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Spin effects in diffractive QQ production at BNL eRHIC
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We discuss quark-antiquark leptoproduction within a QCD two-gluon exchange model at>sriaié
double spin asymmetries for longitudinally polarized leptons and transversely polarized protons in diffractive
QQ production are analyzed at eRHIC energies. The predidiecasymmetry is large and can be used to
obtain information on the polarized generalized gluon distributions in the proton.
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I. INTRODUCTION be used to study the gluon GPD at smallSpin effects in

QQ production in lepton-proton reaction at smak<0.1,

Investigation of hadron photo and leptoproduction at highwhere the gluon contribution prevails, was studied, for ex-
energies and small Bjorkex is a problem of considerable ample, in[11]. The double spii; asymmetries IQ pro-
interest. In this region the predominant contribution is deteryyction for a longitudinally polarized lepton and a trans-
mined by Pomeron exchange. Intensive experimental studyersely polarized proton were analyzed within the two-gluon
of diffractive processes was performed in DE$¢e, €.9., exchange model. The predictég; asymmetry is not small
[1-4] and references thergiriThey give reach information and is sensitive to the spin-dependent part of the two-gluon
on the Pomeron structure and properties of spin-averageoupling with the proton.
gluon distributions in the proton. The spin structure of the In future one of the best places to study spin effects in
Pomeron was analyzed by different authse, e.g.[5-7] diffractive lepton-proton reactions will be the eRHIC accel-
and reference thereinSuch spin effects which do not vanish erator[18] with a polarized lepton beam which will collide
at high energies might be determined by the large distanceith the RHIC beam. The eRHIC kinematics, where the pho-
contributions in the hadron structure which lead to a compliton momentum is much smaller than the proton momentum,
cated spin-dependent form of the Pomeron-proton vertexs asymmetric. Such a kinematics is similar to the HERA
The gluon-loop corrections to the Pomeron coupling with theaccelerator and is suitable to study hard diffractive events.
hadron might produce other sources of the spin-flip part irThe polarized protons from RHIC can be used to study spin
this coupling[8]. Manifestation of spin-dependent Pomeron effects in diffractive hadron leptoproduction at smallin
can be investigated in the elaspp scattering at lowt [9],  this paper, we discuss a possibility to stusly asymmetry in

near diffraction minimun{10] and in polarized diffractive gitfractive QQ production in future experiments at eRHIC in
hadron leptoproductiofi 1]. order to receive information on the polarized gluon distribu-
Spin effects in diffractive processes at smahould be  tions (preliminary results can be found 29]). In the second
studied at accelerators with polarized beams. The Pomeragection, we analyze the kinematics of the final particle in this
in QCD is related with a two-gluon colorless exchan@®],  reaction. It is shown that the final proton moves practically in
and in polarized experiments the spin-dependent two-gluothe same direction as the initial one. Jets from the final
coupling with the proton can be analyzed. In diffractive had'quarks have large angles and should be analyzed by the eR-

ron photoproduction the momentum carried by the two-gluony|c detector. In the third section, the main theoretical equa-

system is usually not equal to zero. In this case, the two;. . . . — .
. 4 . . tions which determine the spin asymmetr roduction
gluon coupling with the proton might be expressed in terms P y YA p

4 T ! are presented. Predictions for spin asymmetries at eRHIC
F{sf]he generalized parton distributid®PD) in the nucleon energies are made in Sec. IV. The expected asymmetries are

The spin-dependent gluon distributions contain si nificanQOt small, about a few percent. This shows a possibility to
. P P g 9 tudyA,r asymmetry at the future eRHIC experiments where
information on the spin structure of the proton. The impor-

tant role in investigation of polarized gluon GPD should playthe information on the polarized gluon GPD can be obtained.

the diffractive QQ leptoproduction at smakk. Information _
on this process can be obtained from dijet events in lepton- Il. KINEMATICS OF DIFFRACTIVE ~ QQ
proton interaction. Theoretical analysis of these reactions LEPTOPRODUCTION AT eRHIC
was carried out if14-17. It was shown that the cross sec- | et ys study the diffractive quark initiated dijet produc-
tions of diffractive quark-antiquark production are expressedjon, in lepton-proton reactions
in terms of the same gluon distributions as in the case of
vector meson production. Thus the diffracti@&) leptopro- [+p—Il+p+H (1)
duction at smalk really might be an excellent tool that can
at high energies in a lepton-proton system. The hadronic
stateH contains two diffractively produced quarks which are
*Email address: goloskkv@thsundi.jinr.ru observed as two final jets.
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C FIG. 2. Final hadron kinematics i®Q production at eRHIC
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FIG. 1. Two-gluon contribution t@Q production. mainly transversek’~ —k? . The momenta of the observed

jets which are equal to the quark momenta have the follow-
The graphs witht-channel gluon exchange in diffractive ing form [11]:

QQ leptoproduction are shown in Fig. 1. This contribution
predominates at smatk<0.1 for light quark and essential for
heavy(charm quark production, because the charm compo-
nent in the proton is small. The reactioh) is described in
terms of the kinematic variables which are defined by

( It m2+(r, +k,)?
Pai~| YP+ D, b Xp )

) Mot (@ —K)? -
q’=(L-L")2=-Q? t=r3=(P—-P")? XT,(%— 1)
_Paq @ _q:(P=P) X
S L A R M k) Q2
~ —,X — —
2 PJ2 D Xp PP+ D,

whereL,L’ and P,P’ are the initial and final lepton and
proton momenta, respectivel®? is the photon virtualityr

is the momentum carried by the Pomerbiis a momentum P+y
transfer squared andis a Bjorken variable. In Eq2) y and

Xp represent the fractions of the longitudinal momenta of the We can write the same momenta at the eRHIC asymmet-
lepton and proton carried by the photon and Pomeron, re-

spectively. The energy of the lepton-proton system reads as’ system, Fig. 2. We use here the standard variables

= P . =(vg,v, ,v,) and do not consider in details of scattering in the
5= (L+P)". ;I'he effech;/e mass sza produced quark SyStem[ransverse plane, for simplicity. Only one transverse compo-
is equal toM§=(q+rp)“~Xxpys— Q< and can be large. The

. ) nent which is determined byl=\/uxz+vy2 is used in the
variable 5 is equal to vectors. In this approximation, we can write
B=XIxp~Q*(M{+Q?) 3)

and can vary from 0 to 1.

We use here the light-cone variables that are determined
asa.=ag*a,. In calculation, the center of mass system is
used, where the initial lepton and proton momenta are going
along thez axis. They have the form

B m§+(ﬁi—@)z -

(r +k) | (6)

L=(p|101p|)1
L'=(p{.pisiny’,p{cosy’),

MZ P:(\/m +p 10!_p)1
P+ 1_10
P+

L=

m? R
, P=(—,p+,0). (4)
P+
P’ =(\/m2+p?,pssing’, — pscosé’ ),
Here x andm are the lepton and proton mass. The momenta ( PP P )
of the photon and the Pomeron can be written as follows:

2 Py1=(ymg+J5,dssine’, Jycosa’),

Q? .
q=(yp+,—p—+,ql>, 9. |=VQR*(1-Y);
Pyo=(\Vmg+J5,d5s8in B’ ,J,c08B"). 7

t -
rP:(_%!XPp+ir )! |rl|:V|t|(1_XP)' (5)

One can estimate the momenta and the scattering angles in
The final quark momentp, , p, and the momentum of the the eRHIC system in terms of variable® by comparison of
off-mass-shell quark (see Fig. 1 are determined from the scalar productions of momenta in different systems. For the
mass-shell conditiongpi=mi,p5=mZ. The vectork is final lepton and hadron momenta and their angles we have
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f 1—y 4p,2(1—y)—Q2 TABLE |. Kinematics of the final hadron production. Light
p|~2pj———, cosy'~ — quark case.
1+cosy’ 4pf(1—-y)+Q?
s¥2 (GeV) 50 100
(1—x0) |t|+2m2xp ps (GeV) 95 237
-~ —X T A A ! o o
Pi~P P ap(1—xp) 0 179.6 179.8
+k case J (GeV) 1.5 3.0
! 17° 8.7°
t|+m2(1+x a
cosf’' ~—1+ HZ#. (8) J, (GeV) 4.7 12.4
4p“(1—-xp) B’ 163° 173°
. . . . —k case J (GeV) 3.3 3.9
For jet momenta and its angles the following solutions were a’ 95° 57°
found: J, (GeV) 2.9 115
! 163° 173°
I Gl P
Ill. POLARIZED DIFFRACTIVE QQ LEPTOPRODUCTION
22 (4 1l 2
cosa’ ~ (2yp)”™—mg—(q, —k,) , To study spin effects in diffractive hadron production, one
(2yp)?+mi+(a, —k,)? must know the structure of the two-gluon coupling with the
proton at smalix. The two-gluon coupling with the proton
m§+yQ2+(qi—ki)2 which describes transverse spin effects in the proton can be
J2~Xpp— 2y, parametrized in the forrfil1]
2 2 Vobo(P.t.Xe 1) =B(txp | ) (" PP+ ¥ p)
5 . mg+ (k. +r,) ©
cosf'~—1+ ————— i
2 IK(tle’ !lL)
2(pr) + T(paoﬁyr 7+ pﬁo'ayr 7)
In the eRHIC system the lepton momentum shouldope ... (12)

=5 GeV or pj=10 GeV. For the proton momentum two
possibilities are analyze¢p=100 GeV andp=250 GeV.
The energy in the lepton-proton systensis4p,p+m? and
for our choice the minimum and maximum energy for
eRHIC will be \'s~50 GeV andys~100 GeV. To estimate
the kinematics of the final particles at eRHIC, we use som

typical values sz the Va“ab'is determined in _E’ﬁ)- XP the transverse spin-flip at the vertex. These distribution func-
=0.05,y=03,Q?=5 GeV’, ki =2 Ge* andr is small. 4o spouid be connected with(x),K /(x) which describe
In 'Fh's case, the final lepton momentum and angle can b?ne spin-average and transverse spin distributions, respec-
estimated fop, =5 GeV as tively. If one considers the longitudinal spin effects, the
" , R asymmetric structure y,ys should be included in Eq12).

pi~3.75 Gev, y'~30°. (10 There are some mopde[see e.g[5,6,9 and references
therein that provide spin-flip effects which do not vanish at
high energies. The mode[$,6] describe the experimental
data on single spin transverse asymméitgy{ 20] quite well.
The spin asymmetries ipp scattering at RHIC energies

The kinematics of the final hadron production for energies(pp2pp experimentwere predicted to be not smafl1]. The

. ) conclusion was made that the weak energy dependence of
V550 GeV and/s~100 Ge\( is shown in Table I.‘ The sepin asymmetries in exclusive reactions is not now in con-
results are presented for the light quarks. We consider her

two cases when the vectkr is parallel (+k) or antiparallel tra.dfi]ctirc])n with exp;r(ijmen[g,Zl]. Thlés’b theb ratio(|)K1|/ Bl
(—k) to the transverse component of the photon moment'gnt have a weak dependence and be about 0.1, as was
tumaq, . found in[5,6]. This value will be used here in estimations of

We can see from the table that the final proton is goinghe asymmetry in diffractiv&Q production. _ _
inside the cone with angl@{):(w— 9')<0.4°. It moves The spin-average and spin dependent cross sections with

practically in the same direction as the initial proton and it islongitudinal polarization of a lepton and a transverse proton
possibly difficult to detect it. It is shown in the table that the Polarization are determined by

final quarks have large angles>6',8'> 6'. Thus the final 1

proton and jet angles are very different and final jets should _ -

be detected by the eRHIC. do(*) Z(da(_)U)ida(Hﬂ))' (13

Herem is the proton mass. In the matrix structufe?) we
wrote only the terms with the maximal powers of a large
proton momentunp which are symmetric in the gluon indi-
cesa,B. The structure proportional #B(t, . . . ) determines
She spin-nonflip contribution. The termK(t, .. .) leads to

For p,=10 GeV we find

pi~7.13 GeV, y'~15°. (11)
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To calculate the cross sections, we integrate the amplitudes 1V. PREDICTIONS FOR QQ LEPTOPRODUCTION
squared over th@ Q phase space. The cross section of dif-

fractive processes are expressed in terms of the soft gluo(g\‘j
coupling(12), which is convoluted with the hard hadron pro-
duction amplitude. The spin-average and spin-depende

The spin-average cross section of the vector meson pro-
ction at small momentum transfer is approximately pro-

fortional to the|B|? function (15) which is connected with

cross section can be written in the form the generalized gluo.n distributiorF9. We use here the
simple parameterization of the GPD as a product of the
dSo(+) ((272y+y2)) C(xp,Q2)N(=) t-dependent form factor and the ordinary gluon distribution
2oy a2 L (2=y) : ~ — —
dQ?dydx,dtdk? ’ ¢1—4<ki+m§>/Mi(14) B(t.xp,Q%) =Fa()[X:G(xp,Q?)]. (18)

o\ o . o A more general form of GPDsee e.9[19,27)) can be ana-
Here C(xp,Q%) is a normalization function which is com- ;64 However, some enhancement factor which appears in
mon for th_e spin average and spin depende_nt cross SeCt'Of{!is case will be mainly canceled in the asymmetry. The form
andN(=*) is determined by a sum of graphs integrated ovefacior (1) in Eq. (18) is chosen as an electromagnetic form
the gluon momenta. . . ) factor of the proton. Such a simple choice can be justified by

The N(+) function, which determines the spin-averagehe fact that the Pomeron-proton vertex might be similar to
cross section, can be written as the photon-proton couplinfp3]

N(+)=([B?+[t/m’[KIH IOtk .Q%). (19 S (4m2+2.8t])
The functionII*) has a complicated form and was calcu- P (4mZ+[t))(1+]t]/0.7 GeV’)?
lated numerically. The details of calculations can be found in (19
[11]. . .
The cross sectiofil4),(15) is expressed in terms of the The energy dependence of the cross sections at smsll

functionsB and K integrated over the gluon momentum determined by the Pomeron contribution to the gluon distri-
bution function

, -
5 f@qg d? (1T +1,r))

s B(t,12 ,Xp, ...) const
0 (IZ4AD[(T,+1,)%+)\2] F

[XpG(Xp, Q) ]~ —-—1- (20)
xF,p

:ng(XP |tik(2))!
Here a(t) is a Pomeron trajectory which has the form

R~f|f<kg dzlL(|§+ler) K(LI2 Xp, .. ) ap(t)=1+e+a't (21
o (IZENAL( 41 )%+ A7 . :

with €=0.17 anda’=0. These values are in accordance

=IC2P(XP ,t,kg), (16) with the fit of the diffractived/¥ production by ZEUS1].

For Q3=Q?~4 Ge\? the ordinary gluon distribution can be
where kj~ (ki +mg)/(1—p) [15,16]. The connection with approximated at smai by [24]
the gluon GPO 11] is achieved in Eq9.16). This shows that
the functionsB(t,l, ...) andK(t,I, ...) are thenoninte- [xpG(Xp,Q3)]~1.94x Y7, (22)
grated gluon distributions.

The spin-dependent cross section is determined by the TheA; asymmetry of hadron production is determined as
interference between spin-average and spin-dependence dis-ratio of spin-dependent and spin-average cross sections
tributions. It was found if11] that theN(—) function in Eq.  (14),(15),(17)

(14) contains two terms which are proportional to the scalar

productionQS, and tok, S, whereS, is transverse polar- )
M At . (23
ization of the proton a(+)
T (9S)) It can be seen that at small momentum transfer the asymme-
N(—)= —2(BK* +B*K) —LHS)(t,k2 ,Q?) try is approximately proportional to the ratio of polarized and
m m spin-average gluon distribution functions
(ELéL) — ~ g
+ {(t,k2,Q9) |. 1 s K Lp(Xp)
m o (LKQY 0 A?rQ~CQQ|~—|=CQQ;P—. (24)
B| FS (%p)

The contributions of these terms to the asymmetry can be

analyzed independently. Really, if one does not consider thg, estimations of asymmetry we shall use the same ratio of
azimuthal jets kinematics and integrate over, only the  spin-dependent and spin-average gluon structures, as in the
term proportional tdQS, will contribute to the asymmetry. case of elastic scattering
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FIG. 3. TheAf; asymmetry in diffractive lighQQ production k2 (GeV)®
t

at s=50 GeV forxp=0.05y=0.3|t|=0.3 Ge\?.

FIG. 4. TheA}‘T asymmetry in diffractive heana production

at \/s=50 GeV forxp=0.05y=0.3/t|=0.3 Ge\~.
| 01 (25) Vs P y It]

=

=

Note that in most experiments it is difficult to detect the

for simplicity. This means that in this case the coefficientfinal hadron(see Sec. Mland correspondingly to determine
cQin Eq. (24) is equal to 106\?6 the hadron momentum transfer. In this case, it is useful to
. T

i IR K have predictions for the asymmetry integrated over momen-
The term proportional tk, S, in the asymmetry &)

) ; tum transfer
will be analyzed for the case when the transverse jet momen-

tum IZL is parallel to the target polarizaticél . The asym-

metry is maximal in this case. To observe this contribution to ftmaxa(—)dt
asymmetry, it is necessary to distinguish experimentally the — tmin
. ; X . Q_
guark and antiquark jets. This can be realized presumably by A= tmax (26)
analyses of charge of the leading particles in the jet which f o(+)dt
t

min

should be connected with the charge of quark produced in
the process. If one does not separate eventsl?zyit\vvhich is
parallel toS, for the quark jet, e.g., the resulting asymmetry We integrate cross sections fror,,~0 up to tyax
will be zero because the transverse momentum of the quark4 Ge\. The predicted integrated asymmetry for light
and antiquark are equal and opposite in sign. quarks is shown in Fig. 7. It is not small, about 1-2 % for

The predicted asymmetit9] for light quark production k?=2-3 Ge\?. As the nonintegrated asymmetry, the inte-
at energy\/s=50 GeV is shown in Fig. 3. The asymmetry grated one changes the sign nkar-3.5 Ge\~.

for heavycc production is approximately of the same order
of magnitude(Fig. 4). The model used for the ratio of gluon [T ' ' T T
distribution (25) leads to the weak energy dependence of
asymmetry. As a result, the asymmetry fgs=100 GeV
should be practically the same. The predicted asymmetries
are not small, about 5-10%. This shows a possibility of
studying the polarized gluon distributidfig(x) in a future
eRHIC experiment.

The contribution toéﬁ asymmetry which is proportional .

to QS, is analyzed for the case when the transverse jet mo-< [ — . )
S . . a2 . 2F el Tl ~<.Q°=5(GeV)
mentumQ, is parallel to the target polarizatid® (a maxi- ! e Tl
mal contribution to the asymmelryThe predictedhy asym- : T ey
metry in diffractive lightQQ production atys=50 GeV is :
shown in Fig. 5. The corresponding results for heavy quarks S T T T T
is presented in Fig. 6. Th&$ asymmetry has a visible mass 1 2 3 1 5 6
dependence. For light quark production, asymmetry is not k?(GeV)
small. For Q>~1 Ge\? it changes the sign atk? '
~3.5 GeV?. For heavy quark production the predicted FIG. 5. TheAQ asymmetry in diffractive lighQQ production
asymmetry is negative and not small, too. at s=50 GeV forxp=0.05,y=0.3/t|=0.3 Ge\~.

AR T T Q’=1(GeV)’

symmetry (%)

Q=1 5(GeV)?
| I R T
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2
S F [
..I....I....I....I....I.... .-n-nIn-n-ln-..l....l....l....
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2 2
k’ (GeV)* k’ (GeV)
FIG. 6. TheA,(% asymmetry in diffractive heana production FIG. 7. TheA% asymmetry in diffractive IighQa production
at s=50 GeV forxp=0.05. at s=50 GeV forxp=0.05y=0.3,Q°=5 Ge\?, integrated over

momentum transfer.

V. CONCLUSIONS . . . . .
find nonzero asymmetry in this case, it is necessary to dis-

The diffractive QQ leptoproduction at smal which is  tinguish quark and antiquark jets and to have a possibility to
predominant by the gluon exchange was analyzed at eRHI@nalyze the azimuthal event structure over the transverse jet
energies within the two-gluon spin-dependent exchang&omentum. The expectedr asymmetry for the term
model. The spin asymmetry is found to be proportional to thexééL is not small, too. The predicted coeﬁ‘icieﬁ@Q in

ratio of polarized gluon GPD this case is about 0.1-0.2. This asymmetry is expected to be
quite different for light and heavy quark production. The
K3, (Xp) asymmetry found in the model is about 2-4% fif
Ar~C (27)  ~2 Ge\® andQ?~1 Ge\? and has a different sign for light

o
]:XP(XP) and heavy quark production.

. . ) Thus, our estimations show that the corresponding coeffi-
The information abou’® can be obtained from asymme- ;jentc in different terms of the,; asymmetry might not be
try if the coefficientC in Eq. (27) is not small. TheAr  gma)i. |t should be possible to study; asymmetry in a
asymmetry of diffractiveQ Q production contains two terms  future eRHIC experiment for a transversely polarized proton
which are proportional té, §l and to(§§l , Eq.(17). These where the important information on the polarized gluon GPD
terms in the asymmetry have different kinematic propertiesan be obtained.

and can be studied independently. The tewﬂﬁLéL has a

large coefficientCR® that is predicted to be about 0.3-0.5.
Our results for asymmetry of light and heavy quark produc- The author expresses his gratitude to A. Deshpande for
tion in this case is quite similar. We can conclude that thisstimulated discussion and remarks. | would like to thank A.
term in the asymmetry might be an excellent tool to studyEfremov, P. Kroll, O. Nachtmann, and O. Teryaev for fruitful
transverse effects in the proton-gluon coupling. However, theliscussions. This work was supported in part by the Russian
experimental study of this asymmetry is not so simple. ToFoundation for Basic Research, Grant 03-02-16816.
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