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~300 authors from 23 institutes from 10 countries + individual contributors

• SPD (Spin Physics Detector) is a universal facility with the 
primary goal to study unpolarized and polarized gluon 
content of proton and deuteron


• SPD project was approved by PAC and had its first proto-
collaboration meeting in 2019


• Conceptual Design Report (CDR) has been prepared at the 
end of 2020, arXiv:2102.00442

• Interaction with Detector Advisory Committee in 2021

• Technical Design Report (TDR) of SPD to be prepared in 

2021-2022

• Beginning of datataking for SPD after 2025

SPD project at NICA (JINR, Dubna)

Physics program of  SPD
• A.Arbuzov et al, On the physics potential to study the gluon content of proton and deuteron at NICA SPD, 

arXiv:2011.15005
Probe gluon distributions in production of charmonia, open charm and prompt photons 


• V.Abramov et al, Possible studies at the first stage of the NICA collider operation with polarized and 
unpolarized proton and deuteron beams, arXiv:2102.08477


Spin effects in elastic scattering and hyperon production, study of multiquark correlation, dibaryon 
resonances, exclusive reactions, open charm and charmonia near threshold, …
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J/ψ

ψ(2S)

Open charm

Prompt photons

• A.Arbuzov et al, On the physics potential to study the gluon 
content of proton and deuteron at NICA SPD, 
arXiv:2011.15005


• Tests of TMD factorization


• Linearly polarized gluons in unpolarized nucleon


• Hadron structure and heavy charmonia production mechanisms


• Non-nucleonic degrees of freedom in deuteron


• Gluon polarization ∆g with longitudinally polarized beams


• Gluon-related TMD and twist-3 effects with transversely 
polarized beams


• Gluon transversity in deuteron


• Deuteron tensor polarization and shear forces

Gluon probes at SPD
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SPD compared to other spin experiments

• Access to intermediate and high values of Bjorken x

• Low energy but collider experiment (compared to 

fixed target). Nearly 4π coverage


• Two injector complexes available ⇒ mixed 
combinations p↑-d and p-d↑ are possible

Figure 3: Cross-section for open charm, J/ψ and ψ(2S ) production from CEM-NLO model (colour evaporation model combined with NLO
pQCD matrix elements) and prompt photon production cross-section for pT > 3 GeV as a function of center-of-mass energy. Model-
calculations are compared with available experimental data sets. The figure is adapted from Ref. [44] ©(2002) by The European Physical
Journal.

Table 1: Main present and future gluon-spin-physics experiments.

Experimental SPD RHIC [45] EIC [36] AFTER LHCspin

facility @NICA [41] @LHC [34] [35]

Scientific center JINR BNL BNL CERN CERN

Operation mode collider collider collider fixed fixed

target target

Colliding particles p↑-p↑ p↑-p↑ e↑-p↑, d↑,3He↑ p-p↑,d↑ p-p↑

& polarization d↑-d↑

p↑-d, p-d↑

Center-of-mass ≤27 (p-p) 63, 200, 20-140 (ep) 115 115

energy
√

sNN , GeV ≤13.5 (d-d) 500

≤19 (p-d)

Max. luminosity, ∼1 (p-p) 2 1000 up to 4.7

1032 cm−2 s−1 ∼0.1 (d-d) ∼10 (p-p)

Physics run >2025 running >2030 >2025 >2025

(Fig. 4(a)) and its production can be perturbatively calculated, because the hard scale of the process is limited
from below by the heavy quark mass, providing the direct access to polarized and unpolarized gluon distributions.
However, the process of the transition of the heavy quark-antiquark pair into a physical bound-state is presently
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Main present and future gluon-spin-physics experiments



5

BM@N or

beam tests

MPD

Accelerator complex SPD

• Light ion mode:  up to 13Al,  optional 1H↑, 2D↑, 3He↑

     LU-20  ⇒  Nuclotron  ⇒ Collider

1 2 3 4 5 6 7 8 9 10 11 12 13
 [GeV]beamE

2910

3010

3110

3210

]-1 s
-2

Lu
m

in
os

ity
 [c

m

1010

1110

1210

1310

# 
pa

rti
cl

es
 in

 b
un

ch

Nuclotron
Light ion injection


 and LU-20

pp



6

Range System

(RS)

Electromagnetic 
Calorimeter (ECal)Vertex Detector 

(VD)
(PID)


TOF or Aerogel

Straw Tracker 
(ST)

7.7 m

6.
5 

m

Layout of  SPD

CDR of SPD, arXiv:2102.00442

Size of the detector is limited by 
its weight <1200 ton



7

Superconductive magnetic system of  SPD

• 6 isolated superconductive coils 

• Minimization of total amount of material


• Every coil consists of 60 turns of NbTiCu cable 
with the 10 kA current 

• Total current:  60 × 10 kA = 600 kA·turn


• The same cable as used in Nuclotron magnets: 
hollow superconductor with the two-phase helium 
flows inside (~4.5 K)


• Similar cryogenic system as the one of Nuclotron

SC cable used for magnets of  Nuclotron

1T

Magnetic field [kG]6 coils of  SC magnet

3.7 m
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Tracking system of  SPD

Vertex Detector (VD) Straw Tracker (ST)

1.
7 

m

2.4 m

• Purpose: reconstruction of D meson decay vertices

• 5 layers = 2 DSSD + 3 MAPS


• Double Side Silicone Strip (DSSD), 300 μm 
thickness, strip pitch 95 μm - 281 μm


• Monolithic Active Pixel Sensors (MAPS) 
designed for ALICE, pixel size 29 μm × 27 μm


• Low material budget

• Vertex spatial resolution < 100 μm

• Use of MAPS improves the signal-to-background ratio 

of D meson peak by a factor of 3 

• Main tracker system of SPD


• Maximum drift time of 120 ns for ∅=10mm straw 


• Spatial resolution of 150 μm

• Expected DAQ rate up to half MHz (electronics is 

limiting factor)

• Number of readout channels ~50k

• Can be used for PID if energy deposition if detected

• Extensive experience in straw production in JINR for 

various experiments (NA58, NA62, NA64…)

• Barrel:  8 modules with up 
to 30 double-layers, ZUV

• Endcap:  12 double-layers, 
XYUV orientation
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#¨¸. 15. ‘Ì¥³  ¸¨¸É¥³Ò !˜ˆ” ¤¥É¥±Éµ· 
Š…„#

"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥

π K

322 см

∅=202 см
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Particle Identification (PID) system

Time-of-Flight (TOF) Aerogel

„…’…Š’"# Š…„# 1291

Éµ·  ¨ ¶µ¤ ¥É¸Ö ´  ¢Ìµ¤ ¶² É µÍ¨Ë·µ¢Ò¢ ÕÐ¥° Ô²¥±É·µ´¨±¨ ¶µ ¤²¨´´µ³Ê
± ¡¥²Õ (∼ 40 ³).

„²Ö µÍ¨Ë·µ¢±¨ ¸¨£´ ²  ¡Ò²  · §· ¡µÉ ´  ¸¶¥Í¨ ²Ó´ Ö Ô²¥±É·µ´´ Ö ¶² É 
(6 ¢ ¸É ´¤ ·É¥ Š‹)Š‚(, · ¡µÉ ÕÐ Ö ¢ ·¥¦¨³¥ pipe-line. "¸´µ¢´Ò³¨ Ô²¥-
³¥´É ³¨ ¸Ì¥³Ò Ö¢²ÖÕÉ¸Ö 10-· §·Ö¤´Ò° (–+ ¨ ¸¤¢¨£µ¢Ò° ·¥£¨¸É·. (–+ ¨§³¥-
·Ö¥É ³£´µ¢¥´´µ¥ §´ Î¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¸ ¶¥·¨µ¤µ³ 50 ´¸. ‘¤¢¨£µ¢Ò° ·¥£¨¸É·
¸²Ê¦¨É ¤²Ö ¸µÌ· ´¥´¨Ö ¨´Ëµ·³ Í¨¨ ´  ¢·¥³Ö ·¥Ï¥´¨Ö É·¨££¥· . „²Ö ± ¦¤µ£µ
¨³¶Ê²Ó¸  ¸Î¨ÉÒ¢ ÕÉ¸Ö ¶ÖÉÓ §´ Î¥´¨° ´ ¶·Ö¦¥´¨Ö, ¶µ ´¨³ ¢µ¸¸É ´ ¢²¨¢ ÕÉ¸Ö
 ³¶²¨ÉÊ¤  ¨ ¢·¥³Ö ¶·¨Ìµ¤  ¨³¶Ê²Ó¸ . „²Ö ±µ´É·µ²Ö §  ¸µ¡¸É¢¥´´Ò³¨ ÏÊ³ ³¨
ËµÉµÊ³´µ¦¨É¥²¥° ¢ ¸Ì¥³¥ ¥¸ÉÓ ¤¨¸±·¨³¨´ Éµ·.

7.5. ’¥¸É¨·µ¢ ´¨¥ ¸Î¥ÉÎ¨±  ´  ¶ÊÎ±¥. ‚ 2000 £. ¡Ò²µ ¨§³¥·¥´µ ± Î¥¸É¢µ
π/K-· §¤¥²¥´¨Ö Éµ·Í¥¢µ£µ ¸Î¥ÉÎ¨±  (˜ˆ” ´  ¢Éµ·¨Î´ÒÌ ¶ÊÎ± Ì ¶·µÉµ´-
´µ£µ ¸¨´Ì·µÉ·µ´  ¢ "ˆŸˆ („Ê¡´ ) [45]. ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¢¥Éµ¸¡µ·  ¡Ò² 

#¨¸. 20. ˆ§³¥·¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ²µ¦´µ°
¨¤¥´É¨Ë¨± Í¨¨ ¶¨µ´µ¢ ¨ ± µ´µ¢ µÉ  ³-
¶²¨ÉÊ¤Ò ¤²Ö ¨³¶Ê²Ó¸µ¢ P = 0,86 ƒÔ‚/c
¨ P = 1,2 ƒÔ‚/c

¨§³¥·¥´  ´  ¶ÊÎ±¥ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó-
¸µ³ 0,86 ƒÔ‚/c ¶µ ¢¸¥° ¶²µÐ ¤¨ ¸Î¥É-
Î¨± . ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¨£´ ²  ¸µ¸É -
¢¨²  ±15%.

,  ·¨¸. 20 ¶µ± § ´Ò ¢¥·µÖÉ´µ¸É¨
²µ¦´µ° ¨¤¥´É¨Ë¨± Í¨¨ ± µ´µ¢ ¨ ¶¨µ-
´µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶µ·µ£  ´   ³¶²¨-
ÉÊ¤Ê ¸¨£´ ² . „²Ö ¨³¶Ê²Ó¸  0,86 ƒÔ‚/c
¶·¨ ¶µ·µ£¥ 0,05 ËµÉµÔ²¥±É·µ´  ±µÔË-
Ë¨Í¨¥´É ¶µ¤ ¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 900
¶·¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ-
´µ¢ 94% (· §¤¥²¥´¨¥ 4,7σ). +·¨ ¨³-
¶Ê²Ó¸¥ 1,2 ƒÔ‚/c ±µÔËË¨Í¨¥´É ¶µ¤ -
¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 1300 ¶·¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ´µ¢ 90%
(4,5σ).

‚·¥³¥´´-µ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨± 
(˜ˆ” ´  ¶¨µ´ Ì ¸ ¨³¶Ê²Ó¸µ³
0,86 ƒÔ‚/c ¸µ¸É ¢¨²µ στ = 2 ´¸ [39].

7.6. „µ²£µ¢·¥³¥´´ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¸Î¥ÉÎ¨±µ¢. ˆ¸¸²¥¤µ¢ ´¨¥ ¤µ²£µ¢·¥-
³¥´´µ° ¸É ¡¨²Ó´µ¸É¨ ¡Ò²µ ¶·µ¢¥¤¥´µ ´  20 Éµ·Í¥¢ÒÌ ¸Î¥ÉÎ¨± Ì, ¸µ¡· ´´ÒÌ
¢ 1999Ä2000 ££. ‘Î¥ÉÎ¨±¨ ´ Ìµ¤¨²¨¸Ó ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ¸ 2000 ¤µ 2003 £.
+¥·¨µ¤¨Î¥¸±¨ ´  ´¨Ì ¶µ¤ ¢ ²µ¸Ó ¢Ò¸µ±µ¥ ´ ¶·Ö¦¥´¨¥, ¨§³¥·Ö²¨¸Ó ÏÊ³Ò
”.“, § ¶¨¸Ò¢ ²¨¸Ó  ³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò. ‚¸¥ ¸Î¥ÉÎ¨±¨ É¥¸É¨·µ¢ ²¨¸Ó ´ 
±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¤µ ¶µ¸É ´µ¢±¨ ¢ ¤¥É¥±Éµ· ¨ ¶µ¸²¥ ¸´ÖÉ¨Ö ¸ ¤¥É¥±Éµ· .
‡ ¢¨¸¨³µ¸ÉÓ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ µÉ ¢·¥³¥´¨ ¤²Ö µ¤´µ£µ ¨§ ¸Î¥ÉÎ¨±µ¢ ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 21. + ¤¥´¨¥ ¸¨£´ ²  µÉ ¢·¥³¥´¨ ¸É ¡¨²¨§¨·µ¢ ²µ¸Ó ´  ¶² Éµ
´  Ê·µ¢´¥ 66% µÉ ¶¥·¢µ´ Î ²Ó´µ£µ, Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢ ´¥ ³¥´Ö²µ¸Ó (¢
¶·¥¤¥² Ì ∼ 10%) ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ¶ÖÉ¨ ²¥É.

Probability of wrong 
identification, KEDREndcap and barrel 

counters

MRPC option Scintillator Tile (SciTil)

• Two options with similar performance are considered

• MRPC: used in two other experiments of NICA 

(BM@N, MPD)

• SciTil: design can be similar to the one of PANDA, 

easier to assemble and maintain w.r.t. MRPC

• Minimum flight distance 1m 

• Time resolution in both cases is ~60ps

• No interaction time  ⇒  multiple tracks with particle 

flavor  hypothesis for identification

• Identification based on Cherenkov light radiation

• Range of π/K separation is a function of refractive index n
• The design follow closely the one of KEDR (Novosibirsk)

• Low light yield ~6 p.e.

n=1.05
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PID analysis in SPD (π, K, p)
Conceptual design of the Spin Physics Detector 131
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Figure 11.9: Reconstructed mass vs. particle momentum for pions, kaons and protons.
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931
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π/K separation


• Short tracks (R<1m) to be identified by 
straw up to 0.7 GeV/c


• Long tracks (R>1m) to be identified by 
straw+TOF up to 1.5 GeV/c


• tracks with p>1.5 GeV/c to be identified 
by aerogel
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Electromagnetic Calorimeter (ECal) Range System (RS)

• Purpose: detection of prompt photons and photons 
from π0, η and χc decays


• Identification of electrons and positrons


• Number of radiation lengths 18.6X0

• Total weight is  40t (barrel) + 28t (endcap) = 68t


• Total number of channels is ~30k


• Energy resolution is  ~5% / √E


• Low energy threshold is ~50 MeV


• Time resolution is ~0.5 ns

Conceptual design of the Spin Physics Detector 77

(a)

(b)
Figure 4.16: (a) Barrel and end-cap parts of the calorimeter. The holes of size 160 ⇥ 160 mm2 for the
beam pipe can be seen in the centers of the end-caps. (b) Schematic drawing of a cross-section of the
barrel part of the calorimeter. It is sectioned into 224 azimuthal sectors (8 sections, 28 cells per section)
with vertex a angle of 1.58�. All dimensions are in millimeters.

40 cm

2×2=4 cells

• 200 layers of lead (0.5 mm) 
and scintillator (1.5mm)


• 36 fibers of one cell transmit 
light to 6×6 mm2 SiPM


• Moliere radius is ~2.4 cm

• Purposes: μ identification, rough hadron calorimetry


• Used as a yoke for the return field


• Total mass ~800 t, at least 4λI

• The design follow closely the one of PANDA


• MDT provide 2 coordinate readout (~100 kch)


•  Al extruded comb-like 8-cell profile with anode 
wires + external electrodes (strips) perpendicular 
to the wires

17 layers of Fe (3-6 cm) 
interleaved with 3.5 cm gaps 
for Mini Drift Tube detectors



 MCP

Beam pipe

12

• ZDC will be integrated in the cryostat placed between 
two vertically deflecting magnets, 14m from IP


• Sampling calorimeter with fine segmentation, 5x5 matrix

• SiPM light readout, about 1000 channels

• Readout based on electronics designed for the DANSS 

neutrino experiment at Kaliniskaya NPP

Zero Degree Calorimeter (ZDC)Beam Beam Counter (BBC)

Local polarimetry and luminosity control

• BBC consists of inner and outer parts

• Inner part: Micro-Channel Plates (MCP) located in 

the vacuum of the beam pipe, 1.4 m from IP

• Outer part: plastic scintillator tiles with SiPM 

readout, 1.4 m from IP

Absorber Scintillator SiPM

EM part
Hadron part

Front view

scint. 5×5

Scintillator tiles
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Figure 9.15: (a) Dimuon candidate spectrum and the J/y peak after one year of data taking. (b)
Expected statistical precision for polarization lq as a function of the J/y transverse momentum.

The transverse single-spin asymmetry AN in J/y production probes the Sivers function. At
p

s =
200 GeV it was measured by the PHENIX Collaboration and found consistent with zero [18, 19]. To
estimate our statistical precision, 8 bins in f are considered (see Eq. 9.7). The same linear fit is used
to, firstly, estimate the error in the bins based on the expected J/y number and, secondly, to extract AN .
The projected statistical uncertainties for AN as a function of xF are compared to the GPM model pre-
dictions from Ref. [485] in Fig. 9.16 (preliminary CGI-GPM calculations indicate lower asymmetries).
Compared to the PHENIX measurement, we expect a much better precision and a much wider kinematic
range in xF . Our rapidity range is approximately |y| < 2.

(a) (b)
Figure 9.16: Projection of the estimated statistical uncertainties for AN compared to the GPM predictions
from Ref. [485] for SIDIS1 (a) and D’Alesio PDF parameterizations (b).

The statistical error of the longitudinal double spin asymmetry ALL sensitive to the polarized gluon dis-
tribution was estimated basing on Eq. 9.8 and 9.9. In these formulas, we neglect the uncertainties of
the measurement of the relative integrated luminosities and the beam polarizations. The projection of
the statistical uncertainties as functions of pT and |y| are shown in Fig 9.17. Compared to the previous
results obtained by the PHENIX Collaboration at

p
s = 510 GeV [120], we have a much better precision

and probe a wider kinematic range.

• 200 nb cross-section at √s=27 GeV, taking data for 
107 s  ⇒  12·106 decays J/ψ→μ+μ-  in the detector


• ~4·106 after all cuts

• TSSA probes the Sivers function in J/ψ production

• Two approaches describing hadronization stage


• Non-Relativistic QCD factorization (NRQCD)

• Improved Color-Evaporation Model (ICEM)


• GPM model prediction, A.Karpishkov, V.Saleev, 
M.Nefedov, arXiv:2008.07232

MC study: charmonia production

J/ψ → μ+μ-

Conceptual design of the Spin Physics Detector 139
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Figure 9.15: (a) Dimuon candidate spectrum and the J/y peak after one year of data taking. (b)
Expected statistical precision for polarization lq as a function of the J/y transverse momentum.

The transverse single-spin asymmetry AN in J/y production probes the Sivers function. At
p

s =
200 GeV it was measured by the PHENIX Collaboration and found consistent with zero [18, 19]. To
estimate our statistical precision, 8 bins in f are considered (see Eq. 9.7). The same linear fit is used
to, firstly, estimate the error in the bins based on the expected J/y number and, secondly, to extract AN .
The projected statistical uncertainties for AN as a function of xF are compared to the GPM model pre-
dictions from Ref. [485] in Fig. 9.16 (preliminary CGI-GPM calculations indicate lower asymmetries).
Compared to the PHENIX measurement, we expect a much better precision and a much wider kinematic
range in xF . Our rapidity range is approximately |y| < 2.
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Figure 9.16: Projection of the estimated statistical uncertainties for AN compared to the GPM predictions
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The statistical error of the longitudinal double spin asymmetry ALL sensitive to the polarized gluon dis-
tribution was estimated basing on Eq. 9.8 and 9.9. In these formulas, we neglect the uncertainties of
the measurement of the relative integrated luminosities and the beam polarizations. The projection of
the statistical uncertainties as functions of pT and |y| are shown in Fig 9.17. Compared to the previous
results obtained by the PHENIX Collaboration at

p
s = 510 GeV [120], we have a much better precision

and probe a wider kinematic range.

07.10.2020Measurement of J/psi TSSA at SPD12

Expectations from theory

GPM, Karpishkov, Saleev and Nefedov, 2020:
● d’Alesio and  SIDIS1 – arXiv:2008.07232
● SIDIS2 – private communica�ons

SIDIS1 SIDIS2 d’Alesio

07.10.2020Measurement of J/psi TSSA at SPD12

Expectations from theory

GPM, Karpishkov, Saleev and Nefedov, 2020:
● d’Alesio and  SIDIS1 – arXiv:2008.07232
● SIDIS2 – private communica�ons

SIDIS1 SIDIS2 d’Alesio

d’Alesio PDF parametrization

07.10.2020Measurement of J/psi TSSA at SPD12

Expectations from theory

GPM, Karpishkov, Saleev and Nefedov, 2020:
● d’Alesio and  SIDIS1 – arXiv:2008.07232
● SIDIS2 – private communica�ons

SIDIS1 SIDIS2 d’Alesio

Conceptual design of the Spin Physics Detector 139

2 2.5 3 3.5 4 4.5
) (GeV)-µ+µM(

0

500

1000

1500

2000

2500

3000

3500

4000
310×

Ev
en

ts 
/ 4

0 M
eV Total

 signalψJ/

(a)

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
 (GeV/c)

T
p

0.1−

0.05−

0

0.05

0.1

λσ

(b)
Figure 9.15: (a) Dimuon candidate spectrum and the J/y peak after one year of data taking. (b)
Expected statistical precision for polarization lq as a function of the J/y transverse momentum.

The transverse single-spin asymmetry AN in J/y production probes the Sivers function. At
p

s =
200 GeV it was measured by the PHENIX Collaboration and found consistent with zero [18, 19]. To
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to, firstly, estimate the error in the bins based on the expected J/y number and, secondly, to extract AN .
The projected statistical uncertainties for AN as a function of xF are compared to the GPM model pre-
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Figure 9.22: (a) Expected uncertainty of the unpolarized cross-section Ed3s/d p3 measurement as a
function of pT . (b) Expected accuracy of the AN measurement for the prompt photons with pT > 4
GeV/c at

p
s = 27 GeV as a function of xF . The theoretical predictions are also shown.

2.3 Open charm production

In spite of the relatively large cross-section of the open charm production, most of the D-meson decays
cannot be reconstructed easily. The ”golden” decay channels are: D0 ! K�p+ and D+ ! K�p + p+

(BF=3.95% and 9.38%, respectively). The momentum distributions for D± and D0/D0 produced in p-p
collisions at

p
s = 27 GeV are shown in Fig. 9.23(a). The difference between the red and blue curves

reflects the fact that the probability for the c-quark to hadronize into the neutral D-meson is 2 times higher
than into the charged one. Since the decay length ct is 311.8 and 122.9 µm, respectively, which is larger
than the spatial resolution of the vertex reconstruction, the VD allowing one to reconstruct the secondary
vertex of the D-meson decay is the key detector for the open charm physics at SPD. The distribution for
the spatial distance between the primary (production) and secondary (decay) vertices for D±/0 mesons is
presented in Fig. 9.23(b).
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Figure 9.23: (a) Momentum distributions for D± and D0/D0 produced in p-p collisons at
p

s = 27 GeV.
(b) Spatial distance between the production and the decay vertices for D-mesons.

We demonstrate the ability of the SPD setup to deal with the open-charm physics using the D0/D0

signal. The following quantities can be used as selection criteria in order to suppress the combinatorial
pK background together with the kaon identification by the PID system:

– the quality of the secondary vertex reconstruction (c2);

– the distance between the primary and secondary vertices (spatial or in projections) normalized to
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Figure 9.21: (a) pT spectra of the produced prompt (red) and the decay or minimum bias (blue) pho-
tons in p-p collisions at

p
s = 27 GeV. Distributions are scaled to one year of data taking (107 s). (b)

Contributions of different background components for the prompt photon production in p-p collisions atp
s = 27 GeV (events per year of data taking) [492].

As one can see, the photons from the unreconstructed decays of neutral pions are the main source of
the background. The fraction of such unreconstructed decays can be estimated from the Monte Carlo
simulation and is about 50%. Based on the number Np0 of the reconstructed p0 ! gg decays, the corre-
sponding number of the remaining background photons k ⇥ Np0 should be subtracted from the number
of prompt-photon candidates Ng in order to get an estimation of a true number of prompt photons:

Nprompt = Ng � k ⇥Np0 . (9.13)

Here k ⇡ 0.3 is a coefficient calculated from the MC simulation that takes into account not only the in-
efficiency of the p0 ! gg decay reconstruction, but also the overall contribution of all other background
photons including the photons from the radiative decays of h , w , r ,f , etc. The described subtraction
procedure has to be performed for each bin of pT and xF ranges. One should keep in mind that the back-
ground of the decay photons is also spin-dependent, since there is an indication of non-zero asymmetries
ALL and AN in the inclusive p0 and h production [111–113, 175, 176, 493].

The expected accuracy of the unpolarized cross-section Ed3s/d p3 measurement after one year (107 s)
of data taking is shown in Fig. 9.21(b). At a low pT range the main contribution to the total uncertainty
comes from the systematics of the p0 background subtraction procedure while at high pT the statistical
uncertainty dominates. To estimate the systematics dk/k = 1% is assumed as a realistic value.

To estimate the AN asymmetry the function

f (f) = C +P⇥ANcos f (9.14)

is fitted to the expected acceptance-corrected azimuthal distribution of the prompt-photon events. Here
f is the azimuthal angle of the photons produced in the laboratory frame in respect to the direction of
the proton beam polarization. The expected accuracy of the ALL and AN measurement as a function of
xF is shown in Fig. 9.22 (b). The statistical part is shown in red, while the total error that also includes
the systematics related to the background subtraction (dk/k = 1%) is shown in blue. The error does not
include the uncertainties related to luminosity and beam polarization measurement.

The systematic uncertainty related to the background subtraction could be partially reduced by the si-
multaneous study of the asymmetries in the production of prompt photons, p0-, and h-mesons.

• Clean probe to study the Sivers DF and 
twist-3 correlation functions 


• Proceeds without fragmentation ⇒ is exempt 
from the Collins effect 


• Disagreement of theory and data at high xT

• Main source of background:  photons from 
decays of secondary π0  and η. The rest of the 
decays contributes on the level of 3%


• Quark and gluon SF contributions were 
estimated separately within GPM

MC study: prompt photon productionConceptual design of the Spin Physics Detector 15
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Figure 2.3: (a) Prediction for prompt photon transverse momentum spectrum at

p
s = 27 GeV obtained

in LO (red line) and NLO (blue line) approximations of CPM and LO of PRA (black line). Uncertainty
bands for PRA predictions are due to factorization/renormalization scale variation only. (b) Data-to-
theory ratio for the fixed-target and collider experiments [35].

Table 2.2: Expected cross-section and counts for each of the gluon probes per one year of SPD running
(107 s). Detector acceptance and reconstruction efficiency are not taken into account.

s27 GeV, s13.5 GeV, N27 GeV, N13.5 GeV

Probe nb (⇥BF) nb (⇥BF) 106 106

Prompt-g (pT > 3 GeV/c) 35 2 35 0.2

J/y 200 60

! µ+µ� 12 3.6 12 0.36

y(2S) 25 5

! J/yp+p� ! µ+µ�p+p� 0.5 0.1 0.5 0.01

! µ+µ� 0.2 0.04 0.2 0.004

cc1 + cc2 200

! gJ/y ! gµ+µ� 2.4 2.4

hc 400

! pp̄ 0.6 0.6

Open charm: DD pairs 14000 1300

Single D-mesons

D+ ! K�2p+ (D� ! K+2p�) 520 48 520 4.8

D0 ! K�p+ (D0 ! K+p�) 360 33 360 3.3

1.2 Gluons at large x

The gluon PDF is one of the less known parton distributions in the proton because the available data
constrain weakly the quantity g(x,Q2), particularly for x greater than 0.5 [42, 43]. In the high-x region,
the gluon density is usually parameterized as g(x,Q2) ⇠ (1� x)L, and values of L extracted from global

A N

before selection cuts

hep-ph/0602133
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the corresponding uncertainty;

– the angle between the reconstructed momentum of the pK pair and the line segment connecting
the primary and secondary vertices;

The kinematics of the pK pair (the angular and momentum distributions) could also be used for discrim-
ination.

Figure 9.24 (a) presents the K�p+ invariant mass spectrum obtained as the result of such a selection for
the D0-signal in the kinematic range |xF | > 0.2 as an example for both variants of the VD after one year
of data taking. About 96% of the D0 ! K�p+ events were lost, while the combinatorial background
under the D-meson peak was suppressed by 3 orders of magnitude. The signal-to-background ratio for
D0 is about 1.3% for the DSSD configuration and about 3.9% for the DSSD+MAPS one. Improving
the signal-to-background ratio is the subject of further optimization of the selection criteria, as well as
the reconstruction algorithms. The corresponding statistical accuracy of the SSA AN measurement is
illustrated by Fig. 9.24 (b), where both signals, D0 and D0, are merged. Similar or even better results
(due to a larger ct value) could be expected for the charged channel D± ! K⌥p±p±.
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Figure 9.24: (a) K�p+ invariant mass spectrum after 1 year of data taking (

p
s = 27 GeV, |xF | > 0.2).

(b) Corresponding statistical accuracy of the AN measurement for the D0 + D0 mesons. The expected
Sivers contribution to the SSA is also shown.

Another way to improve the signal-to-background ratio is tagging the D-mesons by their origin from the
decay of a higher state D⇤ ! Dp . The complexity of this approach lies in the need for detection of the
soft pion (pp ⇠ 0.1 GeV/c).

One more possibility to reduce the background is the tagging a leptonic decay of the second D-meson in
the event via reconstruction of the corresponding muon in the RS. The corresponding branching fractions
(µ + anything) are 6.8±0.6% and 17.6±3.2% for D0 and D±, respectively.
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Figure 9.24: (a) K�p+ invariant mass spectrum after 1 year of data taking (

p
s = 27 GeV, |xF | > 0.2).

(b) Corresponding statistical accuracy of the AN measurement for the D0 + D0 mesons. The expected
Sivers contribution to the SSA is also shown.

Another way to improve the signal-to-background ratio is tagging the D-mesons by their origin from the
decay of a higher state D⇤ ! Dp . The complexity of this approach lies in the need for detection of the
soft pion (pp ⇠ 0.1 GeV/c).

One more possibility to reduce the background is the tagging a leptonic decay of the second D-meson in
the event via reconstruction of the corresponding muon in the RS. The corresponding branching fractions
(µ + anything) are 6.8±0.6% and 17.6±3.2% for D0 and D±, respectively.
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Figure 9.22: (a) Expected uncertainty of the unpolarized cross-section Ed3s/d p3 measurement as a
function of pT . (b) Expected accuracy of the AN measurement for the prompt photons with pT > 4
GeV/c at

p
s = 27 GeV as a function of xF . The theoretical predictions are also shown.

(BF=3.95% and 9.38%, respectively). The momentum distributions for D± and D0/D̄0 produced in p-p3365

collisions at
p

s = 27 GeV are shown in Fig. 9.23(a). The difference between the red and blue curves3366

reflects the fact that the probability for the c-quark to hadronize into the neutral D-meson is 2 times higher3367

than into the charged one. Since the decay length ct is 311.8 and 122.9 µm, respectively, which is larger3368

than the spatial resolution of the vertex reconstruction, the VD allowing one to reconstruct the secondary3369

vertex of the D-meson decay is the key detector for the open charm physics at SPD. The distribution for3370

the spatial distance between the primary (production) and secondary (decay) vertices for D±/0 mesons is3371

presented in Fig. 9.23(b).3372
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Figure 9.23: (a) Momentum distributions for D± and D0/D̄0 produced in p-p collisons at

p
s = 27 GeV.

(b) Spatial distance between the production and the decay vertices for D-mesons.

We demonstrate the ability of the SPD setup to deal with the open-charm physics using the D0/D̄0
3373

signal. The following quantities can be used as selection criteria in order to suppress the combinatorial3374

pK background together with the kaon identification by the PID system:3375

– the quality of the secondary vertex reconstruction (c2);3376

– the distance between the primary and secondary vertices (spatial or in projections) normalized to3377

the corresponding uncertainty;3378

– the angle between the reconstructed momentum of the pK pair and the line segment connecting3379

the primary and secondary vertices;3380

• “Golden” decay channels


•  D0 → π+ K-  and  D+ → π+ K-  π+

• Typical momentum of D mesons is 2 GeV/c


• Selection criteria: χ2, distance, angle


• Signal-to-background ratio for D0

• 1.3% for the DSSD-only option of VD


• 3.9% for the DSSD+MAPS option of VD


• The expected Sivers contribution to SSA was 
estimated within GPM

MC study: open charm production

D0 → π+ K-

Distance between production 
and decay vertex

cτ = 312 μm

cτ = 123 μm
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Conclusions

• NICA collider will start operation at JINR/Dubna in 2022


• CM energy scan from few GeV to 27 GeV in pp mode


• Measurements with pp, pd and dd beams 


• All configurations for the beam polarization: U, L, T


• SPD (Spin Physics Detector) is a universal facility with the primary goal to 
study unpolarized and polarized gluon content of p and d 


• Main probes:  charmonia, open charm and prompt photons


• 4π detector will be equipped with silicon detector, straw tracker, TOF 
(+aerogel) for PID, calorimetry and muon system 


• Conceptual Design Report and physics program were released this winter


• Proposed program cover at least 5 years of data taking


• Preparation of the Technical Design Report and detector prototyping in 
2021-2022


• First data of SPD after 2025 
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spare slides
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Aerial view to NICA SPD experimental hall

SPD
Nuclotron

• Infrastructure development is ongoing:   modernization of power supply system,  upgrade 
of plants for liquid helium and nitrogen production,  construction of new buildings


• Plans for the SPD hall for this year:  complete work on the interior, make crane in operation 
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Table 12.1: Tentative running plan for the Spin Physics Detector.

Physics goal Required time Experimental conditions

First stage
Spin effects in p-p scattering 0.3 year pL,T -pL,T ,

p
s <7.5 GeV

dibaryon resonanses
Spin effects in p-d scattering, 0.3 year dtensor-p,

p
s <7.5 GeV

non-nucleonic structure of deuteron,
p̄ yield
Spin effects in d-d scattering 0.3 year dtensor-dtensor,

p
s <7.5 GeV

hypernuclei
Hyperon polarization, SRC, ... together with MPD ions up to Ca
multiquarks

Second stage
Gluon TMDs, 1 year pT -pT ,

p
s =27 GeV

SSA for light hadrons
TMD-factorization test, SSA, 1 year pT -pT , 7 GeV<

p
s <27 GeV

charm production near threshold, (scan)
onset of deconfinment, p̄ yield
Gluon helicity, 1 year pL-pL,

p
s =27 GeV

...
Gluon transversity, 1 year dtensor-dtensor,

psNN = 13.5 GeV

non-nucleonic structure of deuteron, or/and dtensor-pT , psNN = 19 GeV
”Tensor porlarized” PDFs

1

2

4

3
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#¨¸. 15. ‘Ì¥³  ¸¨¸É¥³Ò !˜ˆ” ¤¥É¥±Éµ· 
Š…„#

"  ·¨¸. 16 ¨ 17 ¶·¥¤¸É ¢²¥´Ò
±µ´¸É·Ê±Í¨¨ Éµ·Í¥¢µ£µ ¨ ¡ ··¥²Ó-
´µ£µ ¸Î¥ÉÎ¨±µ¢. ‘É¥´±¨ ¸Î¥ÉÎ¨±µ¢
¶µ±·ÒÉÒ ¤¨ËËÊ§´µ-µÉ· ¦ ÕÐ¨³ ³ -
É¥·¨ ²µ³ ´  µ¸´µ¢¥ ¶µ²¨É¥É· ËÉµ·-
ÔÉ¨²¥´  (*’”+), ¨³¥ÕÐ¥£µ ±µÔËË¨-
Í¨¥´É µÉ· ¦¥´¨Ö µÉ ¸²µÖ Éµ²Ð¨´µ°
¢ 750 ³±³ 97Ä98% [40]. —¥·¥´-
±µ¢¸±¨° ¸¢¥É ¨§  Ô·µ£¥²Ö ¸µ¡¨· ¥É¸Ö
´  Ï¨ËÉ¥·, ¶¥·¥¨§²ÊÎ ¥É¸Ö ¸ ¤²¨´µ°
¢µ²´Ò ∼ 500 ´³ ¨ Î ¸ÉÓ ¥£µ (∼ 50 %)
µ± §Ò¢ ¥É¸Ö ¢ Ê¸²µ¢¨ÖÌ ¶µ²´µ£µ ¢´Ê-
É·¥´´¥£µ µÉ· ¦¥´¨Ö. +É  Î ¸ÉÓ ¶¥·¥-
¨§²ÊÎ¥´´µ£µ ¸¢¥É  ± ± ¶µ ¸¢¥Éµ¢µ¤Ê
· ¸¶·µ¸É· ´Ö¥É¸Ö ± ”+“, ¸µ¥¤¨´¥´-
´µ³Ê µ¶É¨Î¥¸±¨³ ±µ´É ±Éµ³ ¸ µ¤´¨³
¨§ ±µ´Íµ¢ ¶¥·¥¨§²ÊÎ É¥²Ö. "  ¶·µ-
É¨¢µ¶µ²µ¦´µ³ ±µ´Í¥ Ê¸É ´µ¢²¥´ µÉ-
· ¦ É¥²Ó ¨§ *’”+.

„²Ö · ¸Î¥É  ±µÔËË¨Í¨¥´É  ¸¢¥Éµ¸¡µ·  ¢ ¸Î¥ÉÎ¨±¥ ¡Ò²  ¸µ§¤ ´  ¶·µ-
£· ³³  ³µ¤¥²¨·µ¢ ´¨Ö ³¥Éµ¤µ³ Œµ´É¥-Š ·²µ. ‚Ìµ¤´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²Ö-

#¨¸. 16. ’µ·Í¥¢µ° ¸Î¥ÉÎ¨± #¨¸. 17. „¢  ¡ ··¥²Ó´ÒÌ ¸Î¥ÉÎ¨±  ¢ µ¤´µ³
±µ·¶Ê¸¥
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Éµ·  ¨ ¶µ¤ ¥É¸Ö ´  ¢Ìµ¤ ¶² É µÍ¨Ë·µ¢Ò¢ ÕÐ¥° Ô²¥±É·µ´¨±¨ ¶µ ¤²¨´´µ³Ê
± ¡¥²Õ (∼ 40 ³).

„²Ö µÍ¨Ë·µ¢±¨ ¸¨£´ ²  ¡Ò²  · §· ¡µÉ ´  ¸¶¥Í¨ ²Ó´ Ö Ô²¥±É·µ´´ Ö ¶² É 
(6 ¢ ¸É ´¤ ·É¥ Š‹)Š‚(, · ¡µÉ ÕÐ Ö ¢ ·¥¦¨³¥ pipe-line. "¸´µ¢´Ò³¨ Ô²¥-
³¥´É ³¨ ¸Ì¥³Ò Ö¢²ÖÕÉ¸Ö 10-· §·Ö¤´Ò° (–+ ¨ ¸¤¢¨£µ¢Ò° ·¥£¨¸É·. (–+ ¨§³¥-
·Ö¥É ³£´µ¢¥´´µ¥ §´ Î¥´¨¥ ´ ¶·Ö¦¥´¨Ö ¸ ¶¥·¨µ¤µ³ 50 ´¸. ‘¤¢¨£µ¢Ò° ·¥£¨¸É·
¸²Ê¦¨É ¤²Ö ¸µÌ· ´¥´¨Ö ¨´Ëµ·³ Í¨¨ ´  ¢·¥³Ö ·¥Ï¥´¨Ö É·¨££¥· . „²Ö ± ¦¤µ£µ
¨³¶Ê²Ó¸  ¸Î¨ÉÒ¢ ÕÉ¸Ö ¶ÖÉÓ §´ Î¥´¨° ´ ¶·Ö¦¥´¨Ö, ¶µ ´¨³ ¢µ¸¸É ´ ¢²¨¢ ÕÉ¸Ö
 ³¶²¨ÉÊ¤  ¨ ¢·¥³Ö ¶·¨Ìµ¤  ¨³¶Ê²Ó¸ . „²Ö ±µ´É·µ²Ö §  ¸µ¡¸É¢¥´´Ò³¨ ÏÊ³ ³¨
ËµÉµÊ³´µ¦¨É¥²¥° ¢ ¸Ì¥³¥ ¥¸ÉÓ ¤¨¸±·¨³¨´ Éµ·.

7.5. ’¥¸É¨·µ¢ ´¨¥ ¸Î¥ÉÎ¨±  ´  ¶ÊÎ±¥. ‚ 2000 £. ¡Ò²µ ¨§³¥·¥´µ ± Î¥¸É¢µ
π/K-· §¤¥²¥´¨Ö Éµ·Í¥¢µ£µ ¸Î¥ÉÎ¨±  (˜ˆ” ´  ¢Éµ·¨Î´ÒÌ ¶ÊÎ± Ì ¶·µÉµ´-
´µ£µ ¸¨´Ì·µÉ·µ´  ¢ "ˆŸˆ („Ê¡´ ) [45]. ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¢¥Éµ¸¡µ·  ¡Ò² 

#¨¸. 20. ˆ§³¥·¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ²µ¦´µ°
¨¤¥´É¨Ë¨± Í¨¨ ¶¨µ´µ¢ ¨ ± µ´µ¢ µÉ  ³-
¶²¨ÉÊ¤Ò ¤²Ö ¨³¶Ê²Ó¸µ¢ P = 0,86 ƒÔ‚/c
¨ P = 1,2 ƒÔ‚/c

¨§³¥·¥´  ´  ¶ÊÎ±¥ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó-
¸µ³ 0,86 ƒÔ‚/c ¶µ ¢¸¥° ¶²µÐ ¤¨ ¸Î¥É-
Î¨± . ,¥µ¤´µ·µ¤´µ¸ÉÓ ¸¨£´ ²  ¸µ¸É -
¢¨²  ±15%.

,  ·¨¸. 20 ¶µ± § ´Ò ¢¥·µÖÉ´µ¸É¨
²µ¦´µ° ¨¤¥´É¨Ë¨± Í¨¨ ± µ´µ¢ ¨ ¶¨µ-
´µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¶µ·µ£  ´   ³¶²¨-
ÉÊ¤Ê ¸¨£´ ² . „²Ö ¨³¶Ê²Ó¸  0,86 ƒÔ‚/c
¶·¨ ¶µ·µ£¥ 0,05 ËµÉµÔ²¥±É·µ´  ±µÔË-
Ë¨Í¨¥´É ¶µ¤ ¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 900
¶·¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ-
´µ¢ 94% (· §¤¥²¥´¨¥ 4,7σ). +·¨ ¨³-
¶Ê²Ó¸¥ 1,2 ƒÔ‚/c ±µÔËË¨Í¨¥´É ¶µ¤ -
¢²¥´¨Ö ¶¨µ´µ¢ · ¢¥´ 1300 ¶·¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± µ´µ¢ 90%
(4,5σ).

‚·¥³¥´´-µ¥ · §·¥Ï¥´¨¥ ¸Î¥ÉÎ¨± 
(˜ˆ” ´  ¶¨µ´ Ì ¸ ¨³¶Ê²Ó¸µ³
0,86 ƒÔ‚/c ¸µ¸É ¢¨²µ στ = 2 ´¸ [39].

7.6. „µ²£µ¢·¥³¥´´ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¸Î¥ÉÎ¨±µ¢. ˆ¸¸²¥¤µ¢ ´¨¥ ¤µ²£µ¢·¥-
³¥´´µ° ¸É ¡¨²Ó´µ¸É¨ ¡Ò²µ ¶·µ¢¥¤¥´µ ´  20 Éµ·Í¥¢ÒÌ ¸Î¥ÉÎ¨± Ì, ¸µ¡· ´´ÒÌ
¢ 1999Ä2000 ££. ‘Î¥ÉÎ¨±¨ ´ Ìµ¤¨²¨¸Ó ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ¸ 2000 ¤µ 2003 £.
+¥·¨µ¤¨Î¥¸±¨ ´  ´¨Ì ¶µ¤ ¢ ²µ¸Ó ¢Ò¸µ±µ¥ ´ ¶·Ö¦¥´¨¥, ¨§³¥·Ö²¨¸Ó ÏÊ³Ò
”.“, § ¶¨¸Ò¢ ²¨¸Ó  ³¶²¨ÉÊ¤´Ò¥ ¸¶¥±É·Ò. ‚¸¥ ¸Î¥ÉÎ¨±¨ É¥¸É¨·µ¢ ²¨¸Ó ´ 
±µ¸³¨Î¥¸±¨Ì Î ¸É¨Í Ì ¤µ ¶µ¸É ´µ¢±¨ ¢ ¤¥É¥±Éµ· ¨ ¶µ¸²¥ ¸´ÖÉ¨Ö ¸ ¤¥É¥±Éµ· .
‡ ¢¨¸¨³µ¸ÉÓ Î¨¸²  ËµÉµÔ²¥±É·µ´µ¢ µÉ ¢·¥³¥´¨ ¤²Ö µ¤´µ£µ ¨§ ¸Î¥ÉÎ¨±µ¢ ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 21. + ¤¥´¨¥ ¸¨£´ ²  µÉ ¢·¥³¥´¨ ¸É ¡¨²¨§¨·µ¢ ²µ¸Ó ´  ¶² Éµ
´  Ê·µ¢´¥ 66% µÉ ¶¥·¢µ´ Î ²Ó´µ£µ, Î¨¸²µ ËµÉµÔ²¥±É·µ´µ¢ ´¥ ³¥´Ö²µ¸Ó (¢
¶·¥¤¥² Ì ∼ 10%) ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ¶ÖÉ¨ ²¥É.

6 p.e. per counter on average
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dE/dx in straw tubes

 60 layers = 30 (Z), 30 (Tang).     Radially:  86cm - 27cm = 59cm

PANDA

Time-of-Flight system (TOF)
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Figure 11.9: Reconstructed mass vs. particle momentum for pions, kaons and protons.
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Figure 11.10: p/K (a) and K/p (b) separation power of the TOF system as a function of particle momenta
and emission angle.

Muons are identified in the RS. The system is expected to separate showers from strongly interacted2919

pions and muon tracks (using standard or machine learning techniques.) The main background are2920

muons from pion decays and pions that passed large distance in the RS. The pion decays result in a small2921

kink of charged track (about 2�), and the decay muon retains from 60% to almost 100% of the initial pion2922

energy. There is a possibility that a fraction of decay muons can be suppressed by search of a kink in2923

the tracker or by considering correlation between particle momentum and amount of material it crossed.2924

But the results in this section are based on a simplified model (gives a lower performance boundary). A2925

particle is identified as a muon based on the amount of material it passes in the active part of the RS, this2926

amount is given as a number of proton nuclear lengths (nl ). Two possibilities are considered: a particle2927

from the initial interaction and a muon from a pion decay (the pion must be from the initial interaction).2928

In the latter case, if pion decays in the RS, the amount of material is added for pion and muon.2929

It clear that higher running energies are preferable for physics with charmonia due to higher production2930

cross-section, stronger boost for pions and more energetic muons. All estimates in this section assume a2931

70ps resolution was assumed

For MRPC see TOF-TDR of MPD/NICA
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• Bunch crossing every 76 ns   →  crossing 
rate 12.5 MHz


• At maximum luminosity of 1032 cm-2s-1 the 
interaction rate is 3MHz


• No hardware trigger to avoid possible biases


• Raw data stream 20 GB/s or 200 PB/year


• Online filter to reduce data by oder of 
magnitude ~10 PB/year
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Table 8.1: Required SPD computing resources

CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year
Cost estimate [kUSD] 4000 8000 4500 per year

The effective use of these computing resources may provide a significant improvement in offline data
processing. However, the offline software should be capable to do it by taking advantage of concurrent
programming techniques, such as vectorization and thread-based programming. Currently, the SPD
software framework, SpdRoot, cannot use these techniques effectively. The studies of the concurrent-
capable software frameworks (e.g. ALFA [474], Key4Hep [475]) are needed to provide input for the
proper choice of the offline software for Day-1 of the SPD detector operation, as well as a dedicated
R&D effort to find proper solutions for the development of efficient cross-platform code.

A git-based infrastructure for the SPD software development is already established at JINR [476].

5 Resource estimate

For the online filter we assume the CPU consumption of 1000 SPD events/core/second. This requires
3000 cores simultaneously for the fast tracking. Taking into account additional expenditures to the event
unscrambling and data packing and including a real efficiency of CPU which will be lower than 100%,
one derives the CPU resources for the online filter as 6000 CPU cores. This number sets the upper limit
and the required computing power may decrease substantially if an efficient way to use GPU cores is
implemented for the event filtration. As for the data storage, a high performance disk buffer of 2 PB
capable to keep data of about one day of data taking is needed.

For the offline computing, the data storage is determined by the data rate after the online filter, or 4
PB/year of raw data. Besides that, we may expect the comparable amount of simulated data and estimate
the long term storage as 10 PB/year, assuming two cycles of data processing and possible optimization
of the data format and data objects to be stored permanently. We assume that a half of the annual data
sample (⇠5 PB) is kept on disk storage, and the rest is stored on tape. The CPU power necessary to
process the amount of data like this and to run Monte-Carlo simulation is estimated as many as 30000
CPU cores. The summary of computing resources is given in Table. 8.1. The cost estimate is conservative
and will be defined more exactly in the TDR, when detailed hardware solutions and their actual price in
the market will be considered.

The burden of the SPD computing system operation is a subject of sharing between the computing centers
of the participating institutes.


