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Abstract—In this paper we calculate double longitudinal-spin asymmetries in the direct photon production
at the NICA collider in the leading order of the collinear parton model. Predictions for potential measure-
ments of asymmetries are presented at different energies of the NICA collider.
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INTRODUCTION

The study of double longitudinal spin asymme-
tries (DLSASs) in the production of direct photons,
jets, and charged pions is required to study the con-
tribution of quark and gluon polarization to the total
proton spin:

%AE+AG+L‘I+Lg:%, (1)
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A=Y J-Aq(x)dx, AG = ! Ag(0)dx, ()

q=u,d,s ()

where L (L,) are the orbital moments of quarks (glu-
ons) and AX(AG) is spin. Extracting the gluon helical
distribution function Ag(x) is one of the tasks of the
physics program of the NICA collider [1], where it is
planned to study collisions of beams of longitudinally
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polarized protons p~ p . DLSAs have previously
been experimentally studied in the production of neu-
tral pions [2], charged pions [3], jets [4], dijets [5, 6],
heavy mesons [7], and J /w mesons [8]. Despite the
high statistical characteristics of these processes, their
description requires a simulation of hadronization
effects. From this point of view, the more preferable
channel is the production of direct photons, in which
DLSAs were measured by the PHENIX collaboration
at energies of 200 [9] and 510 GeV [10]. In the NICA
experiment, it is planned to carry out measurements in

- o(¢)

pp collisions at energies of 20 and 27 GeV.
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BASIC FORMALISM

The DLSA in collisions of longitudinally polarized
protons is determined by the formula

++ +-
A, = do' —do _ dAG’ 3)

do"" +do"™ do

where 6" (677) are the cross sections of proton colli-
sion processes with the same helicity and different

helicity; Ao and ¢ are the production cross sections
for polarized and unpolarized protons.

The introduction of the distribution functions of
polarized partons makes it possible to represent the
polarized cross sections in the form

dAG" = [ dxi £, DA fy (53, 1 )AAGT, (4)

a,b=qq.g

where Ac!, are the polarized photon production cross

sections at the parton level, A f,,(x, ’z,uz) are parton
distribution functions a(b) in polarized protons, and x,
and x, are the momentum fractions of protons colliding

at an energy in the COM frame of VS = \J2(PP) with

impulses P = g(l,o,o,l) and P = g(l,0,0,—l).

In the leading order (LO) approximation of the
collinear parton model (CPM) containing the terms
O(o,0.,,,), direct photons are produced in the strongly
dominant subprocess of Compton scattering
g + g — q + 7 and quark-antiquark annihilation with
the production of a photon and a gluon

q+q — g+, where for p, =2-6 GeVgq =u,d,s.
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Fig. 1. Double longitudinal spin asymmetries in the direct production of photons at VS =200 Gev (left) and JS =510 Gev
(right). The solid line is the polarized distribution functions of NNPDFpoll.1, the dotted line is the DSSV distribution function,
and the dots on the left (right) are the experimental data of the PHENIX collaboration [9, 10].

Squared amplitude of amplitude moduli of polar-
ized and unpolarized hard parton scattering processes
a+ b — v+ c look like this [11]:

2 16 2 28 + 17
‘ng%yq‘ = _?TC OOy §; 5 (5)
2 16 2 2§80 =17
A|M‘Ig%“{ll| = _?TC aemas‘eq AN 5 (6)
|M |2_@ > 200+ 1 )
Ul 9 T aemaseq ~n
2128 > 20 +1° g
A|Mq¢7%Yg| = —775 A, OLs€, s ( )

where § = (¢, + ¢,)°, 7 = (¢, — py)2, and 7 = (¢, — pY)2
are the Mandelstam variables; e, is the charge of the
quark.

By algebraic transformations, the formula (4) can
be reduced to a form convenient for calculations:

dAG = 3 [ax,dx, [0 A fi(10)

a,b=qq.g ©)
2
AM
x | ab—)yX| pyTzdeTde'
8n X, XS

In our work, we take the renormalization scale equal
to the factorization scale L = [l = Up.

The most up-to-date sets of polarized distribution
functions are presented in the works [12—15]; their
comparison and discussion of uncertainties are given
in the paper [16].

RESULTS

In Fig. 1 we present the results of our DLSA calcu-
lations in the production of direct photons within the
LO CPM in comparison with the experimental data of
the PHENIX collaboration [9, 10] at collision energies
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of longitudinally polarized protons VS =200 GeVand
JS =510 GeV, photon rapidities ly,| <0.35 and

|y,| < 0.25, on the left and right panels, respectively.
Theoretical calculations performed using polarized
distribution functions DSSV [13] and NNPDFpoll.1

[14], with the central choice of a hard scale L = p;, are
indicated by solid and dashed lines, respectively. Both
results lie within the limits of the experimental errors,
except for one point in the region of large transverse
momenta.

Dependence predictions A;, from x; = 2p; / VS at

the energy of the NICA collider of JS =20and S =
27 GeV and rapidities |y,| < 3 are shown in Fig. 2. The

shaded area illustrates the corridor of uncertainty,
which is associated with the choice of a hard scale

Dr /2 < W <2p,. The presented dependences show
that DLSAs are positive and increase monotonically
with increasing p, and a decrease in collision energy.

However, the study of the area of relatively high p; is
limited to the experimentally accessible area associ-
ated with small statistics.

In Fig. 3, similar predictions are presented depend-
ing on the speed of photon y at JS =20 GeV and

JS =27 GeV, respectively. The largest values of asym-
metries are predicted when choosing distribution
functions DSSV [13]. Our results are consistent with
the results of earlier predictions for close energies

JS =39 GeVin [17].

CONCLUSIONS

In this paper we calculated the double longitudinal
asymmetries in the production of direct photons in
p~ p~' collisions at the NICA collider at energies of

VS =20 GeVand VS =27 GeV, in the LA CPM, with
polarized distribution functions NNPDFpoll.l [14]
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Fig. 2. Same as in Fig. 1 for energies JS =20 Gev (left) and JS =27 Gev (right). The shaded area illustrates the uncertainty

pr/2<u<2pr.
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Fig. 3. Same as in Fig. 2, depending on the rapidity of the photon.

and DSSV [13]. The choice of the latter leads to pre-
dictions of the largest asymmetries, up to 18%, which
makes it possible to observe them experimentally. We
confirm the adequacy of the chosen model by a satis-
factory description of the existing experimental data of
the PHENIX collaboration [9, 10]. More accurate
predictions can be obtained by calculations taking into
account the contribution of higher corrections using
QCD perturbation theory.
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