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SPD - EXPERIMENTAL CONDITIONS

circumference -503 m, Lpp(Ey), cm™ s~ Np
number of collision points (IP) - 2, Ix10% g 110"
beta function B, in the IP -0.35m, ol "
number of protons per bunch - ~1-10"%, 1107 110
number of bunches -22, 1x103 1x1013
RMS bunch length -0.5m, :

: : 1x10% 1x10
incoherent tune shift, Apassiett - 0.027,

beam-beam parameter, § - 0.067, 1 x10%° 1 x10!
beam emittance €, (normalized) (x10887° . 1 %1010
at 12.5 GeV, m mm mrad - 0.15. 1 2 3 4 5 6 7 8 9 1011 12 13

E,, GeVyu

Beam energies:
Pt (Nspp) = 12 +>27 GeV (5 +>12.6 GeV of proton kinetic energy),
dtdt(Nsay) = 4 + >13.8 GeV (2 + >5.9 GeV/u of ion kinetic energy).

Unique possibility! All combinations of collisions are possible -

UU, LL, TT, UL, UT, LT



SPD - VS OTHER POLARIZED p-p EXPERIMENTS
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SPD - VS OTHER N-N EXPERIMENTS




DRELL-YAN - FORMER KEY POINT OF THE SPD PHYSICS PROGRAM

Drell-Yan
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We have unique possibility to study
semi~inclusive and exclusive DY !

In spite of very competitive DY physics program we will not be able to extract
experimentally the DY signal from combinatorial background.



WHY GLUONS?

Without DY we cannot compete with SIDIS experiments in
the study of the quark content of the nucleon

Hadroproduction

LO: O ~ (ISZ



GLUON PROBES AT SPD

Sharp signal Model-dependent
Relatively large cross probability for
section cc = Jly

Challenging experimental
requirements
Model-dependent
fragmentation functions

Largest cross section

g .St back d atl
/ Almost no fragmentation rotls Dacketotnd at Jow

% PT




GLUON PROBES AT SPD
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not only J/y!
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EXPECTED STATISTICS AFTER 1 YEAR OF DATA TAKING (107 s)

027GeV O135Gevs | Norgev, | Nizsgey

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

T 19 3.6 19 0.36
1 (3686) — 20 D

J/vrtneT = pTpm T 0.5 0.1 0.5 0.01

[T 0.2 0.04 0.2 0.004
Open charm: DD pairs 1 x 104 1300 40 0.6
Single D-mesons

Dt 5 atK 7™ 940 120 940 12

DY - K—nt 400 52 400 5.2

Drell-Yan (M>4 GeV) (up) 0.1 0.005 0.1 0.0005

10



WHAT SPD HAS FOR OPERATION WITH SUCH PROBES?

~4m geometry ol End

. al Endcap

Triggerless mode y C T
" PIDEndcap

PID

Beam pipe

Charmonia

Prompt photons
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MAIN PLAYERS IN POLARIZED GLUGN PHYSICS
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MAIN PLAYERS IN POLARIZED GLUGN PHYSICS
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Experimental SPD RHIC EIC AFTER
facility QNICA QLHC
Scientific center JINR BNL BNL CERN
Operation mode collider collider collider hxed
target
Colliding particles pT-pT n -pl e -AT p-pt.dl A
& polarization | dT-d" |
Center-of-mass <27 (p-p) 63, 200, 20-140 (ep) 115
energy /s, GeV | <13.5 (d-d) 500
Max. luminosity, ~1(pp) 2 1000  upto
10°?2 em=2 s~} ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025
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OTHER PROBES ?
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Central production

There is no detailed studies for our energies

but we will have sizable statistics at SPD for sure,
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GLUON PDFs

Unpolarized gluons at high x o
In proton and deuteron Gluon hEllClty

Gluon Boer-Mulders
function

GLUONS \ | ,;p0larized |\ circular linear
hl“"
1

‘ ' hng

g |g T th’ hlg

T

Gluon transversity in

deuteron

Gluon Sivers function
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UNPOLARIZED GLUONS IN PROTON AT HIGH x

g(xw)atu=2GeV
16
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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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A COMPASS, Open Charm, 2002-07
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GLUON HELICITY FUNCTION Ag(x)

0.4 S

accessible with SPD
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"‘,‘—"‘_’,: ;;; s and 68% C.L. contours
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Phys.Rev.D 100 (2019) 11, 114027
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| dx Ag(x)

0.05
S 0.001
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A

0.2
Phys.Rev.Lett. 113 (2014) 1, 012001 O{) de Ag(X)

02 01 -0 01, 0.

SPD could help to reduce uncertainty of AG at large x

3
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GLUON HELICITY FUNCTION Ag(x) : HOW T0 ACCESS?

Double longitudinal spin asymmetry:
++

A ) O j |k
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Ag(x)) o (A (7 0f
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GLUON HELICITY FUNCTION Ag(x) : EXISTING RESULTS FOR Ay

0.06

Jhy
LL

0.04}

0.02}

* Alll"e
LL
L[] syst. error from dilution factor
- syst. error from rel. lum. and 4:'5

: (not including 8.8% poi. scale error)

0.5 1 1.5
P, [GeV/e]

0-41oc;.ev2

Also 0, n, jets

PHENIX, 200 GeV

Phys.Rev.D 87 (2013) 1, 012011
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GLUON HELICITY FUNCTION Ag(x) : EXPECTATIONS
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GLUON-INDUCED TMD EFFECTS : TWO APPROACHES

. |
A

Different <kr> for quarks
and gluons!

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

2) TMD factorization
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GLUON-INDUCED TMD EFFECTS : GLUON SIVERS FUNCTION AS (x.kr)

Sivers effect: left-right asymmetry of
unpolarized kr distribution in
transversely polarized nucleon

Pl
Collins effect

k - due to fragmentation
of polarized quark

Collins effect in the first approximation is absent
for chamonia and prompt-photon production:

1 L
- % / da, / krad’ ks [0:(@0 k) Gz, k)

I
X d—(tf(in — ¢i7) + G(zo, kra) Angi(zh, ka)E(GQi — ¢;7) 2



GLUON SIVERS FUNCTION A£ (ki)

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

First ki-moment of the gluon Sivers function JHEP 09 (2015) 119

100 — S - : 100 —— SRR 1
i A Fnin=10% i Ay in=10%
i szleznin: 2% 1 4 i A){zf;(ﬁ\irﬁ 2%
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GLUON-INDUCED TMD EFFECTS : EXISTING RESULTS FOR Ay
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GLUON-INDUCED TMD EFFECTS : EXISTING RESULTS FOR Ay

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Three-parton correlations in twist-3

’. \s=30 GeV 0.3
g, pr=4 GeV Phys. Lett. B 345 (1995)
£ A oz |
5 ' . 25 <pr<31GeV/
<:\xlr<0 0.1 | e °
4 OF 07T 06 05 4 O3 U2 D] 0.0 F
N. Hammon et al. : ‘“"’""“L* ----------------
.  and G. Sterman, Phys. O e s
J. Phys. G: Nucl. Part. Phys. 24 J- Qui an 2 : Af
991(1998) Rev. Lett. 67 (1991) 2264 .Mg_
4041-
u; E704
* Fixed target; 08}
® Polarized proton beam from A decay; S T T R

©2.5 GeV/c <pr< 3.1 GeV/c;
® 473 prompt photon candidates (including 220+-22 background events) 27




GLUON-INDUCED TMD EFFECTS: EXPECTATIONS FOR Ay

Sivers effect contribution
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0.2

0.15 -

0.05 -

o||(pol) ql;ar—>yg|(QSF arlmihil) _—
[a(pol) gbar->yg] + [q(pol) g -> qy] (QSF all)
g(pol) g -> yq (GSF)

Sum

4<p7<6 GeV, sqrt S=27 GeV,
SIDIS1 (2018 Godbole), mu = pt

Shipilova, Saleev, 2020, not
published yet
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g(pol) g -> yq (GSF, sqrt S = 13.5 GeV)
Xg= -0.5,
SIDIS1 (2018 Godbole),
mu = pr
2.5 3 3.5 4 4.5 5 5.5
PT
0.1 — p'p~DX, Sqrt(S)=27 GeV,
- 1<p,;<3 GeV
0.09 —
0.08 —
0.07 — SIDIS1
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X I
— 0.05 —
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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) s
s PBEL — 5y [ AQR) + BQ3IQE con2pr - 61) +

+C(Q2)Q% cos d{dq — ¢K)]

Qr = ki1 + ko, Kt = (ki1 — ka1)/2

A: flefl ffeff,
2 DAY

B: hi'®hy’, %f'g@)hlg S§§
1 .::/'/’//'

C: hi9@h?.




UNPOLARIZED GLUGNS IN DEUTERON AT HIGH x

0.004
MSTW2008
0:«”* _ R1998 > -~ ~ { HERLIE&
0.002 1 CD-Bonn-2001 ,I N N .
+" -SD+DD  ,’ N

— } ----- 2 =1.0 GeVi
-0.002 —— 0%2=2.5 GeV
........ 02=5.0 GeV2
-0.003 : . :
0 02 04 0.6 08 1 12 14

|6g) —01|NN>+02|AA>+C3|CC>

/ hidden color

up to 90% at some models!
G. A. Miller, Phys.Rev. C89 (2014) no.4, 045203

G(x)

GY%x)/2GP(x)

—a

095

0.9

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

Phys.Lett. B783 (2018) 287-293
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GLUON TRANSVERSITY Agr(x) IN DEUTERON

Unpolarized distribution functions
q=q.+q’

g=g.+g.

Transversity distribution functions

A,9=0; -G,

Helicity distribution functions

Ag=ql-q. Ag=g.-g-

But it nonzero gluon transversity is
possible already in LO in deuteron due to
non-nucleonic gluon component! It could
be accessed via double transverse spin
asymmetry!

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

0.02 | |
Y
ATT
001
0
due to quark transversity!
NLO
----- LO
001 m——r—r——t
0 10 20 30
pr [GeV]



COMPLEMENTARITY OF STUDIES AT SPD AND MPD AT NICA

Partonic Partonic Non-

structure of 8 structure of baryonic SPD

matter In
deuteron nucleon
deuteron

g s \,,,113 ﬁi A R

g 4«3‘4 RHIC- BE;%} Quarks a

: \ ”‘l&,, = " (De)confinement,

] 1004+ Hadrons ,. e : mixed phase """

!: o -y 3 G )
H 2
. [*) =
B Y o\ Neutron
uclel <5 - c
a2 LN g
2 1 Net baryon density n/ n
o5 Lars yon yn
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SUMMARY
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Physics goal Observable Experimental conditions

Gluon helicity Ag(x) Ay asymmetries pL-pL, Vs =27 GeV

Gluon Sivers PDF A (z, ky), Ay asymmetries, pr-p, Vs =27 GeV

Gluon Boer-Mulders PDF Ay ¥(z, kr) | Azimuthal asymmetries p-p, /8 =27 GeV

TMD-factorization test Diff. cross sections, pr-p, ENErgy scan
Apxn asymmetrics

Unpolarized gluon d-d, p-p,

density g(z) in deuteron Differential Veny = 13.5 GeV

Unpolarized gluon cross sections P-P,

density g(x) in proton V5 < 20 GeV

Gluon transversity Agr(z) Arr asymmetries dr-dr, /snn = 13.5 GeV

33




SUMMARY: SPD PHYSICS PROGRAM

'- " GPDs -

" Drell-Yan Elasti.c .
- B scattering JERVIIGTITEN S

correlations _ ‘
L High pr hadrons

“The SPD Conceptual Deszgn Report o
should be ready till the end of the year _



Alexey.Guskov@cern.ch

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 atv/s < 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;

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

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

QO ... something else, please, propose!

» 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).
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REVIEW PAPER IS IN PREPARATION

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

. SPD

. list of authors and contributers ) \e\
e
\C (.
s Abstract \j \
The Spin Physics Detector at the [uture NICA a ubna, Russia) aims for inves-
longit y

tigate the nucleon spin structure in COHW r and transversely polarized protons

and deuterons at /s up to 2 an osity up to 10%2 em™2 s~1. It will operate as a
universal [acility for c“mcgudy { unpolarized and polarized gluon content in the pro-
10 ton andwleuter ernenting probes as charmonia, open charm and prompt-photon
11 pro i 1&&& be used for that. DPossible physics tasks such as the access to the
12 gluor i lton Sivers and Boer-Mulders [unction and gluon transversity in the deuteron

13 via th asurement of single and double spin asymmetries and other gluon-related tasks will
14 be discussed.

o « ~ [~}
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