


Introduction

Recently, the strangeness content of ordinary nucleons and nuclei has
attracted considerable interest [1-4]. This is connected with experimen-
tal evidence of nonzero strangeness matrix elements in the proton which
comes from the measurement of the pion-nucleon o-term at low energies
[5] and deep-inelastic polarized muon scattering from the proton [6]. At
the same time, it has been argued [7] that both measurements could be
understood with a little or without strangeness content in the nucleon.
Therefore, it is natural to consider other independent tests related to the
strangeness content [1,3,8]. One of them is to use the leptoproduction
and photoproduction of the ¢ meson from a proton, as it has been sug-
gested by Henley et al [1,2]. The idea is to determine the amount of
the ss—admixture in the nucleon by isolating the direct knockout con-
tribution to the measured cross section. Since the quark content of ¢
is purely s3, other processes violating the OZI rule are suppressed. In
Ref. [2], the calculation has been carried out in a non-relativistic quark
model (NRQM) and the direct knockout contributions have been found
to be comparable with the prediction of the vector-meson dominance
model (VDM) [9] of diffractive production if a (10-20)% strange quark
admixture is assumed.

In Ref. [10], this model has been improved including the Lorentz-
contraction effect, where the form factors and other spatial integrals are
calculated within the relativistic harmonic oscillator model [11]. The
results show that even with a 1 ~ 2% admixture of strange quarks, the
direct knockout mechanisms are comparable with the diffractive VDM of
¢ meson electroproduction at large momentum transfers.

In this paper we show that the polarization observables are much
more sensitive to the intrinsic content of the strangeness in the proton.
As an example, we analyze two of them which can be measured experi-
mentally: double beam-target polarization asymmetries, when the target
is polarized normal to the scattering plane and beam-target asymmetry
when the target is polarized along the photon momentum.

We denote the four momenta of the photon, initial and final proton,
and the produced ¢ meson as g, p, p/, and p;, respectively. In the labo-
ratory frame, we write ¢ = (v,q), v = |q|, p = (E,, p)=(M, 0), where M
is the nucleon mass, p’ = (E,, p’), and py = (E;, pg). We also represent,
the four-momentum transfer squared to the proton as t = (p — p' )* and



the photon-proton c.m. energy as W? = (p + g)?. The photoproduction
cross section is related to the invariant amplitude squared by
doyi 1 M?
- T, 1
dt 47r(W2—M2)2I 7l (1)

VDM diffractive photoproduction

Diffractive VDM ¢ photoproduction mechanism assumes that the in-
coming photon mixes into the ¢ meson and then scatters diffractively
from the proton through the exchange of a Pomeron [9]. The corre-
sponding amplitude has the form

vDM _ VDM ~ % »
Ty =T 6m;.m.‘e/\¢ T €y (2)

where m; ; are the spin projections of the incoming and outgoing proton,
and ey, ), are the polarization vectors of the photon and ¢ meson, re-
spectively. For simplicity, we restrict our consideration to the circularly
polarized photon with helicity A, = £1. The amplitude Ty does not
depend on the spin variables and is related to the unpolarized diffractive
VDM photoproduction oy ™™ by Eq. (1). Using the usual exponential-
like form with the parameters of Refs. [2,9] we find
2 2

1y = WM Jim (Wb expl= 41t = tmus), Q
where £max 18 a possible maximum value of #. The exponential slope by
and the total photoproduction cross section o, (W) are determined from
experiment {12] as by=4.01 GeV? and o,(W) = 0.2 pb at E, =2 GeV.
In the VDM diffractive photoproduction, the polarizations of incoming
photon and target proton are transferred to the outgoing ¢ meson and
recoil proton, respectively.

Knockout photoproduction
The main assumption of the “knockout” photoproduction model is

the constituent quark wave function of hadrons with the momentum py,
written in the Fock space of the form [2]:



|¢; pa) = |[38]", pa)s
lp; pw) =

[{ Alwud + B (aoliwud @ (5571 + arlfuud)t @ (s34 ) }opr) ()
where B? is the strangeness admixture of the proton and (af, a}) are the
spin 0 and spin 1 fraction of ss, respectively. It is supposed that the
quarks in clusters are in a relative 1s-state with respect to the cluster
c.m.-coordinate and s5 is in a relative p-wave about the uud-cluster,
because of the parity. Symbol ® in Eq. (4) means the vector addition
of the orbital momentum L, (£ = 1) and the momenta of uud and s3
clusters in a proton. It is assumed that each quark cluster in Eq. {4)
is described by a color-singlet spin-flavor wave function. The spatial
structure of the hadron is specified by the effective confining quark-quark
interaction which in the following is approximated by the relativistic
harmonic oscillator potential {11].

Note that the relativistic harmonic oscillator model (RHOM) first
considered in Ref. [11] enables one to take into account the Lorentz-
contraction of the composite particle wave function. This essential rela-
{ivistic effect becomes important at large —¢* and provides an explana-
tion of the dipole-type ¢ dependence of the elastic nucleon form factor.
Due to this advantage, RHOM has been widely used for describing of the
hadron properties at large momentum transfers [11,13,14], despite some
theoretical difficulties which are inherent in the model [13].

For the hadron electromagnetic current, there are two ways of its con-
struction: the first is the adoption of the non-relativistic electromagnetic
current and the other is the development of some relativistic general-
ization [11,13,15]. For practical convenience, we use the non-relativistic
expression for the hadron electromagnetic current in this calculation re-
membering that the main relativistic effect is related to the Lorentz-
contraction of the hadron intrinsic wave functions. Its possible relativis-
tic modification of Refs. [11,13] does not change the spin structure of the
photoproduction amplitudes which determines the qualitative behavior
of the polarization observables. Some quantitative difference between
the two approaches associated with the relativistic normalization of the
hadron center of mass — motion wave functions is not so essential at the
initial photon energy v ~ 2 GeV and is within the accuracy of the model.

Considering interaction of the photon with the s3 quarks in a proton,
one can see that the amplitude does not vanish only when the initial
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proton state has the antisymmetric s§ component with spin j,; = 0
[2,10]. When the initial photon interacts with the u or d quark in the
proton, the s3 cluster is a spectator so that only the component with
7ss = 1 in the initial wave function contributes. The relevant knockout
amplitudes evaluated in the laboratory frame reads

T3 = =13 {)\, ( mf19|1m,)\/47rY19 ples, - éx (5)
Tt =3 5 (i) fman ) 550

X[Ayg $iN €8 m, + €OS €6, m, -1}, (6)

where cos?e = (1 + 2(5p’ 51n9~=/3;w) )=!. Note that sinz in (6) may
be neglected because ¢ is srnaller than 107! over the whole area of the
kinematic variables of our interest and decreases fast in the region of
t — i where the uud knockout dominates the total amplitude.

The amplitudes T;° and T are related to the corresponding single
unpolarized knockout cross section as in Eq. (1) and are of the forms

Ty = (T)WA Bao o Fua(Yos 428 Fuua(70,0) Ve (P), (7)
8rab,E)
wud __ ] 1/2 [kt
T =A M =) AT Ba YoM cose
X}Pﬁ('}’fﬁ).o) F““d(’}fp': Q:&Ld) Vuud(pff))? (8)

where o = %, w=M/M, ~3,and gy, = M/M, ~ 1.88. Here M, 4, are
the mean energies or “constituent” masses of the corresponding quarks.
When RHOM is used (see, for example, Ref. [11}} the spatial integrals

are given as

S§Y -1 ssqgéz
Fos(vs,qe) = (78) ™ exp(— ——6—),
dqufzfxdE
Fm(vpr,q:;;d) = () exp (=,

vg(Pp)
7P = Tin o)

w(p) =P exp { = (o7 = oM Vo7 +37) }, )

where
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and the subscript ¢ denotes ss or uud with (z,; = %, Tyud = %)

Firing parameters. The dimensional parameter r,,q is chosen so that
the proton (uud) magnetic form factors are reproduced up to @? =~ 10
GeV?, This gives ry,a = rp/c = 0.53 fm, or when the proton radius is
used r, = 0.83 fm, the scale factor ¢ is ¢ = 1.57. The parameter r,; 1s
chosen to be r;; = ra/c and ry = 0.45 fm, with the same scale factor
of the uud cluster. And w is determined so that the distribution Vs(p)
reduces to that of NRQM [2] as |p| — 0. We perform calculations with
different strangeness. probabilities: B*=0, 0.025, 1%, with assuming that
|aol=]a:| = 1/V2.

Displayed in Fig. 1 are unpolarized ¢ photoproduction cross sections
of all the possible processes with B*=1% and existing experimental data
(12]. The main contribution comes from the diffractive VDM photopro-
duction. Only at large || - near the kinematical limit, where the VDM
photoproduction cross section is exponentially small, the uud knockout
channcl becomes dominant. But eliminating this extreme region we find,
that the total unpolarized cross section is near VDM photoproduction
and is not sensitive to a small admixture of the strangeness in a pro-
ton. The situation, however, changes dramatically for the polarization
observables.

Transverse Polarization

Consider first the asymmetry of the double polarized cross section
when the target proton and the produced ¢ meson are quantized normal
to the scattering plane, i.e., transverse polarization. In the ¢-meson
helicity basis, the VDM, 53, uud knockout amplitudes are written as

T‘iDM il Tovém;.m‘d,\ A¢(9¢)

53 55 3 1
Ty =-1o \/;(szl‘ﬂ m:)[\/_ oAy dA ' (04),
(11)
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e, T, My
Xt g2, 40 (83). (12)
where
y ol o . o . x
= ——=exp(—ich)), e = ——=exp(—i08;), g, =, (13
2 7 p(-106,) Po, 7 p(—100,) s =50 (13)

and o = £1,0. To express the polarized amplitudes, we use the following
notation:

Ty (14)

where t, r, b, and v represent the polarization of the target, recoil, beam,
and vector meson, respectively. After some exercises, we find

Ti)t, = Tovd{,%(gqt) + 0 + T;udﬁdlei%dé%(%),
TH = TV, (0) + 0 +0,

T, =0 — Igte™%d},,(0:) + 0,

TH, =0 + T’Sfﬂfj"?fl’h,x,,(%) — T3 f(6,),

T, =0 - chfﬂf"fd{,A¢(9¢) + g™ f*(8,),

T =0 + TgPeedt, , (65) + 0,

Ty, = Todis,(0s) + 0 + 0, _

To5, = Tydhy 5, (05) + 0 — Ty iv2die e dy (84),

(15)

where dy 534 are defined as

=1+\/§ _L(% =2ﬁ—1 V2 -1

d ) dy = —, d , dy = . (16
1 '\/ﬁ 2 9 3 \/ﬁ 4 \/6‘ ( )
and the function f is
f(6s) = [y, (05) + dae™%d) , (8,)). (17)
Here we use the rotation matrix elements ¢}, . as in textbook [16].
m(Om(o)| 41 0 -1
T .
-;1 5(1;{—(:'05;) 715811;0 %(ll— .COSBH) (18)
1—75‘811']. ('iOS‘ . ESIH
-1 z(1 —cos 8) — 5 sind (1 + cos @)
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Also for d/?

rims We have

m'(L)m(—)| +1/2 —1/2

+1/2 cos% sin% (19)
—1/2 —Sin% cos 3

Beam—Vector-meson Asymmetry Tpy

The beam-vector-meson asymmetry 7gy is defined as

Tpy = m|TIi|2 _ |T$’i|2
TP+ TR

where
Tl = \TE P+ ISP + TP+ 1Tl (21)
Using the expressions for the amplitudes, we have
U ] rnas
(L5  = ST+ (132101 + cos00)°
1
+§(T5“‘d)2{1 + 2+ (3d? — 1) cos 204}
—TY T2 dy (1 + cos 84) cos b
1 ..
—§T§’Ta‘"d(l + cos 84 )}{ds cos(0y + 84) + ds cos(B — 4)}, (22)
and
1 8§
TP = S{(TS) + (T57)* K1 — cos Og)”

+%(T5"“‘)2{1 + & 4 (3 — 1) cos 204}

+TY TEAd (1 — cos 8,) cos B

ﬁ%Tng‘“d(l — cos 0){dz cos(Oy + 05) + ds cos(B, — 84)}. (23)

Beam—Target Asymmetry 7gr
The beam—target asymmetry g is defined as
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T TR
Tpr = = —— 24
o1 T T .
where
[TLP = | TE P +ITE P+ TP + T P+ HT5 P+ TEZ1P (25)
Again, we have

[P = (1) + (I5°)? + (T37) 2d] — T3 T2, cos® b, (26)
T2 = (To) + (T5°)" + (Tg)*(d} + d3)

—TTE (1 + sin 8, )dy cos(Bye + )

+{1 — sin 0 )da cos(f, — 8,)}. (27)

Target—-Vector-meson Asymmetry ’TT.V

The target-vector-meson asymmetry Fry is defined as
TR = T

= 28
T T (28)

Trv
where
ITEP = T8 + 1T P+ TP + T3P (29)
And we get
(TP = SHT? + (T30 + cos” 6,
+%(T5“‘d)2{1 +d 4 (3d2 - 1) cos 204}
Ty T dy (1 + cos 84) cos Oy
—%Tﬁi}}‘“d(l — 08 04){d2 cos(8, + 04) + da cos(fy — 85)}, (30)
and
(TP = S{TY + (T} + cos’ 6,
+%(Tg‘“d)2{1 + d? + (3d? — 1) cos 204}
+TY T2 dy (1 — cos ) cos Oy
—éngTg‘”d(l + cos 05){dy cos(8yy + 85) + ds cos(B, — B3)}. (31)
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Target—Recoil Asymmetry Trp

The target-recoil asymmetry Trp is defined as

T2 - [T |2
[T + ITJ:‘ *

Trr = (32)

where
(THE2 = [T+ (T3P + ITFEF + [T5EP + TR + T2 (33)
Therefore, we get

|THH? = 2(TY ) + AT d2 — 2T T+ d; cos® 0y, (34)

and

TP = oI 4 AT - )
~TETE(1 + sin,)dy cos(0y + 04)
+(1 — sin f,)ds cos{f, — 84)}. (35)

Inspection of the above expression shows that neither of the asym-
meries contain interference between the VDM photoproduction and ss
knockout which is proportional to Ty T3f. This means that the asymme-
tries are not sensitive to the contribution of the s3 knockout mechanism
or to the amplitude ap; Whereas they are sensitive to the uud- knockout
(or the amplitude a;), dominant at large |{| where, however, the cross
sections are exponentially small. As an example, Fig.2 shows the target-
recoil asymmetry. At small |t} it is proportional to 1-2(T§*/Tv)*. We
choose B? = 0,0.0025,0.01; @2 = ¢* = 0.5. At large |t] it depends on
the combination of (T““d) and Ty T34, where the term proportional to
(122412 is dominant because of sharply decreasing 73 with increasing [t].
So, at large |t} the result is not responsive to the phase of a; qualitatively.

Longitudinal Polarization
In this case, the photon and the produced ¢-meson are quantized

parallel to the scattering plane. We choose the z-axis to be parallel to
the photon momentum. In the helicity basis, the amplitudes read



TYPM = TY 4)/7 (8,) ). 5, (8s),
35 58 3,1 4
17 =14 \/;<me1‘7| A A, [\/_Pa] 1/2)\1(917)6[)\ A¢(8¢)
UL U 3 1 . . ¥
Tj =Ty d\/? my — '\wlafzcmc)(lcmc1m¢|§'\i)[\/§?’¢.a]

2°2
2
xd /2, (0)dh, 2, (0). (36)
where
~f ~f ]' .
o =cosll,, p, = qiﬁ sin 8,
, . L. ' :
Pp,o = COS H;pw Pet = :F—\?—i sin 9P¢' (37)

The polarized amplitudes are obtained as:

0 LE]
TH = {T) cos 2 — T cos 3y — i, (0s)
+d1 T(;J.ud COs fgi [2 COSs 94, I,A¢(9¢) + \/5 Sin H¢ dg),/\é(gtﬁ)] (38)
38
Tj}; = {TY cos f';_ + 14" cos —z—p} 'y, (0s)

+Tg sin % [dy sin 0y d] , (64)

+V2dy cosb,dy (0¢) +dy sinf,d-, , (64)] (39)
- LG 85 _*
T:A,,, = {Ty sin 2 — T; Sﬂ 3y }d1 ol f)

+734 d sin %J' [2cos 9¢ di,(0s) + V2 sin dfl’sf\¢(8d’)] (40)
TH. = {1y sin s sin 3222 } d_y 5,(04)

~T3 cos %" [ds sin 9¢> dh 3,(8) + V2da cos By d 5, (65)

sl (0] )
T = —{1y sm-”— + 157 s }dl 2104

+Teud cos —g— [dy sinfy 1,A¢(9¢ — V2d, cos by dp»,(8s)

+ds sinfyd’, (9¢)] (12)
T = —{fvsm—L Ty si }d—l A¢( »)
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LT g sin E’%’ [V2 sin 9¢ (1“ (84) — 2 cos B4 dl_l,,\é(gds)]
T;);_{Tg’cos%i+T55co }dlA¢( ¢)
+T2% sin fgi ldz sin 04 dl'h(a,ﬁ) —V2d, cos b, d3|A¢(3¢)
+dy sin 9¢ dl_l M(%)]
T, = (¥ cos 2 T5'c p —1dYy 2o(08)
—Ted dy cos J’— {\/5 sin 9¢ do 2 (0s) — 2cos by d‘_1'A¢(0¢)]

1

Beam-Vector-meson Asymmetry Lgy

The beam—vector-meson asymmetry Lpy is defined as
Lpv = __|Tfi|2 _ |T12|2
[T+ [T

" where
T3P = TP T P+ TP + 1T
Using the expressions for the amplitudes, we have

T = TR = 2{(TY)* + (T57)"} cos b

- (43)

+4(T(',‘"d)2d1 {dy cos 8 cos 20, + dysin By sin 20,4}

F2ATIY T dy (cos® By + cos 204)
—2(TEH (T3 cos O,dy {cos® By + cos 20,4)
+ sin f,(dy sin 0, cos 0y + dysin 204)},

ITE 1+ TR = ((T0)? + (T57) H(L + cos® 8y)
—{—Q(Tl;‘“d)z{df(l + cos? 20,) + di sin? 204}
F2>TYY(TE4Vdy cos B4(1 + cos 204)
—2TEY (T4 {cos 8,1dy cos B(1 + cos 264)
+sin 0, (dy sin 65 + dy cos 8, sin 26,)}.
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Beam—Target Asymmetry Lgr
The beam-target asymmetry Lpr is defined as
TP — 1T

TS T

(50)

where
T3 = |TH 1P+ DL P+ T8 P + |TEC P+ +HTE | + TP (51)
Again, we have ‘
TH2R — (T4 = —2(TE)2{1 - 2d2(1 + cos® 0,))
—4(TYYTEF) cos By + 4(TY )T dy cos 8,
— TN 2d; cos B, cos By — dy sin 8, sin 8,4},
(THE + 1TH = 2{(TE Y + (T 4 (T3} 4 ATY )T3)d, cos
—2(TEF)(T24){2d; cos O, cos Oy + dz sin By sin B}, (52)

Target—Vector-meson Asymmetry Lrv

The target—vector-meson asymmetry Lpv is defined as
T = TP

S i
where
TR = \THP + TP + 1T+ T (54)
And we get
T = TP = T’”‘d) dy{d; cos B, cos 205 — dysin 64 5in 28,)
—4(TYWTE) cos B, cos O
—{-Q(I'V)(T““d)(coa 04 + cos28,)
—2(TE) (T3 *){dy cos Be(cos® B4 + cos 20,)
— sin 8,(dy cos By sin 05 + dy sin 204) },
(55)

THP 4 TP = (T + (T8 (L + cos? 6,)
4 2(TE Y d2(cos? B, + cos® 28,) + d° sin® Oy + dj sin® 26,
+2(TyWTE ) dy cos B4(1 + cos 26,)
— 2T (TE*){dy cos By cos §4(1 + cos 204)
+sin O {dy sin Oy + ds cos G sin 204},
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Target-Recoil Asymmetry Lrg

The target-recoil asymmetry Lrp is defined as

T 1 — 1T P
ANTE]
[T + T3P

ETR = (57)

where

T = [TLEP + TSP+ 1T 4 T3P + +I TP + T2 (58)
Therefore, we get ‘ |

TEF? — |TH 1P = ~2(T2) cos B, {(1 — 2d%) — 2d% cos? 6}
+(Ty T3 2{2d; cos 8, cos 84 + dy sin 8, sin 6}
—Q(TSE)(TB‘“d){QdI cos 20, cos 8, — dz sin 28, sin 8,4}, (59)

[T+ I TE 1 = 2{(T9) 4+ (T5°) + (T5)°} + (T )(T5™* Yda cos b,
— AT (T Y {2d, cos 8, cos By — dz5in 6, sin By }. (60)

The beam-target and target-vector meson asymmeties are of the
most interest because at small |t} they are proportional to the inter-
ference Ty T5° and can bring information on the amplitude ag. Figs.3,4
show the result of calculation of the beam-target asymmetry at different
signs of a: ap = a; < 0 in Fig.d and ap = a7 > 0 in Fig.4. We choose
B? = 0,0.0025,0.01. The result for all the other posiible combinations
g, a1 can be reproduced strightforward by making use of the above ex-
pressions. Our calculation shows that at small |t| ~ [¢n.x| the asymmetry
may be as much as 30% when the proposed strangeness probability in
ihe proton is only 0.25%.

As a summary, we analyzed polarization observables based on the
RHOM that takes inlo account the Lorentz contraction effects of the com-
posite particle wave function. We find that even with a less than 1% ad-
mixture of strange quarks, the deviations of the asymmetries from those
of the pure diffractive VDM photoproduction are as much as 10 ~ 50%
depending on the value of ¢ when we take the knockout amplitudes into
account. The strong {-dependence of the asymmetries could be crucial
for testing experimentally the ss-—uud cluster model for the strangeness
content of the proton. Current experimental data [17] on the asymme-
tries are not sufficiently accurate to extract the knockout contribution
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FIG. 1. The t-dependence of the unpolarized photoproduction cross sec-
tion do/dt with W=2.1 GeV and @* = 0.02 GeV?. The solid line corresponds
to the diffractive cross section, the dashed line to the 55 knockout cross section,
and the dashed-dotted line to the uud knockout cross section. Experimental
data [12] are given by dark circles for comparison.
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FIG. 2. The t-dependence of the transverse asymmetry TTR with BZ=0
(solid line), 0.25% (dotted line}, and 1% (dash-dotted line).
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FIG. 3. The t-dependence of the longitudinal asymmetry Lpp with
ap = a1 < 0 and B?=0 (solid line), 0.25% (dotted line), and 1% (dash-dotted
line}.

Lar
1.00 ¢
0.50 [
0.00
050 b S
g 0.01
B - J I R Y 0.0 t (GeV?)

FIG. 4. The t-dependence of the longitudinal asymmetry Lgr. Notation
is the same as in Fig.3 but ag = a3 > 0.
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from the diffractive process. However, the similar effect should be seen
in ¢ - electroproduction and it may be checked in future experiments at

CEBAF.
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