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Spin Physic Detector @ NICA

NICA - Nuclotron-based lon
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D. Gross and NICA
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NICA landscape
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NICA landscape
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Strong pressure
> 13. 6 24 NICA technologlcal launch

———

» Beam circulation - summer 2025
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Polarized beams at NICA

Ig(whwp) 1.Intrinsic res. vy, = kp + v, |9)(V_V/Wo) 2.Integer res. vy, = k
dT- was accelerated in 1986 (Synchrophasotron) i
and 2002 (Nuclotron). It is quite simple J 1
procedure: there 1s just 1 depolarizing spin 2 4 6 s _mow 132 &+ ¢ 5 u =
resonance at 5.6 GeV. o | Wo=7310+ £, . GeV
(@) (b)
pT- was first obtained only in 2017. o) o f";uie:fe,”;d ko i) v s Mk
E, . GeV : E, A GeV
. 2 4 6 f 10 l12 2. 4 6. f plO b
Source of Polarized Ions: SN Je J T R [
S 16
HO A + D-|— N H+ A + DO -2} Wp = 7.3-10 vy=6.8 -2t Wp = 7.3-104 v,=6.85
DYt + Ht > DT+ + HY B Longitudinal polarization in the IP can be
= supported at the integer spin-resonances
Charge-Exchange lonizer B Atomic Beam Source . . 1
B> 4 an _ ¢ For protons: Ei»=(0.108+0.523n) [GeV]

" ““ ¢ For deuterons: Exin—(5.62+6.56'n) [GeV/u]
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Proton as a composite object

A/ ? magnetic moment e — e s
Hg = 8s X =— X5
2m

gs (expected) | gs (measured)

-2 -2.0023
2 5.58
0 -3.83

| 930-s

It seems that nucleons are not point-like
structureless objects!
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Proton size and structure

| T T T T l T -
i g-10" | J. Friedman, H. Kendall, R.
F\ - —W-2 Gev | Taylor - Nobel Prize in
R. Hofstadlter - S e 1990
Nobel Prize in 0" | !
1961 e e :
o “
\22 |0-2r___— \ =
PROTON E \ 2
Loord EXPONENTIAL MODEL ___ E A 1
080 : - N
:;g 0L N ELASTIC |
00 —_ -~y ) \_SCATTERING E
" . !R//r‘ =fm = 0.80 x 10" &M 5 \ ]
03— —— i, . SLAC-MIT team - i
00— 0 eV i "4 q 1 ! ! .
::;‘:g:;‘: b i S | 2 3 a . ¢ 7
o..s—x-slso MEV *I\i{\ <I|2 (GEV/C)E
T s e s o Partons - point-like objects inside the proton
en from ref. [13] q?
Form-factor
do  do 5, 5
= X Fq) Partonic model -1969
dQ dQ| .
point-like
R. Feynman
, g <r*>
Flg )~ 1-— >
67
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Quantum ChromoDynamics - QCD

q q9 g g V(r) 4
g
g g

q q Analog in electrodynamics: light

< - - emitting light ! :
& & qq potential
0 ! 0
@ ®C @ Quark confinement at large scale

but asymptotic freedom at below 1 fm

D.Gross, D. Politzer, F. Wilczek
- Nobel Prize in 2004
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Problem to describe hadrons ab iInitio

QCD is the true theory of the interaction between
quarks and gluons. However, the possibilities to obtain
quantitative predictions on its basis are limited.

Sept. 2013
Ae.m. = 1/137 v tdecays (N3Lo)
Lattice QCD (NNLO)
a DIS jets (NLO)

o (Q)

03¢} 0 Heavy Quarkonia (NLO)
o e'¢ jets & shapes (res. NNLO)
e / pole fit (N3LO)
v pp —> jets (NLO)

002 =

Particle Data Group 2013

0.2
ro~ f
0.1+t QlGeV]

1, Unlike the hydrogen atom, we

— QCD 0,(Mj) = 0.1185 % 0.0006 cannot (yet?) describe from first
1 10 0 [GeV] 100 1000 principles the structure of

hadrons and their interactions at
low energies
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Factorization theorem

71'0
proton h A
: A renmant T
A -
/ Fragmentation
ot X - fraction of the proton
Daen;: momentum carried by
/ parton
Q - typical scale of the
energy transferred in the
hard process
B : 70
71-0

OAB—hX = 2 dxadxbf(xcv Qz)f(xb’ Qz) X 6ab—>cd(xa’ Aps Qz) X Dcd—>h

a,b=q,q.8 *
Q2>>1 GeV2/c2
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Parton Distribution Functions

Parton Distribution Functions PDFs f(x,Q?) describes probability for given
Q? to find inside the proton a parton carrying momentum fraction x

0'9 1 T IIIIIIII 1 L] llllll'l L] 1 lllllll' L] 1 llllllll T L]

08 NLO KKT12
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0.5
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.“ v
0.3
0.2 xd
0.1 L
lll N
10° 10 10° 10 10°

PDFs are universal, they are independent on the hard process

PDFs cannot be calculated in QCD from the first principles!

Alexey Guskov, Joint Institute for Nuclear Research



Parton Distribution Functions

Q?=10* Gev2_3

g/10

Z/dqu,-(x) — il

_: q; momentum
: dy 0.111
] Uy 0.267
i ds 0.066
\ Us 0.053
AP IR BT, o SS 0.033
10° 102 10 1 Cs 0.016
" total 0.546

g = [-0.546 = 0.454

Sea partons becomes more important at

high Q-
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How to access PDFs ?

Deep Inelastic Scattering Hadronic interactions
0 = [aq(x)dx 0 = J[UQA(XA)QB(XB)dXAde
/ /

CTEQ Collaboration
JAM Collaboration
DSSV Collaboration
NNPDF Collaboration
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Polarized proton

f(x) Unpolarized PDF
~ unpolarized DIS
Af(X) (D - .@;“» Helicity
o polarized DIS
ottt — gt
A4 ﬂ A= ottt + 07" ~ A
Axf(x) (i)) B (9 ) Transversity
| 1 polarized SIDIS

P Azimuthal asymmetryes Ay
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Spin crisis

EMC experiment,
CERN 1988

Quark
contribution to the
proton spin is

_ below 30%!
Naive quark model
1 Z ( I) Real situation
2 e 2 L - orbital moments of quarks

and gluons

S =% =% AT +AG +L
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| ~30% T
LS el
2 ~10-20%

Lattice QCD

m L* (CI + DI)
m L¢ (CI + DI)
0 L* (DI)

H JI
AD u+d+s
H S

e

04 HEE 2 Aut | - 39(15)%
) | - rAd* | K.-F. Liu, NP A928, 99 (2014).
. B \
B rAs™ | . .
0.2¢f

Y. Zhou et al (JAM) Phys. Rev. D 105, 074022 (2022)

o1l TR SU® — SU@ b
0.0 1 :

—0.1}

0.4 1

\
\
l

0 de 01,03 05 07 5
JAM Collaboration, PRD (2016).

To access angular
momenta info about 3D
structure 1s needed!
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| ~30%

Lattice QCD
J = iAZ + AG + Lq T LQ m L* (CI + DI)
~10-20% N 5530 m L (CI + DI)
| , 0 L* (DI)

~50% ! ‘
o enli
FOI’ Solar System K.-F. Liu, NP A928, 99 (2014).

SOLAR SYSTEM

g o
. °

98% is angular moment!
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3D-tomography of proton

Wigner Distributions

A
TMD & ¢ wak,r) o, GPD

.
*®
-
-
\ .
. .*
.
e *

5 dx
dk,
v Y
Parton Distribution Functions Form Factors
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TMD PDFs

Nucleon Spin Polarization

NO

-
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e

A Number Density Sivers
. § q q

= g1L 21T
— -

S (o -(op
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<& Boer-Mulders Worm-Gear L lT

Pretzelosity

72 kr

ﬂﬂ St
11 st

5 additional
(TMD) functions
describing the
correlation
between the
nucleon spin,
parton spin, and
parton
transverse
momentum.
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TMD effects: Sivers effect

Probabilities to meet in a transversely polarized proton a parton moving to
the left and to the right with respect to the (S, p) plane are different!

u quark d quark
x5

0.5

LEFT

W -
O
x=0. é .
RIGHT

0.5 0 0.5 -0.5 0 0.5

ky (GeV)

_ /
02| ‘ | do(k)—do(—k)
.| E704 | The Sievers effect is usually observed
| - together with the Collins effect, an
o asymmetry arising from the
 xxE fragmentation of the final state.
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EMC-effect

EMC collaboration, 1982 The nucleon "knows"
| R which nucleus it is in!
| O BCDMS (Fe) | qqg exchange
19 L * SLAC E139 (Fe) i
, * EMC (Cu)
\oo | 23 [
< 4 ér.i(%?ﬁx}_é’ o ! Gluon exchange
Gt T 0 T B
0.8 —} 1 1 | 1 1 | '%916 ? 1 | _ Reduced N mass

0O 01 02 03 04 05 06 0.7 08 09 1

NN correlations Shadowing
X Multiquark bags

Open questions:

e flavour-separated EMC-effect
® g¢luon EMC-effect
® polarized EMC effect
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Deuteron

S + D waves

6g) = ¢ INN) + ¢,] AA) +{c; | CC))
hidden color

In some models the HC
fraction is up to 90%!

re) [ J Ratio qeuteron/qroton

Deuteron is not just
proton + neutron!

GI(x) (GRV9S, up=1GeV) —— |
GP(x) (GRV98, pg=1GeV) ~ - - -

—

Q.
1.05
Q) /
AN 1
p—3
x

0 0.2 0.4 0.6 0.8 1
X

More gluons at large x with respect to nucleon?
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Deuteron as spin-1 particle

nucleon
-1/2

deuteron

x6,f(x)

0.006

G el
e

+1/2

0.004
; x0,u=x0,d=x0_5
0.002- -

- = = = 02=25 GeV2
02=30 GeV2

0 1!
-0.002

-0.004

-0.006-

0.01 i

P

Vector polarization
N 12 N. —1/2
Nip+ N_ip
Tensor polarization

0.004

ONy— (N_, + N,)
2Ny + Nyjp + N_yp

New 11 “tensor” PDFs, mostly unknown

-0.002 —

-0.004

® Hermes \ ,’

— — — Kumano (no 8 gbar)

Miller (1988)
Miller (2010)

Kumano (3,gbar contributes)

l | | IIIlIlI

0.001

111 1 | 1 | |
0.01 0.1 1
X
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SPD and others

x  F . SPD(NICA JINR) AFI._E.fc&éggﬁ?ms

5 - ISA;;I::I/EII pT—pT o pt -

LI L e R R S mnd
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070 Brotvine) o -1 b

§ p;T— p:t

ool ome [ S f pewesa
= (COSY, Julich) - : g NRE Y SR T VI,
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10%°
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Spin Physics @ NICA

we plan to study how the
proton and deuteron
spin/!

'['
'''''

((((((

especially their
gluon component!

Gluon TMD PDFs via
asymmetries and angular
modulations in the cross
sections
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SPD and gluon structure of nucleon

Not only J/y!

T/ 3

|/||||||||||||||||||||||||
vs(GeV)
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SPD gluon program

JPPNP: 103858 Model 3G pp. 1-43 (col. fig: NIL)

Progress in Particle and Nuclear Physics xxx (XxxX) XxX

arXiv:2011.15005

journal homepage: www.elsevier.com/locate/ppnp

Contents lists available at ScienceDirect

Progress in Particle and Nuclear Physics

Review

On the physics potential to study the gluon content of proton

and deuteron at NICA SPD

A. Arbuzov ?, A. Bacchetta >¢, M. Butenschoen ¢, F.G. Celiberto >,

U. D’Alesio ", M. Deka ?, I. Denisenko 2, M.G. Echevarria', A. Efremov ?,
N.Ya. Ivanov®, A. Guskov ®** A. Karpishkov’?, Ya. Klopot ™, B.A. Kniehl ¢,
A. Kotzinian’°, S. Kumano?P, J.P. Lansberg 9, Keh-Fei Liu ", F. Murgia ",

M. Nefedov!, B. Parsamyan ™°, C. Pisano &", M. Radici ¢, A. Rymbekova?,

V. Saleev'? A. Shipilova?®, Qin-Tao Song?, O. Teryaev?

2 Joint Institute for Nuclear Research, 141980 Dubna, Moscow region, Russia
b Dipartimento di Fisica, Universita di Pavia, via Bassi 6, I-27100 Pavia, Italy
©INFN Sezione di Pavia, via Bassi 6, I-27100 Pavia, Italy

d]I. Institut fiir Theoretische Physik, Universitit Hamburg, Luruper Chaussee 1
€ European Centre for Theoretical Studies in Nuclear Physics and Related Area
f Fondazione Bruno Kessler (FBK), 1-38123 Povo, Trento, Italy

& Dipartimento di Fisica, Universita di Cagliari, I-09042 Monserrato, Italy
f‘INFN Sezione di Cagliari, I-09042 Monserrato, Italy

On the physics potential to study the gluon content of proton and deuteron at
NICA SPD

A. Arbuzov (Dubna, JINR), A. Bacchetta (Pavia U. and INFN, Pavia), M. Butenschoen (Hamburg U., Inst.
Theor. Phys. ll), F.G. Celiberto (Pavia U. and INFN, Pavia and ECT, Trento and Fond. Bruno Kessler, Povo),
U. D'Alesio (Cagliari U. and INFN, Cagliari) et al. (Nov 30, 2020)

Published in: Prog.Part.Nucl.Phys. 119 (2021) 103858 - e-Print: 2011.15005 [hep-ex]

pdf ¢ DOI [= cite [[d reference search %) 51 citations
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SPD and others

104 | | | 11 ||| | | | I T 1T T | | | |1 |:
- LEMC s COMPASS-OC R @00 -
. aSMC o STAR-W* AFTER - i
[ oSMClowx » STAR-jets i -
103 — =E143 «  PHENIX-jets &" . i i
g‘ - eE154 B NICASPD : N
Q | xE155 EIC ] S 1o
O ° L
=0 *COMPASS-D 1% I
0 102 - vCOMPASS-P — i
- .HERMES97 - :
-~ AHERMES i !
1 1 1 1 1 l' 1 1 1 geupny lll 3
10 — 2 10° 10 . 10” 1
I & _ 2 =1 GeV?/c? =0.16
- . O = eV</ce, < x> =0.
[ 6 b4 —
*
2 271 .2
| ot xe A B 0O =10 GeV</c*, <x>=0.3
1 — | | | | I | | | | | I | | | | | | I
10° 10 X 10"
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QCD landscape & SPD

saturation ”
-~
’r region -

log (1/x)
non-perturbative

‘Q NICA SPD

T BFKL

DGLAP o
S —

log (Q?)
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Charmonia production

g==— Our work, direct Jhp
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Fractional uncertainties

16

g(x,n) at p =2 GeV

14

12 F

Combined HERA set
Separate HERA sets

o9
ol

D

open charm
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Prompt photon puzzie

- x WA70 pp
4" m UA6 pp INCNLO or JETPHOX

v E706 pp /530 =L=MF=pt/2
E706 pp /800 CTEQ6M N=326 MeV

UAG Bp frag BFG Il Z

R110 pp

R806 pp

AFS pp

PHENIX preliminary pp
DO pp

v CDF pp—yX Vs=1.8 TeV

Data / Theory
@ O &+ < » [ P>

1
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Gluon helicity function Ag(x) :

expectations for at NICA energies

SPD -NICA, /s =24GeV, |y | <2
s - - - - - - O

gg — Jlyg

0.2

AL

o M. Nefedov

0.0

S R W. Vogelsang

pr [GeV]
Prompt Photon ALL
Di qs = qy “o
A. Shipilova :
0.18 . . : : : 0.12-
sqrt S=20 GeV n
sqrt S=27 GeV L
o 1/2 pt < U< 2pt e
0.14 B
0.08
0.12 B
=R 0.06/—
i E * total
0.08 [ 0.04/— = direct
0.06 A | _ B + frag.
_|—\_. _‘_I_ 002~ =
- fact./ren. scale p
0.04 ] B . 1
O_Il'llllIIlIlIIl|Il|llll|llllll||ll||ll
0.02 ' ! ' ' ' 1 2 3 4 5 6 7 8
-1.5 -1 -0.5 0 0.5 1 1.5 p, (GeVic)
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Gluon Sivers function Afv(x,kr)

0.1

0.05

-0.05 01002:

-0.002
-0.1]| 0004

p+p Vs=200 GeV

@ ptp—=n®+X %

Wwwﬁmﬂﬁw+ ------

I|IIII|IIII|

First k,-moment of the gluon Sivers function

100 3 ' N T
: Ax2h2. =10%
: 2,2 _ po
10 ¢ AY" PXmin= 2% |
Ref. [2] o ]
T
x [
t:_::: 0.1 3
P4 ¥
<
0.01 3
0.001 | DSS-SIDIS2
0.01 0.1

N(1)
AN )

Phys.Rev.D 90 (2014) 1, 012006

100 F——— T
: AXP I ain=10%
ol DYl Xamin= 2% ]
F Ref. [2] o 3
1 3 "%‘l

0.01 3
0.001 3

0.0001

PHENIX

JHEP 09 (2015) 119

0.1 3

KRE-SIDIS1

0.01 0.1
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Gluon-induced TMD effects : existing results for An

Phys.Rev.D 98 (2018) 1, 012006

0.25
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0.15
0.1
0.05

o pP+p
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= P
_J< 0
-0.05

-0.1
-0.15

4
t I
PHENIX p+p, p+A — J/p + X

VS\n = 200 GeV, |y| E€[1.2, 2.2]
3% scale uncertainty not shown
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------------ ggg Contribution Model 2, min/max
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& 7 °8 9 10 1+ 10
pT[GeV/c]

Phys.Rev.D 95 (2017) 11, 112001
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... and At NICA energies

Phys. Lett. B 345 (1995)

< 08f 25<p,<31GeVic
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Gluon-induced TMD effects: expectations for An

0.1 T T T T T T T
Ay g(pol) gbar->yg (QSF annihil) ==
N [q(pol) gbar->yg] + [q(pol) g -> qy] (QSF all)
g(pol) q -> yq (GSF) ———
0.08 ’ Sum
4<pt<6 GeV, sqrt S=27 GeV,

0.04

Shipilova, Saleev, 2020|

0.02 . not published yet .
),;,__1__7
0 Y 1 T—
-0.8 . . . 0.2 0.4 0.6 0.8

Saleev 2020

0.25

Sivers effect contribution

XF='0.5,
SIDIS],
M=pr

| | I I I
9(Ppol) 9 -> yq (GSF, sqrt S = 27 GeV)
9(ppol) 9 -> yq (GSF, sqrt S = 20 GeV)
9(Ppol) g -> yq (GSF, sqrt S = 13.5 GeV) ——— -

00—

LA e e S e

CGI-GPM (D'Alesio); 0.25 CGI-GPM (SIDIS1)]
NICA sl e NICA ol
pp—D/Dbar+X d-type ——-— 02 [ pp—D/Dbar+X d-type ——-—
0.02 - -3<y=<3 quark 7 -3<y=<3 quark
Vs =27 GeV Vs =27 GeV
ms=1.2 GeV 0.15 | mc=1.2 GeV
01f
oz
<
0.05 [
0 e
001} 1
_ -0.05 F
002 | N O T P
1 08 06 04 02 0 02 04 06 / 1 08 06 04 02 0 02 04 06 08 1
X X
i D-mesons j
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SPD setup

Electromagnetic calorimeter Magnet  Range system Vertex detector end-ca Zero degree calorimeter

e

Time-of-flight system

Straw tracker

Vertex detector

Beam pipe " > \\

~

Range system end-cap

Electromagnetic calorimeter end-cap

Time-of-flight system end-cap

Beam-beam counter

Aerogel Cherenkov detector

Straw fracker end-cap

Alexey Guskov, Joint Institute for Nuclear Research



SPD DAQ

Free running (triggerless) mode !

Online (DAQ, DQM)

High
performance
storage

«Online» SW filter,
DQM

e

10° &
o ins L
2 10°¢
-z -
ig,b B
20 10"
~ -
S 3__ ’ :
10 ‘BELLEI
B IIIIi 1 1 1 1 IIIIIIi
10* 10 10°

Event size (Bytes)

Tier 2. JINR Cloud

Offline
JINR LIT
Tier 1. LIT CICC
Long term <+
/1 Disk storage Mass
storage
. Tap

External collaborator

CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year

Alexey Guskov, Joint Institute for Nuclear Research




SPD: two stages

Creating of polarized Upgrade of polarized

infrastructure infrastructure
Start of NICA

operation t+4 years  +6 years + 8 years

SPD construction SPD upgrade
1st stage 2nd stage

of operation of operation

Electromagnetic calorimeter ~ Magnet  Range system Vertex detector end-cap . Zero degree calorimeter

Straw tracker Magnet Range system

MicroMegas ‘ / Time-of-flight system

Beam pipe

.

Straw tracker

/ Vertex detector
\ Beam pipe

Range system End-cap

Range system end-cap

/"\\ Electromagnetic calorimeter end-cap

Time-of-flight system end-cap

Beam-beam counter Beam-beam counter

Straw tracker End-cap Aerogel Cherenkov detector

MicroMegas End-cap

Straw tracker end-cap

Alexey Guskov, Joint Institute for Nuclear Research



SPD setup: basic properties

Alexey Guskov, Joint Institute for Nuclear Research

Stage I Stage II
Maximum luminosity, 10" cm “ s~ up to 0.1 1
Interaction rate, MHz up to 0.4 4
Magnetic field at IP, T up to 1.0 1.0
Track momentum resolution é}fz at 1 GeV/c, % ~1.7 ~1.0
Photon energy resolution, % SIWE®1
D’ — K7 vertex spatial resolution, um 60 for MAPS
80 for DSSD
PID capabilities dE /dx, RS | dE /dx, ECal, RS, TOF, FARICH
Number of channels, 10° 170 294 for MAPS)
210 397 for DSSD
Raw data flow, GB/s up to 1 up to 20
Total weight, t 1236" 1240
Power consumption, kW 77 113 for MAPS
Detector Spatial resolution Time resolution Energy resolution | Signal length 90 for DSSD
RS 3 mm (wires), 1 cm (strips) 150 ns 90%/\/E (p, n) 250500 ns
ECal 5mm (7, 1 GeV) 1 ns 5%I\E & 1%
TOF 10 cm 50 ps —
FARICH <1ns dB/B <107° 10 ns
Straw 150 um 1 ns 8.5%(dE /dx) 120 ns
SVD MAPS 5 um - _
SVD DSSD 27.4 um (¢) — —
81.3 um (z)
MCT 150 um 10 ns - ~ 300 ns
BBC inner 1.5 mm 50 ps —
BBC outer ~ 10cm 400 ps -
ZDC ~1cm 150 ps at 0.4 GeV | 50%/v/E &30% (n)
20%I\E ®9% ()
44




Physic of the first stage

Non-perturbative QCD Perturbative QCD

» Spin effects in p-p, p-d and d-d elastic scattering \/;
» Spin effects in hyperons production
» Multiquark correlations *
wiq pp — (6g)" — N N Mesons,
» Dibaryon resonances
» Physics of light and intermediate nuclei collision arXiv:2102.08477
» Exclusive reactions
. 4
» Hypernucei dd — K" K" sxn,
» Open charm and charmonia near threshold
- 10%
10 0 4 :
L pE R 10%E
10%F - s
T | = | /
—10F =10E ¢ 1
Eﬂ)% =
\5 1 ;— [_] SPDrange T 15
f - :
10_1 E E EE:’:)}/)\;”.:I;([[GS]] 10—15_ DSPD range
|§ v.vork = ® pp(pA) - c T
10_2 - Cra|g|e11978 S
10 /s [GeV] 10 Is [GeV]

» Auxiliary measurements for astrophysics

Alexey Guskov, Joint Institute for Nuclear Research



Physics performance for gluon probes

(1 year=107 s)

3.0GeV<M, <32GeV 3.0 GeV <M(u*u) < 3.2 GeV, EY > 0.35 GeV

3 3 3
4000 x10 x10 x10
> = 2 I — Total
c — Total c = J— - T T
= - o = — = —
o 3000F" _ 1 250 T © %o c2
N C ----Jhp signal - s ~ r — Ko
& 3000/ - - £ 500 ---- background
§ 2500 :— =0 = |.?>j -
G Jhy — uu : _ ol
2000 150~ -
2 - - 300
1500 - ] C
- 100/~ / J / + — - )( —> J / l//y
o - —_ 200— cl,2
ook ] W Wwn'r : ,
500 :— %0 - 100 —
0 : 1 1 1 I 1 1 1 1 I 1 1 1 I"-i 1 E-'-J 1 I 1 1 1 1 I 1 1 1 1 I L 111 | I 11 1 | I 111 I | I I I 11 1 | I | I I | I I I 11 1 | : 1 I 1 M| 1 1 I 1 1 1 1 I 1 1 1 1
2 2.5 3 3.5 4 4.5 %.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 8.2 0.3 0.4 0.5 0.6 0.7

. 0.8
M(u*w) (GeV) M uwr'n)-M(uw’) (GeV) M(u*uy)-M(u'w) (GeV)

BKG Suppressed Counts, |xF|>0.2

—

o
=
=

(®] : : 4
> | LA —SIGD°
2 e T e S - 0 L e wrp
g BT E S S S— — L T E D" - 7K — SIG+BKG
P i . ._ .......... ___,__, .................... .................... ................... T ......... 10°
Ny VI . Minimum bias photons | =
~ 107 R AR N oo B B ......... - o %
~ : : : : : : : -
[/2] : : R : : : : —
2 e St SN e e e 2
10° =
Lﬁ 105 ............................................................................................................................................... E
10° ....... Pr.or?.\.pt..pho;tons ....... ................... ......... ‘ ......... 0 __
1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I| 1 1 1 1 1 E
2 3 4 5 6 7 8 9 E
p_, GeV/c
T 1 | 1 1 I | 1 1 I 1 1 | | l | 1 | 1 I 1 | 1 1 I | 1 1
17 1.75 18 1.85 1.9 1.95 2

M (GeV/c?)

inv (
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Physics performance: accuracies

0.7 T T T T T T T T T 0.05 T I T T T T T T I T
oss | SPD NICA _ | SPD NICA | s F
p Tp-J/p(1S)+X | pTp=J/p(1S)+X ! -
06 S=24 GeV - ! S=24 GeV ! 01— l ° °
0.55 NRQCD —— - ] ]/llj 0.04 ! NRQCD —— ! ] - ]/l‘b pO arlzatlon
05 f ICEM ———- == | ] i ICEM —--- | -
0.45 | : l ] | i 005
: : 0.03 | | i | -
S o = i > ! ~ :IIIIIIIIIIllll‘
Sz 035 - Sz -
= | > | o~ - 0_1111111111111“
03 | 1 | =4 | | ~
| ooz | | i :
0.25 | ; - C
I ! | S -0.05—
] Ml i
015 | _1: ] 001 I . f I' f T -
01F it I i ! 0
| i i T T i i | B
0-05‘ Er :: :_: _ﬁTJ_‘:E |7:: Il: .l[: |7:E :: : P :IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 . : In vz | IR | L i 0 . | | N WA ML A P A L 0 0.5 15 25 35 4 45 5
1 08 06 04 -02 0 02 04 06 08 1 4 08 06 04 02 0 02 04 06 08 1 p. (GeVic)
XF‘P xFLlJ T
Different inputs for gluon Sivers function . . : o
Projected Statistical Uncertainty of AN
0.5
. 0.04 . = *  projected stat. uncertainty
| < B {s=27 GeV, L,=11" p >3 GeVic 0.4 h )
0 035: [ ] statistical uncertainty = Ay: D'Alesio param.
0357 systematic uncertainty 03— | —— AB: SIDIS1 param.
E [ ] total uncertainty -
0.03- 0.2F
0.025 0.1 DO
0.021 oF — \
0.015" -0.1F
- -0.2 B More detailed uncertainty calculation with
0.01— | polarization, azimuthal dependence taken care of
- - and corrected counts
0.005[— B =
- N 0.4
%7 08 06 04 02 0 02 04 06 08 ] = | | | | | ‘ | | |
i L 08 0e 04 20 0% ¢ 08 0B |
Xg

prompt-y
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Impact of SPD measurements to the world data

for Ag(x)

E== DSSVMC
0.10F B DSSVrew .
% 0.1
\b-sl)(
=,
X 0.
0.05F - Ag(:IJ) .
Q? = 10GeV?
0.00F
15}
1.0} =
3
. Ag(r)/Ag(r)pssvia o

~jg
X

AL for prompt photons

Alexey Guskov, Joint Institute for Nuclear Research
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SPD experimental hall
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Status of the SPD project

SPD Conceptual Design Report was presented firstly in Jan 2021 and approved
by the JINR PAC for Particle physics after an international expertise in Jan 2022

https://arxiv.org/abs/2102.00442

SPD Technical Design Report was presented firstly in Jan 2023, then was
updated in 2024 and passed international expertise this year.

https://arxiv.org/abs/2404.08317

The first phase of the SPD project is included into the JINR’s 7-year plan
(2024-2030)

The SPD international collaboration established in 2021. Currently 1t
consists of 35 institutes from 15 countries and more than 400 part1c:1pants

Alexey Guskov Joint Institute for Nuclear Research
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SPD vs + STCF !

Hadron collisions:

_ 2 2\ | A 2
OAB—hX = 2 dxdxy, f(Xgs Q) (6 O7) X 0y cdXgs Xpr O7) X Dy
a,b=q.q.8

e*e- collisions:
(Q°)x D
Octe-—hX = +e —>qq qq—h

Information about fragmentation functions from e*e- colliders is
needed to account correctly the hadron production!

Alexey Guskov, Joint Institute for Nuclear Research



» The Spin Physics Detector at the NICA collider is a universal facility for

comprehensive study of polarized and unpolarized gluon conty/s < 27 GeVent
of proton and deuteron; in polarized high-luminosity p-p and d-d collisions at ;

» Complementing main probes such as charmonia (J/y 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;
O gluon transversity in deuteron;

O ..

» Comprehensive physics program for the first period of data taking: spin effects in p-
p, p-d and d-d elastic scattering, spin effects in hyperon production, multiquark
correlations, dibaryon resonances, physics of light and intermediate nuclei collisions,
exclusive reactions, hypernuclei, open charm and charmonia near threshold, etc.;

»The SPD gluon physics program is complementaré to the other intentions to
study the gluon content of nuclei (RHIC, AFTER, LHC-Spin, EIC, JLab
experiments, EICC, ...)

» More information including SPD CDR and TDR can be found at http://spd.jinr.ru .

Alexey Guskov, Joint Institute for Nuclear Research


http://spd.jinr.ru

We wait from theorists:
 new brilliant ideas!

 predictions for SPD kinematics

. polarized p-p collisions, , /s, < 27 GeV

. polarized d-d collisions, /syy < 13.5 GeV

* unpolarized p-p, d-d, and light ions collisions

... from experimentalists:

e joining the SPD project with their experience and enthusiasm

You are welcome!

Alexey Guskov, Joint Institute for Nuclear Research



Hadron structure: main actors
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1,20
1,00
0,80
0,60 +
0,40
0,20

* PANDA technology

* Field at axis: 1.0 T

* Operating current: 4.4 RA

* Total stored energy: 19.3 MJ

—y=0m

— """ Cross section of the cold mass and cable

emm— =1 Y

Rutherford cable

Cooling pip = - -
High purity Al thermal bridg 7 /
Cold mass shell f
Side flange 2
Ground Insulation .'
Conductor Insulation—— Y “;

Sliding interface——

Conductor——_|

BB|B8 8888888
28| 88|88 |88 8 888888

U

e v

‘ :
1 [o.05]A
8 j a |/looss T

Mechanical properties

SPD Magnet SPD Magnet
(Stress, p=0,1MPa) (Deformation, p=0,1MPa)

i )

Thermal shield of cryostat



Range system

Strip-board with MDTs

Goals:

* Muon identification

* Rough hadron calorimetry

* Yoke of the magnetic system
Requirements:

e should have at least 4A;

External board with strips perpendicular to MDT wires

Al profile, 0.6 mm

Noryl sleeve, ~1.0 mm

12.3

Wire support 0O -

1.0

Anode wire (Gold plated tungsten, 0.05 mm )

83.4 -

er Tools l SOLIDWORKS Add-Ins | Simulation | SOLIDWORKS MBD l SOLIDWORKS CAM | Analysis Preparation J SOLIDWORKS Visualize l Flow Simulation |

™ N 2 . Model name:SPD-test-Barrel-ECaps-02-2022-5
- KB-0-v L;]studyname:staﬁ:moefault.]

Plot type: Static displacement Displacement1
=

Node: 2873579
ion: | 2.99¢+04,2.64¢+04,3.13e+03 mm

X, Y, Z Location:| 2.99+04,2.61¢+04,270 mm

Value: 1.523e+00 mm

Node: 1857813

X Y, Z Location:| 2.97e+04,2.6e+04,322 mm

Value: 1.921e+00 mm

~

-

Node: 1607381

Value: 9.822e-01 mm

X, Y, Z Location:| 3.16e+04,2.36e+04,-2.66e-12 mm

-~

A

Node: 1607727
X Y, Z Location: | 3.16e+04,2.2¢+04,2.32e+03 mm

Value: 7.475e-01 mm

A

Node: 1456634

v ) SPD-test-Barrel-ECaps-02... %

Node: 1856363

Node: 2873709
X, Y, Z Location:| 2.97e+04,2.6+04,2.27e+03 mm

XY, Z Location:| 2.99e+04,2.64e+04,2¢+03 mm G
Value: 2073e+00 mm

Value: 1.442e+00 mm

Node: 1841863 o

Nﬁ:.«

X Y, Z Location:

Value:

X, Y, Z Location:| 3,12¢404,1,85¢+04,138 mm &
Value: 7.2446-01 mm

A

Node: 1290956

2.97e+04,1,92¢+04,1,95¢+03 mm

7.017e-01 mm

A

1.627e+00 mm

~

URES (mm)
2.132e+00

' 1540500
L 1.777e+00

- 1.599e+00

. 1421e+00

I X, Y, Z Location:| 3.16e+04,2.36e+04,2.32e+03 mm

1.244e+00

1.066e+00
8,883e-01
7.106e-01
| 5.330e-01

3.553e-01
1.777e-01
1.000e-30

-~

Node: 1341084
OX, Y, Z Location:| 3.28e+04,1,95e+04,1,97¢+03 mm

Value: 4.951e-01 mm
Bl

~

Node: 1396968
OX, ¥, Z Location:| 3.13e+404,1,93e+04,2,58e+03 mm

Value: 3.537e-01 mm

~
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Electromagnetic calorimeter

Linear bearing LTCT 25 (load raiting 670 kgl

3037.8

Goals:

* Detection of prompt photons, photons from
0, n and Y. decays

Barrel + PF + MS + £S

* Identification of electrons and positrons,
participation it muon identification

* Local polarimetry with m0
Requirements:

* Granularity ~4 cm

e Sampling: 190 layers (1.5 mm Sc. + 0.5
mm Pb), X/Xo=17.6

* Low energy threshold (~50 MeV)
* Energy resolution ~ 5 % /\/E




Time-of-Flight system and Aerogel counters

MRPC-based TOF
Goals:

\\ * /K separation up to ~1.5 GeV

* K/p separation
* to determination

_ || ] IIIII|

m? (GeV/c?)f

I I I | | | | |

Requirements:
e Time resolution <60 ps

Gas flow —=

7
Mylar layer ~ Honeycomb  PCB with Graphite Glass  Nylon line Stud Sealing ¢ § § § ¢ - .
insulation readout strips  HV layer plates spacer frame P 2 2 8
Aerogel counter in End-Caps
o200 (2 200 ::‘01700
< 7
Goals:
. Aerogel 7
* /K separation up to 2.5 GeV range / L _J
. Light
Requirements: o j 1
e We should have enough light! \ | _
62
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Straw Tracker

Goals:

Barrel

Carbon fiber

frame 31 double

layers of straw

S
N
~

e Track reconstruction and momentum
measurement

e Participation in PID via dE/dx
measurement

Requirements:
* Spatial resolution ~150 um
* Low material budget

 Operation in magnetic field of about 1 T

S
T

A v
—
//
— (10 )
§ - —mx, mean —K, mean —p, mean
o 9
X .
‘;‘ — _ﬂ:, 10 _K, b _p, b
S 8K
w -
° _E --'m, 30 --K, 3o -='p, 30
6
5
4
3
2 '.“-"‘.". h AR
0: 1 1 ’l..l 1 l"'l 'l.. l. .l A.i 1 l‘ l'.‘l ..l “‘l‘ l‘ l -l l' 1 I 1 l‘ 1 -.I 1 l 1 I 1 1 1 l 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

2
p [GeV/c]



Silicon Vertex Detector

Goals:

* Reconstruction of secondary vertices

for D-mesons decay

* Participation in track reconstruction

and momentum measurement
Requirements:
* Spatial resolution <100 pm

MAPS option: 4 layers

n-well transistors n-well
diode NMOS PMOS diode
+%w  Carb pport
- 18
p-well p-well  n-well p-well t lgom_a — ar on Su or S
== VBB
deep p-well deep p-well
l‘\ h
RS .e e\‘.---.
'.-.“‘ h h Ol
---Je —
ol = diffusion
epitaxial layer P— L h NA ~ 1013 cm™
substrate P++ NA ~ 1018 cm™

* Low material budget

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

D0 — =t + K : secondary vertex x-resolution

DSSD option: 3 layers 009

® MAPS:o, ~58p

0.03

738

0.02

829

=05 no  Straw ftracker terer0sso 0.08— " [DSSD:g,~80w
~ A  Micromegas : 6, ~ 435 u
= -— - ey 0.07—
E e N | | < E
7 1 = 0.06(—
0.05—
\ i -
0.04—

1229

\ 0.01
laximum cable length 600mm -

64 -0.03 -0.02 -0.01 0 0.01 0.02 0.03

Cable, cooling pipe




Micromegas-based Central Tracker

Particle track

Effective track  \|

Cathode plane
Goals:

* Improvement of the momentum resolution
Drift gap

. ) Primary electron

Requirements: drift lines

. . . h
° Should Operate ln 1 T magnetlc ﬁeld "'"'Xr'r';';'liﬁze;:c'i'(;};"g;; ....... ... .; ..... 3 i st o e me: | h
* Anode plane wit
v readout strips
1600 0,=16.7°

0,=13.2° < >

0,=10°

/
\

MM Superlayers
3 or 2 layersin each

800 FE boards

\4

Water cooling




Beam-Beam Counters

Plastic scintillator-based outer part

BBC

b B rﬁ Goals:

* Local polarimetry

Hal-ring  Luminosity control

* Timing
Requirements:

D 1694

 Operation close to the beam
pipe (inner part)

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

MCP-based inner part

BBC outer

BBC inner

- ‘ o “ !
BBC inner

BBC outer
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Zero Degree Calorimeters

Goals:

* Luminosity monitor
* n/y detection
e _ Requirements:

* 13Xo for EM-part and 2.9A; for hadron
part

e Energy resolution 50 % / \/E @ 30 % for

hadrons and 20 % / \/E @D 9 % fory

* Time resolution ~150 ps

Ab
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v
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| EM part
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