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The study of backgrounds in direct photon production
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B pmammOit paboTe MBI HCCIEAYEM COOTHOIIEHWE CHUTHAJBHBIX M OCHOBHBIX
(boHOBBIX COOBITHI JIsi COBMECTHOrO ¢ .J/1) Me30HAMHM U INPSIMOIO DOXKJCHUS
doronos npu 3ueprusix kosutaiigepa NICA ¢ momombio Morre-Kapiio reneparopa
PYTHIA8. Mbl ussiiekaeM psji KUHEMATUYECKUX OIPAHUYEHUI, II03BOJIAIOIIMX
YUY 4T OTHOIEHUsT curHast/dbon. Mbl cpaBHHBaeM pe3ysIbTAThl MOJICTNPOBAHIS

CIIEKTPOB IIPAMBIX (bOTOHOB n 7T0 ME30HOB B Pa3JIMYHbBIX MHTEpBaJlaX pr U T C
IKCIIEpUMEHTaJbHBIMU JaHHBIMU, U IIPEACTaBJIAACM IIpEICKAa3aHNsA IJIgd OTHOIIICHU A

curnas/bon K poxaeHuio npsMbix (ororos npu sueprun NICA /s = 27 T'sB.

In this paper we study the signal-to-background ratios for the .J/-meson asso-
ciated and direct photon main production processes at the energies of SPD NICA
experiment using the Monte Carlo generator PYTHIAS. We extract the set of kine-
matic constraints allowing to improve signal-to-background ratios. We compare the
results of our simulation for the direct photon spectra in different intervals of ppr u
xr with the experimental data and present the predictions for signal-to-background

ratios in direct photon production at the NICA energy of /s = 27 GeV.

PACS: 44.25.+f; 44.90.+c

Introduction

The direct photon production in proton-proton collisions, both inclusive
and heavy-quarkonium-associated, is an important source of information on
gluon distributions inside the proton, including spin gluon content [1-4]. Its
study is the important task of the physical program at Spin Physics Detector
(SPD) [5] at NICA Collider [6]. We consider direct photons as photons
produced in the processes of hard scattering of partons from initial protons.
At first we simulate associated production of J/1-mesons and photons using
PYTHIAS |7] Monte Carlo (MC) event generator for a signal and background
events, accounting the real experimental restrictions [5].

I'E-mail: nikitaocpennikov@yandex.ru
2E-mail: shipilova.av@ssau.ru
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Photon associated .J/i-meson production

The signal process we consider is g + g — J/¢(35§1)) + v where the
J/1 meson is identified by its decay channel J/¢ — p~put. We treat the
dimuon pair with close to the J/¢) meson invariant mass as a J/¢ can-
didate. We adopt the probability of 80% to register muon, and a pion
misidentification of 1%. The probability density to obtain the experimen-
tal value of muon momentum p while its true value to be pg is expressed
as w(p,po) = a e~ PP/ wwhere a = /27 - 0.015 - py. We consider the
2 sources of background events: the decays of other charmonium states
produced in the hard QCD processes to J/v or J/¢ + v, and minimum-
bias (MB) events. Using heat maps for the distributions of J/1¢ candidates
from signal and background events against different kinematic variables of
p*E, see Fig. 1, we obtain the kinematic cuts which effectively increase the
signal-to-background ratio: pr, +pr_ > 1.25 GeV, p; +p_ > 2.9 GeV,
lcos(01)]? + |cos(0-)]? <= 1.81, |y.| < 1.1,|y_| < 1.1.
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Fig. 1. J/4¢ candidates distribution by pr (left top), p (right top), cos(d) (left
bottom), rapidity y (right bottom). z (y) axis corresponds to u+(=). For each pair
of distributions signal events are shown at the left, MB events at the right panel.

Applying the cuts we obtain the increase of 37.21 and 42.66 times signal-
to-background ratio for NICA energies of 20 and 27 GeV, that is illustrated
in the Fig. 2. The next cuts should be imposed on the associated photon, the
obvious one is pr = 2 GeV, together with isolation cone condition, neverthe-
less it would be not enough to clearly separate a signal process. So we should
take a deeper look to the direct photon production and its backgrounds.

Direct photon production

The direct photon production at the energies of 19-60 GeV is dominated
by Compton scattering process g + ¢ — v + ¢. Another main process is
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Fig. 2. The invariant mass distributions of J/¢-mesons candidates: initial (top)
and after cuts (bottom) at /s = 20 GeV (left) and /s = 27 GeV (right).

quark-antiquark annihilation ¢ + § — v + ¢, where ¢ = u, d, s. At first, we
performed PYTHIAS |7] simulation for the experiments at the close to NICA
energies of \/s = 27 GeV and /s = 20 GeV to define a PYTHIAS configura-
tion set providing the most convenient description of experimental data. We
found one switching off the non-perturbative processes such as primordial
parton transverse momenta and effects of initial and final state radiation
and switching on the two main hard processes of prompt photon produc-
tion. The data to MC ratios for experimental data [8] at /s = 19.4 GeV
and /s = 22.96 GeV in different intervals of zr = 2pr/+/s and zp are pre-
sented in the Fig. 3. The background to direct photons at NICA comes from
7 and 7 decays, fragmentation photons, misidentified neutral clusters and
other sources [1,2]. The main ones are the first two, where 7° — v domi-
nates. Hence at first we simulated the 7° spectra using the same PYTHIAS
configuration set, see Fig. 4, left. The data/MC ratio vary from 0.5 to 4 de-
pending on z region for the 7° transverse momentum from 4 to 6 GeV. We
overestimate twice the /70 ratio parametrisation for /s = 22.96 GeV [9]
in the Fig. 4, right. Finally, we simulated the direct photon (signal) and 7°
decay photon (background) spectra for the NICA energy of /s = 27 GeV.
Their ratios over photon pr and x g are presented in the Fig. 5, left and right,
respectively. At pr &~ 4.5 GeV we can expect the excess of the signal events
over background ones. However, this is a region of a large experimental un-
certainties due to the small statistics, and the rise of 1 mesons decays role.
Therefore, the further selection criteria are needed.

Results

We found a number of kinematic cuts for the selection of J/1-meson
candidates in a photon-associated J/i-meson production in pp interactions
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Fig. 3. Ratios (data [8]/MC) as a function of photon zr (left) and zp (right).
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Fig. 4. Ratio (data [9]/MC) as a function of 7° pr (left) and /7", the parametri-
sation of data from [9] (right).

at SPD NICA. We used a put i~ decay mode of J /1 meson taking into account
the sensitivity of a real detector. The proposed cuts allow to increase the
ratio of the number of signal events to background ones in the signal peak
region by 42.66 times at the /s = 27 GeV and 37.21 times at /s = 20 GeV.
For the further study of kinematic cuts on the associated photon we studied
signal and background direct photon production at the similar energies. We
fixed the PYTHIAS configuration which leads to a good description of a
set of direct photon experimental data at the energies close to NICA ones.
We simulated the 7° spectra being in agreement with existing experimental
data, but the higher statistics is needed for the larger pr values. The obtained
photon-to-7¥ ratio is consistent with previous measurements. We present the
predictions for the signal-to-background ratio in direct photon production at
NICA energies of 27 GeV in a number of pr and xp regions. The study of
kinematic cuts on the 7° decay photons and the following cuts on the J/1
associated photons would be a subject of our further study.
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