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1. INTRODUCTION

Transverse Single Spin Asymmetry (SSA) arises in the soagtef a transversely polarized
proton off an unpolarised hadron or nucleon if the scattecioss section depends on the direction
of polarization. The Single Spin Asymmetry for inclusivepessA’ + B — C+ X is defined as

do! — do?

An = do’ + dot (1)
wheredo ™ denotes the cross section for scattering of a transverssgriped hadron A off
an unpolarized hadron B, with A upwards (downwards) trarsahg polarized w.r.t. the produc-
tion plane. SSA’s significantly different from zero have hedserved over last 35 years starting
with pion production in scattering of polarized protons offpolarised proton target [1]. Large
SSAs have been measured in pion production at Fermilabg2jell as at BNL-RHIC inpp’
collisions [3]. SSA's have also been observed by the HERMB&1fid COMPASS [5] collabora-
tions, in polarized semi-inclusive deep inelastic scattp(SIDIS). The magnitude of the observed
asymmetries has been found to be larger than what is prddigt@erturbative quantum chromo-
dynamics (pQCD) [6].

Theoretically there are two major approaches to explaingB&'s. One is the twist three
approach and other is the transverse momentum dependem)(@approach which we have used
in the present work. The TMD approach is based on a pQCD faat@mn scheme in which spin
and intrinsic transverse momentum effects are includeaiitop distribution functions (pdf's) and
fragmentation functions (ff’s). One of the difficulties irttjng information about the spin and
transverse momentum dependent pdf's and ff's is that veigndfvo or more of these functions
contribute to the same physical observable making it difftoestimate each single one separately.

The study of spin asymmetries requires extension of TMDofézdtion scheme to polarized
case. Siversin early 90’s proposed that there exists alatare between the azimuthal distribution
of an unpolarized parton and spin of its parent hadron [7mNer density of partons inside proton
with transverse polarization S, three momenfuand intrinsic transverse momentum of partons
is expressed in terms of Sivers functiah fa/por (% KL)

1 .
farp (XKL, S) = fap(x.ky)+ 5AN fap (X KL) S (Px k) 1.2)
S-(p x I@) gives the correlation between the spin of the proton anahsitrtransverse momentum
of the unpolarised quarks and gluons. There have been stodighe quark Sivers function in
SIDIS and the gluon Sivers function in the procgs® — DX [8, 9]. In this work, we propose
charmonium electroduction as another probe of the gluoarSiunction.

2. FORMALISM FOR ASYMMETRY IN J/¢ PRODUCTION

We have estimated SSA in photoproduction of charmoniumerptiocese+ p! — e+J/¢ +
X. At leading order (LO), there is contribution only from a puficessy/g — cc. In addition, since
we are using color evaporation model (CEM) for charmoniuodpction, only one pdf is involved.
Thus the process under consideration can be used as a ctgan girthe gluon Sivers function.
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Also since the charmonium production mechanism can havédations for this SSA, its study
can help throw some light on the production mechanism ofrabaium as well.

Charmonium production process can be understood in termwgoafiistinct steps- production
of a cc pair (a short distance process) and a subsequent bindifgsgbdir in to charmonium (a
long distance process). Various methods to describe timspedurbative evolution of thec pair
into charmonium lead to different models of charmonium piaiin. As a first step in our inves-
tigations of SSA in charmonium production, we have used thlet@Evaporation model (CEM) of
charmonium production. According to CEM, the cross sediiwrcharmonium production is pro-
portional to the rate of production of pair integrated over the mass range.20 2mp [10, 11, 12]

S dm 2.1
o 9 Jom, mde (2.1)
wherem is the charm quark mass anohz is theDD threshold.
The cross section for the low virtuality electroductionhiit CEM is
4mg dgve—cc
J/P+X 2
gePerI/ WX _ A o v / ay ye(y) farp(X) gz 2.2)

where f, ¢(y) is the distribution function of the photon in the electronieth in the Weizsaker
William approximation [13], is given by

tyelB) = S0 il (nE-3) +2[in(2-2)+1]

(2-y)?, (2-2
+ % In(z_y>}. (2.3)

To calculate SSA in scattering of electrons off a polarizeatqgn target, we assume general-
ization of this CEM expression for low virtuality electraaiuction ofJ/( by taking into account
the transverse momentum dependence of the WeizsackeaMall(WW) function and the gluon
distribution function:

A2
geHP eI A ng AMZ-dlx, g [d2K 2K | g] Ty (%,K 1)
dama@

- 2.4
aMZ (2.4)

x fy/e(xy,K1y)
We assuméx; dependence of pdf's and WW function to be factorized in Gansorm [8]

1 2 2
fxk ) = f(X) =g/ k) 2.5
(X’ J~) (X) n.<k2 > ( )
with (k) = 0.25 GeV2.
The expression for the numerator of the asymmetry is
d4o’ d*ot 1 4
dyd’qr  dyd2qr 2 Jang

dm?2 / oy g 02K 1 02K o] AN o (%, K 1)

x fye(XysK 1y) 8*(pg + Py — 0) 628 (M?) (2.6)
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whereq = p¢ + pg, AN fo ot (Xg; K 1 g) is the gluon Sivers function ar? is invariant mass of thec’
pair.
The partonic cross section is [14]

60 (M) = s ey T ey vioy @)

wherey = 4mZ/M2.
Sivers asymmetry integrated over the azimuthal angl&/gf with a weight factor sifg, —
@s) is defined as

ey, [ffnn%% [dM?] [[d?k ; g]AN g1 (Xg, K 1) fye(Xy, G — K 1g) Bolsin( @y, — @s)

An =3 - (2.8)
2 [dgy, [f4mg [dM2] [[d2k ] fg/P(Xg> Kig) fV/e(XYa gt —K.g)0o]
whereq,, andgs are azimuthal angles df/ ( and proton spin respectively angl, = %seiy.
3. MODELSFOR SIVERSFUNCTION
We have used the following parameterization for the glusmISifunction [8]
N e K /()
A fg/pT(X, kL) :2%(X) h(kL) fg/p(X)TKTi> COS(H(L. (31)

There is no information available about the gluon Siversfiom from experimental data. The
valance and sea quark Sivers distribution functions usetharones extracted from the HERMES
and COMPASS experimental data in SIDIS processes [15].

Thex dependent normalization for u and d quarks is given by,

B b, (& _|_bf)(af+bf)
109 =N (- B

whereas,bs,Ns andM; are best fit parameters obtained by fitting SIDIS, HERMES a@iME
PASS data [8].
For ._#4(x), we have used two choices [16]

(3.2)

(@) (%) = (Au(X) +-A4(x)) /2.
(b) Ag(x) = Aa(x).

Forh(k, ), we have used following two choices proposed by Anselmiab[8t 9]:

Model |
¢ kl _k 2/M2
h(k,) = \/Z—eM—e LMy (3.3)
1
Model Il
) h(k,) = ﬂ (3.4)
| ) — klz—i-M(Z), .

whereMg = 4/ (k? ) andM; are best fit parameters.
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Figure1: (Color online) The single spin asymmequm(%f%) for thee+ p' — e+J/Y+ X as a function

of y (left panel) andyy (right panel). The plots are for model | with parameterizat{a) compared for
JLab (/s= 4.7 GeV) [solid red line], HERMES(s = 7.2 GeV) [dashed green line], COMPASS/$ =
17.33 GeV) [dotted blue line], eRHIC-1,(s = 316 GeV) [long dashed pink line] and eRHIC-2/¢ =
1581 GeV) [dot-dashed black line].

4. NUMERICAL ESTIMATES

We have used the following best fit parameters from the ree®&fRMES and COMPASS
data [17]

N, = 0.40, a, = 0.35, b, = 2.6,
Ng = —0.97, aq = 0.44, by = 0.90,
M2 = 0.19 GeV2. (4.1)

In figure 1 we have shown the comparison of y apdistribution of estimated SSA at JLab,
HERMES, COMPASS and eRHIC for model | and parameterizat&rof the gluon Sivers func-
tion. The estimates are obtained using GRV98LO for gluotridigion function and Weizsaker-
Williams function for photon distribution. The results forodel Il and parametrization (b) are
given in reference[18]. The hard scale involved in the datoon for all experiments is between
4m¢ and 473 as we are using color evaporation model. Hence the scalat@mbf TMD's is not
expected to affect much our estimates for the experimeritighér energies.

According to our estimates sizable asymmetry is expecte@r@us experiments covering
different kinematical regions. Hence it is worthwhile t@koat SSA's in charmonium production
both from the point of view of comparing different models dfacmonium production as well as
comparing the different models of gluon Sivers function.
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