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Abstract

The Spin Physics Detector at the future NICA collider at JINR (Dubna, Russia) aims to investigate
the nucleon spin structure in collisions of longitudinally and transversely polarized protons and deuterons
at
√
s up to 27 GeV and luminosity up to 1032 cm−2 s−1. The main purpose of the experiment is the

test of basics of the QCD via the study of polarized gluon structure of proton and deuteron and spin-
related phenomena in the collision of longitudinally and transversely polarized protons and deuterons
at the center-of-mass energy up to 27 GeV (pp-collisions) and luminosity up to 1032 cm−2 s−1. Other
polarized and unpolarized physics is possible especially at the first stage of NICA operation with reduced
luminosity and collision energy of proton and ion beams.

1 Introduction
Gluons, together with quarks, are the fundamental constituents of the nucleon playing a key role in
generation of its mass and carry about half of its momentum. The spin of the nucleon is also built up
from the intrinsic spin of the valence and sea quarks (spin-1/2), gluons (spin-1) and their orbital angular
momenta. In spite of a progress has been made last decades, the gluon sector is much less developed than
the quark one due to the difficulty to cleanly probe gluons in high-energy processes.

Three-dimensional partonic structure of the nucleon is a matter of a careful study in the last years.
One of the ways to go beyond the usual collinear approximation is to describe nucleon content in the
momentum space by the so-called Transverse-Momentum-Dependent parton distribution functions (TMD
PDFs). While some experimental results exist for such LO TMD PDFs of quarks, only a few tentative
attempts to measure TMD PDFs for gluon have been performed.

The simplest model of the deuteron, a weakly-bound state of a proton and a neutron, is not really
helpful in the description of the deuteron structure at large Q2. Possible non-nucleonic degrees of freedom
in deuteron could play an important role in understanding of the nuclear modification of PDFs (the EMC
effect). Since the gluon transversity function of nucleons as for the spin-1/2 particles is equal to zero
they can not contribute directly to the gluon transversity of the deuteron. So the non-zero transversity
could be an indication of a non-nucleonic component or some other exotic hadronic mechanisms within
the deuteron.

2 The Spin Physics Detector project
The Spin Physics Detector (SPD) project [1–4] at the NICA collider that is under construction at JINR
(Dubna, Russia) aims to investigate the nucleon spin structure and polarization phenomena in polarized
p-p and d-d collisions. The planned center-of-mass energy is up to 27 GeV while the luminosity is expected
to reach 1032 cm−2 s−1 in the p-p collisions at maximal energy [5]. The d-d collisions will be possible
at
√
sNN ≤ 13.5 GeV with of about one order of magnitude lower luminosity. Asymmetric p-d collisions
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Figure 1: (a) The kinematic domain in the (x, Q2) plane expected to be covered by NICA SPD by charmonia,
open charm and prompt-photon production is shown in blue in comparison with other past, present, and
future experiments. (b) Cross section for the processes of open charm, J/ψ, ψ(2S) and prompt photons
(pT > 3 GeV) production as a function of center-of-mass energy.

at
√
sNN ≤ 19 GeV where one beam is polarized are also under discussion. Both vector and tensor

polarizations for deuterons will be available. Spin physics programme at the SPD is expected to start
after 2025 and to extend for about 10 years.

The SPD will have a unique possibility to probe gluon content employing three gluon-induced processes
in parallel: the inclusive production of charmonia (J/ψ and higher states), open charm production (gg →
cc̄), and production of the prompt photons (gq(q̄ → γq(q̄)). The expected cross section (see Fig. 1(a))
and event rate for all three processes is sizable in the discussed kinematic range and the experimental
setup is designed to effectively register the final states of interest. For effective registration of each above-
mentioned gluon probes, the SPD setup is planned to be equipped with a range (muon) system, an
electromagnetic calorimeter, a time-of-flight PID system and a silicon vertex detector. The coverage of
the detector close to 4π and low material budget in the inner part of the setup should provide a large
acceptance for the detected final states. The data is expected to provide inputs for gluon physics mostly
in the region around x ∼ 0.1 and to give as well a glimpse on higher x. The kinematic region to be covered
by the SPD (see Fig 1(b)) is unique and has never been accessed before in polarized hadronic collisions.

3 Gluon content of proton and deuteron with SPD

The unpolarized gluon distribution g(x) and the gluon Boer-Mulders TMD function h⊥g1 (x, kT ) [6] could
be tested in unpolarized collisions at SPD via the measurement of the open charm production cross
section. Unpolarized collusions could also shed light of the role of gluons in the charmonia production
mechanisms [7–11].

The double longitudinal spin asymmetries ALL provide access to the gluon helicity function ∆g(x) [12–
16]. Quadratic dependence of the asymmetry on ∆g(x) for the charm production and linear dependence in
the case of the prompt-photon production, combines high sensitivity and independence of the assumption
concerning the sign of the ∆g(x) in the measurement at SPD.

The azimuthal single transverse spin asymmetries AN is a powerful tool to study the gluon Sivers

2



function ∆g
N (x, kT ) and higher-twist effects in hadronic interactions [17–20]. Due to the relatively small√

s the SPD results can be used to investigate possible limits of applicability of the TMD factorization
approach.

Unpolarized gluon content of the deuteron can be studied from the explicit comparison of the differ-
ential cross sections for the p-p and p-d collisions for each of the probes. The effects related to possible
non-nucleonic degrees of freedom and the Fermi motion could be explored at high x [21]. Exploration of
the deuteron, the simplest nuclear system, is a bridge to another physics program at NICA – the study
of hot and dense hadronic matter in heavy-ion collisions [22].

The double transverse spin asymmetries ATT provide a unique opportunity to explore for the first time
the gluon transversity function ∆T g(x) in the collisions of transversely polarized deuterons [23, 24]. The
measurements of the tensor asymmetries with tensor-polarized deuterons could lead us to understanding
the role of gluons in the tensor structure of deuteron [25,26].

Polarized quark distributions and fragmentation functions can be accessed via the production of high-
pT hadrons. Other polarized and unpolarized physics is possible especially at the first stage of NICA
operation with reduced luminosity and collision energy of proton and ion beams.

4 Summary
The study of the gluon content in the proton and deuteron at NICA SPD will be an important contribution
to understanding of the general spin structure of hadrons and the QCD basis. It will be an important
step, complementary to the ongoing and planned efforts at RHIC, and future facilities like EIC and fixed-
target LHC. The physics program of the SPD facility is open for future exciting and challenging ideas
from theorists and experimentalists worldwide.
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