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THE NUCLOTRON-BASED ION COLLIDER FACILITY (NICA) PROJECT AT JINR
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SPD - EXPERIMENTAL CONDITIONS

Beam energies:  
p↑p↑(√spp ) = 12 ÷ ≥ 27 GeV (5 ÷ ≥12.6 GeV of proton kinetic energy), 
d↑d↑(√sNN) = 4 ÷ ≥13.8 GeV (2 ÷ ≥5.9 GeV/u of ion kinetic energy).

All combinations of collisions are possible - 

UU, LL, TT, UL, UT, LT

Unique possibility!
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also p↑d↑

|P|>0.6



SPD - VS OTHER POLARIZED p-p EXPERIMENTS
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MAIN PLAYERS IN POLARIZED GLUON PHYSICS
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CONCEPT OF THE SPD PHYSICS PROGRAM

6

Other  
physics

SPD - a universal 
facility for 

comprehensive study of 
gluon content in proton 

and deuteron at 
large x

Other spin-related 
phenomena

Charmonia
Open charm

Prompt photons



SPIN STRUCTURE OF NUCLEON
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WHY GLUONS?

SIDIS

σ ∼ α2αs σ ∼ α2
s

Hadroproduction

We cannot compete with SIDIS experiments in the study of 
the quark content of the nucleon
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GLUON PROBES AT SPD
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Open charm

Prompt photons
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not only J/ψ!
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MAIN PLAYERS IN POLARIZED GLUON PHYSICS

оpen charm  

charmonia  

high-pT prompt photons

SPD can cover this 
range for polarised 
gluon studies in p↑-p↑ 
interactions!
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PARTONIC STRUCTURE OF PROTON AND DEUTERON
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Spin crisis: 
Gluon helicity

Gluon and quark TMD PDFs:

Gluon transversity

Tensor structure 
of deuteron:

Nonbaryonic content of deuteron:

Unpolarized gluons in 
proton and deuteron at 

high x:

Sivers effect
and Collins effect

- spin-dependent fragmentation 
functions

σ(xF,pT)  ALL(xF,pT)  

ATT(xF,pT)  AN(xF,pT)
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EXPECTATIONS FOR SPD ENERGIES
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Saleev 2020, not published yet

Shipilova, Saleev, 2020, 
not published yet
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PHYSICS OF THE FIRST STAGE OF SPD RUNNING
➤ Spin effects in p-p, p-d and d-d elastic scattering 
➤ Spin effects in hyperons production 
➤ Multiquark correlations 
➤ Dibaryon resonances 
➤ Physics of light and intermediate nuclei collision 
➤ Exclusive reactions 
➤ Auxiliary measurements for astrophysics 
➤ …

13



WHAT SPD HAS FOR OPERATION WITH SUCH PROBES?

Charmonia

Prompt photons

Open charm
14

~4π geometry 
Triggerless mode

ZDC
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TRACKING

Silicon vertex detector

Straw tracker

σJ/ψ≈ 40 MeV

Magnetic field at the beam axis - 1 T
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CALORIMETRY

Threshold:  

50-100 MeV

σE /E = 5 % / E ⊕ 2 %

ECAL
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PARTICLE IDENTIFICATION

Muon (range system) Time-of-flight system

DIRC/aerogel as an option

4λI



POLARIMETRY AND LUMINOSITY MONITORS
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Beam-beam counter Zero degree calorimeter

Neutron detector and luminosity monitor
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PARTICIPANTS OF THE SPD PROJECT
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SUMMARY
➤ The Spin Physics Detector at the NICA collider is a universal facility for 

comprehensive study of polarized and unpolarized gluon content of proton and 
deuteron; in polarized high-luminosity p-p and d-d collisions at  

➤ Complementing main probes such as charmonia (J/ψ and higher states), open charm 
and prompt photons will be used for that; 

➤ SPD can contribute significantly to investigation of 
 gluon helicity;  
 gluon-induced TMD effects (Sivers and Boer-Mulders); 
 unpolarized gluon PDFs at high-x in proton and deuteron; 
 gluon transversity in deuteron. 

➤The SPD gluon physics program is complementary to the other intentions to 
study the gluon content of nuclei (RHIC, AFTER, LHCspin, EIC) and mesons 
(COMPASS++/AMBER, EIC). 

➤ The physics program for the first stage of SPD operation is also under preparation 

➤ The SPD project is opened for new ideas and collaborators. There is a plenty of 
directions for our collaboration: physics, detectors, computing etc. More 
detailed information could be found in the following talks. 

s ≤ 27 GeV
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