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CONCEPT OF THE SPD PHYSICS PROGRAM

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

Open charm phySiCS

Charmonia

Other spin-related
phenomena
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3D STRUCTURE OF THE PROTON
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GLUON PDFs

Unpolarized gluons at high x o
In proton and deuteron Gluon hEllClty
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GLUON PROBES AT SPD
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KINEMATIC 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

Fractional uncertainties

1.6

[S—,
~

[
(W]

[—

o
%

o
=)

o
~

g(x,n) at u =2 GeV

Co;nbirlled I-lZIERAI set I
Separate HERA sets -

10'5 10'4 10'3 001002 0050.1 02 0509
f

p(®)
O D
L open charm

._-_.;. é

g ) D
charmonium

JW

75}

E_
3

o

10*

10°

10°

10

———f Good opportunity for SPD

'l'll T T LI | lll'l L 1 L l’l']] 4 T LI lll]]
" —@)— ALICE ftotal unc.) o
| [ AucE extr ux. sl
= =S ATLAS Prelimmnary (total unc.) '.' -
- :AI’LASexv.um o =
. = LHCDO Prelmnary (total unc.) S =2
- A PHENX - E
= % STAR o -
[0 HEeRAB (pA) .° Le”"
- W ess3pa) -’ Jao”" =
= U EnapA) g iy =
C W Na27(pA) P S =
- ’ -
i ¢ NAIG(pA) L’ s :
O E79(pn) ) L’
~ NLO (MNR) " ’,' 7]
@® svp2 o’
- . =—
- ’ -
- .
’
!
— ! —
3 + ' ¢ =
- ' R
_lllll 1 ' 1 LA lllll L 1 Ll lllll =
3 4
10 10? 10 10

\'s (GeV)
17



GLUON HELICITY FUNCTION Ag(x) : SPIN CRISIS

S =% =% AT +AG + L
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GLUON HELICITY FUNCTION Ag(x)
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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- ™D
parton correlations in twist-3

2) TMD factorization

Different <kr> for quarks
and gluons?

Agep << QrorP; << Q QrorPr

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

transversely polarized nucleon ﬁ * - 0
j RIGHT

Sivers effect

Collins effect

- due to fragmentation of polarized quark 21



GLUON SIVERS FUNCTION Aé (x.kr)
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GLUON-INDUCED TMD EFFECTS: EXPECTATIONS FOR Ay

Sivers effect contribution
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DEUTERON
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D

S + D waves

03
S. Kumano e G%(x) (GRV98, ue=1GeV) —— |
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Phys.Lett. B783 (2018) 287-293
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Fig. 6. Gluon PDF in the deuteron and in the nucleon.

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=q;+q" g=9:+9" . . .
Transversity functzon 1S

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

/

€3

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

A R 4

Helicity distribution functions Transversity distribution functions
Ag=qI-q: Ag=9I-9: AG=qi-q, I
.. . X
But nonzero gluon transversity is possible |
already in LO in deuteron due to non- i soo T 9, =02 Gev
' | =05 S
nucleonic gluon component! It could be oo ) === 4=10Gev
. . 10 20 30 4 50 60 70 80
accessed via double transverse spin M2Gev?)
asymmetry!
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RATES FOR MAIN PROBES

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

027Gevs | O135Gevs | N27Gevs | N13.5Gev

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

—Sutu” 12 3.6 12 0.36
v (2S) 25 5

~SJ/yn n sputu Tt 0.5 0.1 0.5 0.01

—Sutu” 0.2 0.04 0.2 0.004
Xe1 + Xe2 200

Yy = yutu” 24 2.4
N, 400

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

DT> K 2n" (D" - K"271") 520 48 520 4.8

PPkt D -kt 360 33 360 3.3
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SPD DETECTOR

Electromagnetic calorimeter Magnet

Range system

Time-of-flight system

Straw tracker

Vertex detector

Beam pipe

No hardware triggers to

avoid possible bias!

Vertex detector Endcap

10°
o 5
2 10
~
S,
2 10*
o
.

10°

Range system Endcap

Electromagnetic calorimeter Endcap

Time-of-flight system and Aerogel Endcaps

Beam-beam counter

Zoom X4

Zero degree calorimeter

Straw tracker Endcap

_SPD

O ‘CDF

COMPASS

8.
OPAL

CMS

DO

‘BELLE I

IIIIIIi 1 1 1 III|
10* 10°

L1 1111l | | I
10° 10" oy
Event size (Bytes)



Phys.Part.Nucl. 52 (2021) 6, 1044-1119 arXiv:2102.08477

PHYSICS OF THE FIRST STAGE OF SPD RUNNING

Non-perturbati Perturbative QCD

» Spin effects in p-p, p-d and d-d elastic scattering \/E
» Spin effects in hyperons production
» Multiquark correlations *
wiq pp — (6q)" — N N Mesons,
» Dibaryon resonances
> Physics of light and intermediate nuclei collision
» Exclusive reactions
: 4
» Hypernucei dd — K" K" sxn,
» Open charm and charmonia near threshold
- 10°¢
10% :
i 10%F
10%F - s
T 5 /
=10k 2105
§1o§ =
\6’ 1 ;_ [_"] SPD range \b’ 15_
: - :
10-15_ S z:)\_—:gll)\l‘l"f;([g] 10-15_ DSPD g
: " Gragorers : ik
10—2 L P ! |

10

10 /s [GeV] s [GeV]

» Auxiliary measurements for astrophysics

> 28



SPD: PHASE-|

Straw tracker Magnet Range system MicroMegas Endcap Range system Endcap

MicroMegas Beam-beam counter

Beam pipe Straw tracker Endcap

P
-
-
-
-
-

Zoom x4

—_
-

-
—
—
-

Zero degree calorimeter

Running with reduced beam energy and luminosity
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RANGE (MUON) SYSTEM

35 mm - gaps for detectors

19 x30 mm / Fe
External board with strips perpendicular to MDT wires

60 mm / Fe Al proﬁle, 0.6 mm

Noryl sleeve, ~1.0 mm

12.3

6.7

l‘—
Goals: '

6.3

* Muon identification

. Wire support 08 ?
* Rough hadron calorimetry 10

¢ Yoke Of the magnetic system Anode wire (Gold plated tungsten, 0.05 mm )
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ELECTROMAGNETIC CALORIMETER

=S0=————

e

=A==

Goals:

* Detection of prompt photons, photons from 9, n
and y. decdys 15000

* Identification of electrons and positrons,
participation in muon identification

Ono - 9.8 MeV

10000
Requirements:
* Granularity ~4 cm 5000 8 ey
* Low energy threshold (~50 MeV) / LMR——L\_
* Energy resolution ~ 5 %/\/E o507 05 04 05 08 07 31
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STRAW TRACKER

o
Goals: IS
”

e Track reconstruction and momentum
measurement

* Participation in PID via dE/dx
measurement

Carbon fiber
frame

31 double
layers of straw

Carbon
capsule

Requirements:

e Spatial resolution ~150 um

* Low material budget

* Operation in magnetic field of about 1 T
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CENTRAL DETECTOR

DSSD option

- n=05 a0 Straw tracker  tayerfsso

Goals:

* Reconstruction of secondary vertices
for D-mesons decay

* Participation in track reconstruction
and momentum measurement

Requirements:

* Spatial resolution <100 um

* Low material budget

Cable, cooling pipe

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

D0 — =* + K : secondary vertex x-resolution
0.09

Micromegas-based central tracker 008
for stage-1 007

0.06

® MAPS:c, ~58
+ B DSSD:o,~80p

A Micromegas : 6, ~435

1600

0.05

0.04

0.03

0.02
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MM Superlayers

3 or 2 layersin each FE boards
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Goals: MRPC-based TOF
* /K separation up to ~1.5 GeV

\ * K/p separation

\\\\ ///// * to determination

Requirements:

m? (GeV/c? )

I I I | | | | |

* Time resolution <60 ps

———

Gas flow —

7
Mylar layer ~ Honeycomb  PCB with Graphite Glass  Nylon line Stud Sealing § S 8 § 8 .
insulation readout strips  HV layer plates spacer frame o 2 \
Aerogel counter in End-Caps {
o200 Q} 200 :':Aouoo
Goals: L .
) Aerogel )
* /K separation up to 2.5 GeV range / L J
. Light
Requirements: o j
» We should have enough light! \
"""""" 34
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LOCAL POLARIMETRY AND LUMINQSITY CONTROL

Local polarimetry Beam-Beam Counter

* Charged particles in BBC
* 10 in the end-cap part of ECAL
* Neutrons in ZDC

Requirements:

e Time resolution ~1 ns (MPC)
and ~400 ps (scintillator)

Zero-Degree Calorimeter

Goals:

* Luminosity monitor
* n/y detection
Requirements:

* 13Xo for EM-part and 2.9, for hadron part

e Energy resolution 50 %/ \/E @ 30 % for hadrons
and 20 % 1\/E @ 9 % for y

e Time resolution ~150 ps

::::

MCP-based FBBC

Z0c




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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SPD international collaboration

32 institutes from 14 states,
~300 members




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/1 and higher states), open charm
and prompt photons will be used for that;

» SPD can contribute significantly to investigation of

O gluon helicity;

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

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

OOOO

» Dedicated physics program for Stage-I with reduced luminosity and beam energy.

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

» SPD CDR is available as arXiv:2102.00442 for more details.
» SPD TDR is about to be completed.

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