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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 thSiCS

Charmonia

Other spin-related
phenomena
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3D STRUCTURE OF THE PROTON
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TMD PDFS
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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




CINEMATIC RANGE
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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)

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 15



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 —~rrm : B : S 100 — -—
5 APl in=10% ; ; AP =10%
10| Ay ppin= 2% ’ 10 L AY°lmin= 2% |
Ref. [2] -~ 3 Ref. [2] -
To 01} Zo 0.1}
=z =z
<] ¥ 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 %



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
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UNPOLARIZED GLUGNS IN DEUTERON AT HIGH x
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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)

AExy
B . 0.1
Helicity distribution functions Transversity distribution functions
Ag=9ql-q: Ag=gI-g: 4,9=6;-q, - 1
L
But it nonzero gluon transversity is possible
already in LO in deuteron due to non-nucleonic P =02 Gev
. - q;=0.5 GeV
gluon component! It could be accessed via double y=05  _ _ _ 4 _10GeV
y , 0-‘»1 T T T T T T T T L B B S B T T ¥
transverse spin asymmetry! Y ™ A A L

M 2 (GeV2)
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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 ;




Charmonia

SPD DETECTOR
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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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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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