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POLARIZED BEAMS AT NICA

d1- was accelerated in 1986 (Synchrophasotron) i, *Inmnsicres. v = kot .

and 2002 (Nuclotron). It is quite simple
procedure: there 1s just 1 depolarizing spin
resonance at 5.6 GeV.

p - was first obtained only in 2017,
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SPD INTERNATIONAL COLLABORATION

32 institutes from 14
states, ~300 members
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CONCEPT OF THE SPD PHYSICS PROGRAM

SPD - a universal
facility for
comprehensive study of
gluon content in proton
and deutercn .
large x
Prompt photons Other

Open charm thSiCS

Charmonia

Other spin-related
phenomena




SPD Physics Program
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SPD Physics Program
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SPD Conceptual Design Report

CDR was presented on the meeting of the JINR Program Advisory Committee
for particle physics on Jan, 18
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Version 1.0
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WHY GLUONS?

We cannot compete with SIDIS experiments in the study of
the quark content of the nucleon
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In the p'p! mode:
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3D STRUCTURE OF THE PROTON

xR, GP D . XPZ
PZ bX I:)Z
z . g
Collinear Generalized Parton
approximation Distributions
(common PDF)

N

TMD PDFs

xR,

Transverse Momeni‘um
Dependent PDFs

3D structure of
nucleon

connection to
orbital moment
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TMD PDFS
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GLUON PDFs .
arX1v:2011.15005

Gluon helicity

GLUONS \ | ,,,polarized

Unpolarized gluons at high x Gluon Boer-Mulders

in proton and deuteron function
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GLUON PROBES AT SPD

--------------------------------------------------------------------------------------------------------
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GLUON PROBES AT SPD

not only J/y!

™ Sharp signal Model-dependent
Relatively large cross probability for
section cC — [cC]

Challenging experimental
requirements
Model-dependent
fragmentation functions

Largest cross section

Strong background

Almost no fragmentation :
especially at low pr
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CINEMATIC RANGE
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CHARMONIA PRODUCTION
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PROMPT PHOTON PUZZLE
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UNPOLARIZED GLUONS IN PROTON AT HIGH x
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GLUON HELICITY FUNCTION Ag(x) : SPIN CRISIS

S =% =% AT +AG + L
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GLUON HELICITY FUNCTION Ag(x)

e COMPASS, all-p, Q°>1 (GeV/c)’, 2002-06
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GLUON HELICITY FUNCTION Ag(x)

accessible with SPD Phys.Rev.Lett. 113 (2014) 1, 012001 FEJC
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GLUON HELICITY FUNCTION Ag(x) - EXPECTATIONS FOR Ay
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GLUON-INDUCED TMD EFFECTS : GLUON SIVERS FUNCTION A (x.ki)

1) Collinear factorization + three- TMD
parton correlations in twist-3

2) TMD factorization

Different <kr> for quarks
and gluons?

Sivers effect: left-right asymmetry of LEFT
unpolarized kr distribution in

transversely polarized nucleon ﬁ * - °

Sivers effect

RIGHT

Collins effect

- due to fragmentation of polarized quark 2



GLUON SIVERS FUNCTION Ai,(x.kr)

o.os: | T " + Phys.Rev.D 90 (2014) 1, 012006
+ PHENIX

.....

p,r(GeWc)
First k,-moment of the gluon Sivers function JHEP 09 (2015) 119
100 ——— : S : —— 100 — —
5 APl in=10% ; ; AP =10%
10| Ay ppin= 2% ’ 10 L AY°lmin= 2% |
Ref. [2] o 3 Ref.[2]
To 01} Zo 0.1}
s =
<] ¥ Y 1 =]
0.01 ¢ ':'-'-. E 0.01 1
0.001 _ DSS-SIDIS2 _ 0.001 _ KRE-SIDIS1
0.0001 - - 0.0001 - '
0.01 0.1 0.01 0.1 27



GLUON-INDUCED TMD EFFECTS : EXISTING RESULTS FOR Ay

Phys.Rev.D 95 (2017) 11, 112001

Phys.Rev.D 98 (2018) 1, 012006
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... AND AT NICA ENERGIES

Phys. Lett. B 345 (199)5)

< 08F 25<p.<3lGeVie
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GLUON-INDUCED TMD EFFECTS: EXPECTATIONS FOR Ay

Sivers effect contribution
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GLUON-INDUCED TMD EFFECTS : BOER-MULDERS FUNCTION hy-9(x,kr)

gg — DD, yy, Jlyy, ...

The hadronic cross section can be written with corrections of order O(oc/S) in

the form |D. Boer, P. Mulders, C. Pisano, 2008§]

d DDX) .
TR Tl = TEE [A(Q%) +B(QZ)Q% cos2(py — 1) |+

+C(Q32.)Q% cos4(dg — ¢‘K)]

Qr = k17 + ko, Kt = (ki1 — ko) /2

A: flefl ffef],
1 1L g Mé) 1
B: hy'@hy Y, Wff@hlg,
1
C: hi9@h9. o
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UNPOLARIZED GLUGNS IN DEUTERON AT HIGH x

G"( x) (GRV98, 1e=1GeV) —

‘gf i GP(%) (GRV9B. 1e=1GeV)
10}
'} == —=—__  Phys.lLett. B783(2018) 287-293
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o 090 0.2 c4 06 cB 1

Fig. 6. Gluon PDF in the deuteron and in the nucleon.

|6g) = ¢ [NN) + ¢, | AA) + ¢5| CC) *
/

hidden color up to 90% at some models!
G. A. Miller, Phys.Rev. C89 (2014) no.4, 045203
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GLUON TRANSVERSITY Agr(x) IN DEUTERON

Unpolarized distribution functions
q=0q.+q’ g=9.+9.

Transversity function is
related to spin-flip amplitude
but As=2 1is impossible in
LO for spin-1/2 hadron.

Sh. Kumano for DY:
Arg(x) = Ag(x)

Exy

Transversity distribution functions a :

Aq=0q:-q,

Helicity distribution functions

Aq=ql-q Ag=g.-g°

—
—
—
— —
— - —
— o - w— - W= ="
———
— -

L U
But it nonzero gluon transversity is

. I’ * e AAnitrnesmor Aasn £~ V00 s eaeas q,.:l).ZGeV
possible already in LO in deuteron due to o o
non-nucleonic gluon component! It could ’ D

. : 10 20 30 4 S0 60 70 80

be accessed via double transverse spin M3 Gev)
asymmetry!

33



RATES FOR MAIN PROBES

027Gev: | O135Gevs | Nargev:  Ni3saev

Probe nb (xBF) | nb (xBF) | 10° 10°
Prompt-y (pr > 3 GeV/c) 35 2 35 0.2
I/ 200 60

T 12 3.6 12 0.36
w(25) 25 5

STy n s u Tt 0.5 0.1 0.5 0.01

S U 0.2 0.04 0.2 0.004
Xet T X2 200

—Syl/y—=yu Ty 2.4 2.4
Ne 400

— pp 0.6 0.6
Open charm: DD pairs 14000 1300
Single D-mesons

D™= K2 (D" =K7277) | 520 48 520 4.8

D’k @ sKn) 360 33 360 3.3 y




OTHER TASKS RELATED WITH THE PARTONIC STRUCTURE

Tensor structure of deuteron:
Spin-1
System

STSA with light hadrons —
contribution to global fit of

quark TMDs
+1
g 0.0
_E‘ -0.1 -‘_"\:--
8 -0.2F M

1 1 1 1
02 04 06 08 ¢

0.0 004
8 \ u
§§-o.o2 ) 002} f7
= -1 :;' &= JAM20

—~0.04 0.00

=P T: o1 o6 X
New structure functions: b,bz,b3,b4

Access to quark and gluon GPDs




arXiv:2102.08477

PHYSICS OF THE FIRST STAGE OF SPD RUNNING

Non-perturbat Perturbative QCD

Spin effects in p-p, p-d and d-d elastic scattering \/E
Spin effects in hyperons production

M.ultiquark correlations pp — (6q)* —+ N N Mesons,

Dibaryon resonances

Physics of light and intermediate nuclei collision

Exclusive reactions

Hypernucei dd — K" K" \xn,

Open charm and charmonia near threshold
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» Auxiliary measurements for astrophysics
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Charmonia

SPD DETECTOR

Vertex Detector ¢3lorimeter (ECal) 0 pen charm

Straw Tracker (VD) | ECal Endcap
~ ’ PID Endcap

(PID) (ST
Range System TOF or Aerogel \
(RS) 7

‘ Beam pipe

A
S
'

" Sol magnet

TR Endcap

RS Endcap

6.5 m

fe
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MAGNETIC SYSTEM

6 superconductive solenoidal coils inside
the ECAL:

* compact
e 1 T at the beam axis

* Z-optimization

Field 181 [kG], o= 0.00 [deg]

R [cm]

Still 2 options
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5 layers of Double-Sided
Strip Detectors

Barrel DSSD

Goals: Endcap MAPS

* Reconstruction of secondary vertices for D-mesons decay

* Participation in track reconstruction and momentum measurement
Requirements:

e Spatial resolution <100 um

* Low material budget

* Has to be installed as close as possible to the IP

Straw tracker Goals:
9 Carbon fiber 30 double * Track reconstruction and momentum
c /frame layers of straw measurement
' ) Carbon (x2 zoom) * Participation in PID via dE/dx measurement
,23_5_0 - capsule Requirements:

* Spatial resolution ~150 um
* Low material budget

 Operation in magnetic field of about 1 T
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some R&D 1is still needed

PARTICLE IDENTIFICATION SYSTEM

TOF system Aerogel-based PID
mRPC-based Scmtlllator—based E 1_052_ :‘ KEDR (w/K) . ) - :21]
E 1.04:— L \\}\(ﬁ
1.023— \\__ SPD (7/K)

| - 2 25p [GeV/Cj3
Goals: & ] ”
*1/K separation up to ~1.5 GeV = T - :
* K/p separation | m —
* to determination A /
Requirements: Goals:
e Time resolution ~60-70 ps * t/K separation up to 2.5 GeV range

Requirements:
* We should have enough light!
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ELECTROMAGNETIC CALORIMETER

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

3520 440
“Shashlyk”-type: 200 layers of
; scintillator (1.5 mm) and Pb (0.5 mm)
40
18.6Xo g
R
3502
1946 3002 .
2166 =f MIP signal
zooi o=10%
1505-}
wof-S 1,
Ef W,
50:' )1\‘_
Goals: Ny

E, MeV

* Detection of prompt photons, photons from n0, n and y. decays

* [dentification of electrons and positrons, participation in muon identification
Requirements:

* Granularity ~4 cm

* Low energy threshold (~50 MeV)

* Energy resolution ~ 5 % /\/E 4



RANGE (MUON) SYSTEM

....................................................................................

Goals:

* Muon identification

* Rough hadron calorimetry

* Yoke of the magnetic system
Requirements:

*should have at least 41,

35 mm - gaps for MDT detectors |

[ 15 x30 mm / Fe ‘

Event examples at 5 GeV/c
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LOCAL POLARIMETRY AND LUMINOSITY CONTROL

Local polarimetry | N
0 ® 8=200 GeV - 0.4
* Charged particles in BBC I "y " ey _
. <z [ % % ]
* 10 in the end-cap part of ECAL o1 S 0.2
* Neutrons in ZDC tp X Theoy CF
gt
Beam-Beam Counter 0 0.1 th;éev) 03 04
scintillator-based outer part —0.2
Requirements:
* Qperation inside the beam pipe ~ —0.4
(inner part)

e Time resolution ~1 ns (inner)
and ~400 ps (outer part)

1779

QFF4W QFFSW QFF6W
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s
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O
ve
= P ]
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i | | E*

0 0.2 04 0.8 0.8

Xp

Zero Degree Calorimeter
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I >
. MC31W1  BV3W1

¥
¥
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W-absorber
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DAQ & COMPUTING

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Offline

JINR LIT

Tier 1. LIT CICC

Long term
Disk storage

M SS
sto g

[ TTT IIII|
K
-
o

I

Cmpu‘t ng

Tier 2. HPC «Govorun»

| SPD CMS Online (DAQ, DQM) /
............................................ ‘ after on: lneﬁ ter— ‘ ‘
o ‘CDF i

44444444444444444444444444 c OMPASS‘ )

storage

SSSS

Tier 2. JINR Cloud

DAQ,

External collaborator

5 OPAL Event building E i— i
........................................... ‘BELLEI

«Online» SW filter,
DQM

IIIIi 1 | N I I I | 1 | I N I T I |
10* 10 10° 10’

Event size (Bytes)

CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9O per year
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DETECTOR PERFORMANCE
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Spatial resolution for secondary D° decay vertices
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Events / 40 MeV

PHYSICS PERFORMANCE: GLUON PROBES (1 YEAR=107 S)
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PHYSICS PERFORMANCE: ACCURACIES
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PHYSICS PERFORMANCE: ACCURACIES
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IMPACT OF SPD MEASUREMENTS T0 THE WORLD DATA FOR Ag(x)

—— DSSVMC
0.10F B DSSVrew
0.05F - Ag(.’c)

Q? = 10GeV?
0.00F
1.5}
1.0}
o5l Ag(z)/Ag(x)pssvia

10~
« Vogelsang, Sassot, Borsa
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TENTATIVE RUNNING PLAN

non-nucleonic structure of deuteron,

“Tensor porlarized” PDFs

Physics goal Required time Experimental conditions
First stage

Spin effects in p-p scattering 0.3 year Prr-Pors V'8 <7.5 GeV
dibaryon resonanses
Spin effects in p-d scattering, 0.3 year yonsor=P> 'S <1.5 GeV
non-nucleonic structure of deuteron,
P yield
Spin effects in d-d scattering 0.3 year rprsor-Brenvors V5 <1.5 GeV
hypernuclei
Hyperon polanization, SRC, ... together with MPD ions up to Ca
multiquarks

Second stage
Gluon TMDs, 1 year pPr-Pr. Vs =27 GeV
SSA for light hadrons
TMD-factorization test, SSA, | year pr-pr. 1 GeV< /s <27 GeV
charm production near threshold, (scan)
onset of deconfinment, p yield
Gluon helicity, 1 year Pi-Pr. /s =27 GeV
Gluon transversity, | year & ensor-Liensor /San = 13.5 GeV

(lr/ﬁnl.l? drensor'pT’ 4 /SNN = ]9 Gﬁv

= 5 years

of data taking
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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 \/E <27 GeV

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

» SPD can contribute significantly to investigation of

O gluon helicity;

O gluon-induced TMD effects (Sivers and Boer-Mulders);

O unpolarized gluon PDFs at high-x in proton and deuteron;
QO gluon transversity in deuteron.

OOOQ

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

» SPD CDR could be found at arXiv:2102.00442 for more details.

» More information could be found at http://spd.jinr.ru
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