rule does not strictly actions mediated by OZI allowed two-step mechanisms in-
apply since connected quark graphs exist. Obviously, the aR/'oIving KK. K*K+K*K. KK and AA_intermediate

parent OZI “violations” observed ip p— ¢X can be inter-  gtated3-9]. These calculations share the virtue of using ex-
preted as a manifestation of 0oz evasion if the nucleon waveerimentally known cross sections and branching ratios
function contains an explicis s (hidden strangenessom-  which tightly constrain the amplitudes of various subpro-
cesses driving the OZI evasion. A primary criticism of this
approach is that strong cancellations are possfate in
*Present address: Hampton University, Department of Physicsome cases expeciedetween different hadronic loops
Hampton Virginia, 23668. Electronic address: bobw@cebaf.gov [10,11, and hence calculations employing a truncated set of
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intermediate states can at best provide an upper limit to theess admixture. For example, Henlelyal. [20] used a non-
OZI evasion[12]. However, these two-step calculations do relativistic constituent quark model to calculate
obtain the right order of magnitude for the observed OZIphotoproduction and electroproduction from the proton with
evasion in all of the various channels. We note that the obintrinsic strangeness and estimated an upper limit| BJf
served dependence of OZI evasion on the initial spin and. 10— 20 o%. Recently, Titoet al.[21] have explored a rela-
orbital state of thep p— ¢«° reaction provides an interest- tivistic (covariant oscillatorquark model showing that with
ing possibility for testing the consistency of the two stepless than 5% admixture of strange quarks in the protorpthe

scenario. As pointed out in Ref$8,12], measurements opqonroduction cross section fross knockout is compa-
would be useful to verify whether or not the isospirl  he 1o diffractive production. Furthermore, Titoat al.
amplitude of thep p—>K*ISrK*K reaction is substantially showed that the beam-targéBT) and beam-recoilBR)
larger for S-wave 3S;(pp) annihilation compared with double polarization observables are particularly sensitive to
P-wave P;(pp) annihilation. If not, then the observed ex- the hidden strangeness component. We note that the quark
cess inp p— ¢x° from S-wave annihilation would be diffi- Model calcuations discussed here were not constrained by
cult to explain from strong final state interactions. Buzatuthe nucleon mass or other properti@sg., magnetic mo-
and Lev[13] have clarified this point by demonstrating that ments, form factopswhich we expect could place strong
since ¢’ can be produced with=0,2 in theP-wave anni-  restrictions on the allowable range for hidden strangeness
hilation channel, there is a possibility that large destructivecomponents.

interference between the=0 andl =2 amplitudes could ac- Assuming the viability of the hidden strangeness hypoth-
count for the unobserved OZI evasion in this channel even iésis, another direct consequence is the affect on electromag-
the K*K+ K*K production amplitudes are comparable for netic properties such as nucleon magnetic moments and form
S-wave andP-wave annihilation. This possibility seems un- factors. Recent lattice QCD calculations have found evi-
likely, however a measurement of thet K (K*K) angular dence that intrinsic strangeness is essential for understanding
distribution inP-wavep p annihilation can(in principle) re- the magnetic moments of the octet baryons, with 11% of the

solve this issue and provide a decisive test of the two—ste@mto_n S magpeﬂc r.“o"ﬁer.“ coming from strange qu@ﬂ@.
mechanism. onsistent with this finding are vector meson dominance

Dover and Fishbane have suggested that the existence of ¥MD) and dispersion relation models of the electromag-
JPC=1"" ¢ resonancdthe “C(1480) meson] may be netic nucleon form factors. These models employ effective

responsible for enhancedl production in certairp?annihi— OZI evading QX'JN _vector and tensor couplings which
lation channelg14]. This resonance can naturally provide strongly affect the. isoscalar nuclgon form fgctors. For ex-
enhancedp® production inS-wave annihilation while de- ample, OZI evading#NN couplings contribute to the
coupling fromP-wave annihilation. Unfortunately, no devia- Nucleon strangeness radius, strange magnetic moment, and
tions from the OZI rule have been observed in #he chan- have been shown to provide a significant improvement to fits
nel where the predicted isoscalar partner of @emeson of GE(g?) [23-27.
should couple strongly. Furthermore, tk& meson is not An OZI| evading QHD interaction Lagrangidwith g\;'NTN
well established and it is not a resonance in #hechannel  couplings provides a complementary parametrization of the
where the largest OZI evasion is observed. It is clear that thetrange quark knockout and loop order effects. For example,
C-meson resonance can not explain all of the observed OZh the simplest quark model realization of E() the ss
deviations, but it is nonetheless an interesting, albeit contropairs in the nucleon form a color singlet cluster that couple to
versial possibility in thep° channel. spin 0 or 1(in a relativeP wave with respect to the non-
Ellis et al. suggest that the pattern of observed OZI eva-strange clustef21]. The spin 0 component has the quantum
sion is difficult to understand without preexisting strangenesgymners of an intrinsicy, (i.e., strange component aof
in the nucleon(12,19 (see Ref[16] for a critical review.  meson whereas the spin 1 component has intringimeson
Allowing for intrinsic hidden strangeness, the nucleon Wavegyantum numbers. In principle, the QHBNN couplings

function is generically expressed: can be related to underlying quark dynamics through overlap
- matrix elements of quark model wave functions with an in-
|[py=Aluud)+Bluud®(ss)). (1) trinsic ¢-cluster component. Similarly, an intrinsig, com-

ponent of the nucleon will give a dynamical contribution to
Using this ansatz, Elligt al. showed that the apparent OZI the effective value of theyNN coupling constant. Even
violating featuregi),(ii),(iii ) can be explained b§OZI evad-  without intrinsic nucleon strangeness, effectigélN cou-
ing) strangeness “knockout” and “rearrangement” mecha- plings absorb dynamical contributions from hadronic loops
nisms with a nucleon strangeness admixture probability irwith OZI conserving meson-baryon interactions. Explicit
the range 0.0%|B|?<0.19. This estimate is consistent with constituent quark mod¢ll1] and QHD[28] loop order cal-
the analyses of other independent experimental results suciulations of the nucleon strangeness radius and magnetic
as the EMC deep inelastiep scattering[17], BNL elastic  moment using well constrained OZI conserving interactions
vp scatteringd 18], and measurements of theN sigma term  have shown large cancellations between loops, implying
[19] which consistently find a strangeness admixture of apvery small effectivepNN couplings (consistent with OZI
proximately 16-20 %. For electromagneti¢p production, suppression These results suggest that evidence for ano-
the knockout mechanism has been shown to yield a substamolously large¢pNN couplings would represent a phenom-
tial contribution to the cross section with a moderate strangeenological manifestation of intrinsic nucleon strangeness.
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For the sake of this study, we treat tbé’JN and g,n IV. IMPORTANCE OF LINEARLY POLARIZED
couplings as unconstrained parameters which we adjust to fit PHOTONS AND ¢—K*K~ ANGULAR DISTRIBUTION
the existing¢ photoproduction data. With a phenomenologi- 5 primary advantage ofs production measurements us-
cal treatment such as this, we realize &N couplings are ing a 47 acceptance spectrometeuch as the Hall B CLAS
only effective constants which parametrize the OZI evadingt Jefferson Labis that the full angular distribution of the
interactions(two-step loops and/or hidden strangeness-  yector ¢ decay can be measured which gives information
curring at a more fundamental level. A primary focus of thisahout the polarization state of ti prior to decay, in addi-
work is to test whether the cross section or polarization obtion to the differential cross section. Quantitatively, tite
servables measured from tife—~K K™~ decay angular dis- meson decay angular distribution gives information about
tribution are sensitive to théNN and NN couplings. independent bilinear combinations of the helicity amplitudes
(polarization density matricésFor ¢ photoproduction with
linearly polarized photons, the full decay angular distribution
lIl. NONDIFFRACTIVE ¢-PRODUCTION MECHANISMS can be expressda6]:

There are several possible mechanisms which can contrib- W, (0,¢,)=W°(6,¢)— Pycoszcbwl( 0,0)
ute to observable deviations from diffractidephotoproduc- _ . 2
tion. For example, an approved Jefferson Lab experiment P,SIN2W(6,4), )

will be focusing on two-gluon exchange interferencedin  whereP, is the degree of linear polarization of the photon,
production in the large-region[29]. This two-gluon mecha- @ is the angle between the photon polarization direction and
nism respects-channel helicity conservatiofSCHO and  the ¢-production plane, and & ¢) are the polar and
can be separated from othérchannel mechanismé.g.,  azmuthal angles of thé "K ™ pairs in the helicity(H) frame,
pseudoscalar exchange and strangeness kngckoah ex-  defined as theb rest frame withe-direction taken opposite to
periment using linearly polarized photofdiscussed in the the recoil proton in the c.m. system. The normalized
next sectioi In addition to the strangeness knockout, two-W!(8,¢) (j=0,1,2) functions are expressed in terms of the
step, and effectiveéNN interactions discussed in the previ- polarization density matrix elemengs, , :

ous section, pseudoscalaf and » meson exchange ampli-
tudes are expected to be non-negligible with maximum
contributions at low energy near thieproduction threshold.
Recent model calculations have shown thatiér 2.0 GeV
these unnatural parity amplitudes can be comparable or
larger than diffractive production via Pomeron exchange
[30]. The effective couplings of ther exchange amplitude
are relatively well knowne.g.,g9,nn and u,,), however,

the NN coupling is uncertain and its value can be another 3
measure of the intrinsic nucleon strangeness content. Specifi- W( 9, ¢) = —[p}lsin20+ péoco§0— \/Epiosin20cos¢
cally, the NN coupling can be related to the axial flavor sl

singlet nucleon charge through thg(d) anomaly in QCD. —p},lsin26c032¢], (4)
Hatsuda has shown that th@NN coupling should be sup-

31 1
WO(0,¢)= yp= 5(1—P80)+ E(Spgo—l)cosze

—V2Rg pdglsin26cosp— pd_ sirPhcos2p |,

()

pressed relative to the naive 8) prediction to be consis- 3

tent with the EMC dat431]. A phenomenological study of W2( 9, )= 4—[\/§Im[p§0]sinzacow

low energy n photoproduction indeed found a suppressed T

nNN coupling, but contradicts the Bonn potential which —Im[pf,l]sinzecos%]. (5)

gives enhancement relative to @Y [32]. Our results con-
firm that precisiong photoproduction data near threshold The W°(#6, ) function is the distribution for thep decay
will provide sensitive constraints on thgNN coupling. We  from unpolarized photons whereas thé%( 6, ¢) functions
neglect contributions fromy’ exchange due to its relatively correspond to the extra terms associated with two indepen-
large masggiving propagator suppressipand highly uncer-  dent linear polarization orientations of the photon. We write
tain hadronic and electromagnetic couplings. the expressions for the{,, matrix elements in terms of he-
One additional(speculative nondiffractive mechanism jicity amplitudes in the next section.
for ¢ photoproduction is worth noting. Recently, two very  Two features of photoproduction with linearly polarized
narrow baryon resonances were observepHirt°C reactions  photons are worth noting. Compared with any other photo-
which decay dominantly into strange channk88]. These  production polarization observable, using a linearly polarized
states, called th&(2000) andX(2050), have been inter- photon source with subsequent detection of ¢heecay dis-
preted as five-quark, color octet, or sextet bonded exotigipution provides access to the maximum number of inde-
baryons containing s pairs[34], or possibly molecula®N pendent density matrix elemenfsine elements, compared
or K*Y (Y=A,X) resonance$35]. Strange baryon reso- with five for circularly polarized and three for unpolarized
nances permit an OZI allowed strong decay in #ychan-  photons. Another key advantage of using linearly polarized
nel, and consequently these novel states may produce intgshotons is that seven of the nine measurable density matrix
esting resonance enhancement and/or interference effects judements can be separated into contributions from natural
above theg photoproduction threshold. and unnatural parity exchanges in thehannel, whereas
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experiments with unpolarized or circularly polarized photons ) i .

do not yield any information on the nature of thehannel P T 5N > hyT}\a’hyUT)\’g’hyo—! (12
exchange$36]. Since unnatural parity exchange amplitudes hyo'eo

violate S.CHC’ separation of thechannel pan_ty matrlx.ele— whereN is the normalization factor related to the unpolar-
ments will prove to be extremely useful for disentangling theized differential cross section
competing dynamical mechanisms presentginphotopro-

duction near threshold. An extra benefit of measuring the do M2(fic)?
complete angular distribution dk K~ production is the N== > [Taohol? ——=—0——
possibility to resolve interference between thavave ¢ de- 2)\h70"0' Y dt 32ms|deml?
cay component ands>-wave K"K~ pairs which couple ) ) ]
strongly to thef ,(980) anday(980) scalar meson resonancesTh’? _GJ density matrix ele_ments can be transformeo_l into the
[37]. The scalar mesons have controversial quasotio,  Nelicity (H) frame appropriate for Eq$2)—(5) by multipli-
gluonic (hybrid), and/or molecular structure, thus photo- ~ cation  with ~ the  Wigner rotation functions p(H)

. . R : — t i
production can provide valuable indirect information about=D'(#.0)p(GJ)D*(#,0)", wherey is the angle between the
these novel states. photon direction in thep rest frame and theg momentum

direction in the total c.m. system. Explicitly, in terms of the
c.m. momental@| and|k|) and the¢ production angled:

(13

V. QHD MODEL DETAILS
To establish notation we specify thg photoproduction k-(g—k) |alcosd — K|

: CcCosy= = .
reaction £4 |k||q—k| [|q|2+|k|2—2|q||k|c05®]1’2
¥(a,h,)+p(p,o)—¢(k,hy)+p(p’,o’), (6)

(14)

The effective QHD Lagrangian densities for the strong
where the energy-momentum four-vectors for the photonand electromagnetic interactions are implied by the follow-
initial proton, ¢, and recoil proton are given by, p, k, and  ing expressions for individual contributions to the hadronic

!

p’, respectively. The photond() helicity is denoted byh,  current tensor.

(hy), and the initial(final) proton spin is labeled by (o). t-channel0* Pomeron P) exchange
The photoproduction helicity amplitudeg,{qs,,,hyg) can be
: e S—s,| W
expressed: Hﬁ/VU:MipHP(t) g th) u(p’,o")u(p, o)
¢ 0

T a'h o= h :h HILZ}’ 7
hg hy e,u( 7)¢ ( (25) oo () X[q.kg”“v—k”‘qv]. (15)

wheree, (h,) and¢,(h,) are the photon ang polarization

v oo

t-channel0~ meson exchanggx=7°, 7).
four-vectors in the helicity basis, respectively, &hg; is

the hadronic current tensor obtained by application of Feyn- ex Fo(t:N) —
. nv ‘f’)’ngNN nh ro_r unavf
man rules to the tree level QHD diagrams. We evaluate thét,, = 5 5 U(p o) ysu(p, o) €47 g K .
hadronic current tensor in the Gottfried-Jack$Gd) system, Myl (P’ —p)"=My]
defined as the® meson rest frame with theaxis taken to be (16)
in the direptipn of the incoming photon. The Gq frame is_ & 0zl evading s channel
“characteristic frame” oft-channel processes since in this
frame the polarization density matrix elementstathannel v . iKIﬁ
exchanges are independent of both energy and production Hﬁf’g=eg¢NNFs(s;)\)u(p’,o’) 'y"+ma”“ka
angle. In the GJ frame, the photon adpolarization four- P
\ég(r:;g:)sngﬁzlse the same form for the transvesaicity =) ><(p+q). y+ Mp[y iK; o184 u(p.0)
(p+q)2-M2 |~ " 2Mp T
A . 1
BN=e0)==FOIN0 (h=2), @ 7
OZI evading u channel
¢,U~()\):(010101]) ()\:O) (9) v v — ., , |K-'IJ— 8
_ . . Heyr g=€ggnnFu(UsN) u(p’,o’) 7M+2M a’Pqg
The density matrix elements are computed from the helicity P
amplitudes through the relations (p'—q)- y+ Mp{ ) iK; -
X 5 517 o”%K, (u(p,o).
1 (p'—q)>-M2" 2M,
Pon=5n0 2 TaohoThrgrn o (10 ’
2Nh70'/0' 4 7 (18)

1 Note that the Pomeron exchange amplitude is coupled to the
piwz N Z T)\U/*hy(TT:'o’hycr’ (12) n_ucle(m and¢$ meson with scalar (0) quantum rlumbers
hyo'o [i.e., u(p’,d")u(p,o) for the P-nucleon coupling and
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TABLE I. Pomeron parameters of modelRegge propagator, TABLE Il. Lagrangian parameters of modelRegge propaga-
Ssi=Sp) and model II[Empirical propagator with(@) s;,=0, (b) tor, s;y=Sp) and model l[Empirical propagator witlia) s;,= 0, (b)
Sih=SoJ- Unadjusted parametefPomeron pole magsMp,=1.3 si=SpJ- Unadjusted parameter@nomalous tensor coupling of the
GeV. Note the sensitivity to the Pomeron Regge intereeptn proton K;:1.793, (psuedoscalarmNN coupling g,yn=13.8,
model | (implied by significant figures displayedThe Pomeron (form factor cutoff A =0.5 GeV. The magnitudes of the radiatige
intercept of model Ka) violates the Froissart limizo<1 and thus  decay constants are determined by the experimental partial widths.
produces an unphysical high energy behavior.

9NN QX)NN "<Tb Kgym Keoyn
Gp @ a'(GeV'?)  B(GeV?)
Model | 6.3 -0.3 033 0.143 0.708
Model | 1.6  0.962 0.25 Model 1i(a) 2.6 -0.8 013 0.143 -0.708
Model (&) 8.5 1.25 0.27 3.0 Model I1(b) 7.3 -0.7 0.0  0.143 0.708
Model Ii(b) 17.0 1.0 0.27 3.0

empirical exponential factore’'), which reproduces the ob-
F),F4" for the P-y-¢ coupling with a dimensionless servedt_ depe_ndence of the diffractive cross section.
strengthGp, and has asymptotic energy dependence consis- W€ investigate two extreme cases for the threshold pa-
tent with Regge theorys(s,)“® [38]. The Pomeron Regge 'ameter ) corresponding to versiorg) (with s;,=0), and
trajectory is parametrized by the conventional linear form(®) (With su=so) of model II. In the model Regge pre-
a(t)=ay+ a't. We note that Regge theory only establishessScription, the available data strongly selects the maximum
the asymptotic high energy behavior of the diffractive ampli-value for the threshold parametgf;—so, hence we present
tude, and since the energy dependence of the diffractive an@nly one version of model I witlsy,=s,. The purpose of
plitude is poorly known at low energy, we introduce a pa-introducing two Pomeron propagator prescriptions and in-
rameters,, (0<sy,<sS,) which governs the relative strength Vestigating two versions of the diffractive threshold energy
of diffractive production near threshold. We take the refer-dependence is to test the stability and sensitivity of¢ieN
ence energy {s;) to be fixed at thresholdsy=(M 4 and 7NN cpupllng constants to dlffergnt assumptions about
+M,)2 IIx(t) is an effective Pomeron propagator which is the diffractive component of the amplitude.

parametrized in two distinct model prescriptions. In each of the-, s-, andu-channel amplitudes, Eq&L6)—
Model | (Regge theory) (18), we employ a hadronic interaction cutoff function to

account for the composite structure of the nucleon and me-
/ sons. The hadronic form factors can be calculated in con-
ey . .

- . (19)  stituent quark models and have been shown to be very im-
sif7a()] {1+ a(t)] portant in regulating the energy and momentum transfer
. dependence in meson photoproductji88,4d. However, to
Model Il (empirical) preserve the covariance and crossing properties of our model

we employ phenomenological form factors:

II t:E 1— —ima(t)
o0)= 5 (1= ()

eft
I(t)= 2 (20) Ao
= M3 FyOGN =~ =5 (x=situ), (21)
+X

In model I, a perturbative scalar meson propagator with a
pole mass fixed a¥l = 1.3 GeV(appropriate for the lightest where “x” is dummy for the appropriate Mandelstam vari-
scalar glueball candidate dp exchanggis modified by an able in each channel. The form factors are normalized to

TABLE IIl. Model predictions for the measurable density matrix elements in the GJ frama(@e
<1, —1/2<b,d,f,g=+1/2).

0o+ ag 0~ (ss)o (ss); dNN All
p%, 1/2 1/2 1/2 1/2 i(1-a) 1(1-0) i(1-9
0% 0 0 0 0 #0 #0 #0
pd_, 0 0 0 0 #0 #0 #0
pd 0 0 0 0 a c e
PI1 0 0 0 0 #0 #0 #0
pTo 0 0 0 0 #0 #0 #0
P4 +1/2 +1/2 -1/2 —-1/2 b d f
P 0 0 0 0 #0 #0 #0
P2 0 0 0 0 #0 #0 #0

P2, —ir2 —ir2 +il2 +il2 —ib ~id ig
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FIG. 1. Threshold energy dependence of model | differential FIG. 2. Threshold energy dependence of modg) idifferential
cross section dty;,. Different curves represent results with ampli- cross section at.,;, showing results from different amplitude com-
tude combinations as labeled in the key. Data is from a compilatiorinations.
of references if41].

unnatural parity (0 7 and n) exchange amplitudes are
unity at Spin=So (threshold, t,=t(®%53=0), and Uy,  modulated. The last column of Table Ill shows that every
=u(®°y';,"': ). We assume the same value for the cutoffmatrix element is potentially nonzero when all processes
parameter in all channels. contribute to¢ production. At®. ,,=0° (or t,,,) only the

All parameters are adjusted to fit the existigigphotopro-  highlighted matrix elementsa(b,c,d,e,f,g) are nonzero.
duction data, except fa,nN, the radiative decay constants We note that thepgo matrix element is particularly interest-
|k 4yl @and|ky,,| (relative phases are fit to datand the ing since it is identically zero for the conventior{@omeron
form factor cutoff which is arbitrarily fixed & =0.5 GeV. and pseudoscalat-channel exchange amplitudes, whereas
We discuss sensitivity to the cutoff parameter in the numerinonzero values are generated in proportion to the spin-1
cal results section. We display the model parameters for thstrangeness knockout and/gfNN amplitude component.
Pomeron amplitude in Table | and the Lagrangian paramWe have confirmed numerically that compared with all other
eters in Table I1. matrix elementsp, has the largest sensitivity 9NN cou-

It is interesting to see the contributions of individual pro- plings.
cesses to the observable density matrix elements. We present Another very interesting observable is the photon polar-
a summary of the previously discussed dynamical processggation asymmetryy, defined
and their corresponding measurable GJ density matrix ele-
ments in Table Ill. Columns 1-7 show the predictions for
scalar Pomeron exchange *(Q two-gluon @g), pseudo-

scalarm and % (07), spin-0 strangeness knockdiys s)],

spin-1 strangeness knockolts s);], OZI evadings- and
u-channel QHD amplitudesNN), and all processes com-
bined (all) respectively. Note that the two-gluon exchange
preserves SCHC and gives the same matrix elements as Quhich essentially measures the degree of SCHC. Note the
exchange[29]. Similarly, the spin-0 strangeness knockoutextreme limits forS corresponding to purely diffractive/
mechanism couples the photon to the intringiccomponent  natural parity production compared with  purely
of the nucleon, having the same quantum numigeedicity  nondiffractive/unnatural parity production:

dependengeas 0 exchange and thus contributes to the
same matrix elements. The spin-1 strangeness knockeuyt
intrinsic ¢) and OZI evadingpN N amplitudes do not have a
characteristic frame, hence they can contribute to all density
matrix elementgwhich are generally energy and angular de-
pendent Even without strangeness knockout or OZI evad-Obviously,?, is particularly sensitive to the relative strength
ing QHD interactions the nonzero matrix elements in col-of natural and unnatural parity exchange amplitudes, and
umns 1-4 can be energy and angular dependent as tipeecise measurements &f near threshold would be very
relative contributions from natural parity {OPomeron and  useful for quantifying thep exchange contribution.

_o—o; 1 W (0,7/2,712) — W, (0,7/2,0)
“opta, P, W (0,m/2,m/2)+W(0,m/2,0)

1.1
Pt p1Ig

, (22
phtp) ,

S—+1: 0" exchange,

——1: 0~ exchange.
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35 T T T T T T 3 T T T T

Model II(b) Model II(a)
30 0C.m. =0.0 2
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v — P, 7, ¢NN

\’ AI Il 1 1 Il 1 1 1 2 L L L L
O e e s 10 00 0.2 0.4 06 058 1.0

lab Itl (GeV™)

E ™ (GeV)
. . FIG. 5. Model I(a) differential cross sectioh dependence near
FIG. 3. _Threshold energy dependence .Of mod) Idilfferentlal threshold, showing results from different amplitude combinations.
cross section dt,,;, showing results from different amplitude com-

binations. ) ) ) )
nondiffractive amplitudes, especiallyy exchange. In all
VI. NUMERICAL RESULTS modgls presgnted and for all ob_servables, ﬂ_bhexchange

contribution is suppressed relative to thesince |k .|

Figures 1, 2, and 3 show the threshold energy dependencg| «4,,|. All models show very little sensitivity to the OZI
of models |, 1(a), and IKb) differential cross sections respec- evadings- andu-channel¢NN amplitudes at,,;,. The en-
tively at t,;, with curves showing various combinations of hancement of the cross section seen in models | aftl 1l
amplitudes(as labeled on figuje For all figures presented, exactly at threshold is dominantly due to theexchange
the data is taken from Ref41] and/or references therein. amplitude and is therefore a measureg@fw.

Model ll(a) shows little sensitivity to nondiffractive ampli- Figures 4, 5, and 6 show thedependence of the low
tudes, but models | and(b) (by definition have a vanishing energy cross section dat&{"= 2.0 GeVj for models |, I{a),
diffractive amplitude at threshold, hence they demonstrateind Ii(b), respectively, with specific amplitude combinations
enhanced sensitivity to the magnitude and relative phase @fisplayed. The model | and(b) results show that the dif-

5 T T T T 5 T T T T
M(;del I Model II(b
ab
) Efy =2.0GeV )
10° SR ] 10°
o~ T P’ 71-, 1'7 o~
(] 5 (] 5
> >
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5 5
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-2 1 1 | L -2 1 1 | - L
000 0.2 0.4 0.6 0.8 1.0 000 0.2 0.4 0.6 0.8 1.0
Itl (GeV?) Itl (GeV?)
FIG. 4. Model | differential cross sectioh dependence near FIG. 6. Model I(b) differential cross sectiohdependence near

threshold, showing results from different amplitude combinations. threshold, showing results from different amplitude combinations.
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5 T T T T T T
10| —— i
Ey " = 6.45 GeV =
10°F 1 05+ 1
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>
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S10't  —— Modell :
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sp Model II(b) osT
Lof 1
10—2 | | L | I 1 L
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FIG. 7. Differential cross sectioh dependence for models I, FIG. 9. Model | photon polarization asymmetry.) t depen-

II(a), and IKb) at higher energyE®°=6.45 GeV. For the range  dence near threshold, showing results from different amplitude
covered by the data, nondiffractive amplitude components ar@ombinations.
small.

sizable contribution aft| increases. Models (&) and Ii(b)
fractive contribution alE';>=2.0 GeV and for smallt| is  (Figs. 5 and 6, respectivelghow a significant improvement
nearly an order of magnitude smaller than the contributiorcompared to the behavior of the low energy data with in-
from » exchange. The cross sectibdependence in all mod- creasing|t|, even though moderately smahNN couplings
els show strong sensitivity to thé NN couplings and all  (consistent with OZI suppressipare required. We note the
models prefer a very small effective tensor couplig§NN general trend of all models for increasing and sizable effects
=g>’,NNKT¢. Model | incorporates the smallegiNN cou-  from all nondiffractive amplitudes as energy approaches
plings (consistent with OZI suppressipyet it produces a threshold and increasing with|. From this behavior we in-
fer the possibility that experiments looking for two-gluon
interference signature.g., dip featuresat large|t| [29]

wor g 10+ e .
051 ] 05t 1
S 001 . % 0.0 M({:lljel 1I(a) i
2 Ey™ =2.0GeV
— Model 1
"""""" Model I(a) i
0T —— Model II(b) | 05F P 1
——= P, NN
Ocm, = 0.0 — Bmm¢NN
_1.0 _I 1 1 1 1 1 1 1 1 | 1-0 I |
12 3 4 IaSb 6 7 8 9 10 0.0 0.5 1.0 1.5 20
E," (GeV) It (GeV?)
FIG. 8. Threshold energy dependence of models (B),lland FIG. 10. Model I(a) photon polarization asymmetry{ t de-

II(b) photon polarization asymmetny%{ at t.;,. The data is a pendence near threshold, showing results from different amplitude
compilation of points witht~t,, from references if41]. combinations.
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may get “washed out” from anomalous backgrounds asso- '
ciated with¢ production from OZI evadingdNN couplings R T Model TI(b)
and/or strangeness knockout mechanigdepending on ac- N
tual magnitude of OZI evading amplitudes and proximity to '
¢ threshold energy

We caution here that the extracted values for #ié¢N
(and to a lesser degresNN) couplings in models | and (ib)
are quite sensitive to the hadronic cutoff parameter
whereas in model (B the couplings are relatively insensi-
tive to the cutoff. For example, if we increase the cutoff
parameter to.=0.7 GeV, then theyNN couplings of mod-
els | and Ilb) become suppressed by a factor of approxi-
mately 1/3[consistent with the value found in mode(d)],
and the optimalkpNN couplings also reflect some suppres-
sion (although much less than the couplings. We stress
that the hadroniesNN and »NN couplings that we extract
in this analysis are only representative values which reflect )
our model assumptions, and should not be considered as a 1ol }
precise determination of their actual values. We are satisfied ‘ ' '
with demonstrating sensitivity to these couplings to encour- 0.0 0.5 Lo 15 20
age new experiments, which will undoubtedly lead to further Itl (GeV")

theoretical refinements. FIG. 11. Model I(b) photon polarization asymmetng( t de-

We _demonstrat(_a the Consistenbcy of models_ (Ia)!land pendence near threshold, showing results from different amplitude
[1(b) with data at higher energyE(j‘ =6.45 GeV in Fig. 7. combinations.

All models presented become purely diffractive at high en- _ o .

ergy. In F|g 8 we p|0t the photon p0|arization asymmetryments. The linear photon pOIal’Izatlon can be achieved at
(3) energy dependence &4, for all models. The deviation ~Jefferson Lab through an approved coherent bremsstrahlung
from unity toward negative values near threshold is primarilyfacility [42,43 or a proposed laser Compton backscattering
a consequence of the exchange amplitude, although the [acility [44], and will permit a separation of natural and un-
very steep dependence of modefall exactly at threshold natural parity amplitude contributions. The threshold energy
arises from thepNN contribution. Figures 9, 10, and 11 region is interesting because the enhanced sensitivity to non-

diffractive amplitudes permit measurements to constrain
lab__

show thet dependence dt. near tthShOIdEv =2.0 GeV) and/or extract uncertain and theoretically important hadronic
for models |, 1(a), and I(b), respectively. Each model pro-

. ! , constantgsuch as theyNN, ¢NN couplings and Pomeron
duces very different behavior for ti¥ t dependence, which Regge trajectory parametgrand establish the threshold en-

supports our claim that precision measurements using ling, o qependence of the diffractive Pomeron exchange ampli-

early polz.iri.zed. photons _W,ith full angular. coverage can bgqe Although not explicitly calculated in this study, new
quite decisive in constraining the dynamics of thresheld =, otonroduction measurements near threshold may also pro-
photoproduciton. Another persistent feature in I_:lgs. 9-11 i%de the opportunity to extradt,(980) anday(980) scalar
that all models show near threshold to be dominated By eq0n cross sections throu§hP wave interference distor-
exchange aty, and the¢NN amplitude attmay. tions of theK *K ~ angular distribution, and investigate pos-
sible novel physics such as enhanced production from can-
VII. CONCLUSIONS didate strange-exoti¥-baryon resonances.

We have shown thap photoproduction near threshold is
sensitive to nondiffractive amplitudes involving OZI evading
#NN coupling to the proton, especially foir]>|t,i,|. Mea- The author appreciates helpful discussions with Phil Cole,
surements using linearly polarized photons and detecting thRolf Ent, Dave Tedeschi, Adam Szczepaniak, and Nathan
full angular distribution of thep— K"K~ decay will be able Isgur. This work was supported by NSF Grant No. HRD-
to extract 9 independent polarization density matrix ele-9633750.
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