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NICA and other facilities
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pTpT collision mode

Experimental SPD RHIC EIC AFTER SpinLHC
facility @NICA @LHC
Scientific center JINR BNL BNL CERN CERN
Operation mode collider collider collider fixed fixed
target target

Colliding particles pT—p¢ pT-pT eﬁ-pT, aTT,BHeT p-pT,dT p-pT
& polarization

pT-d, p-d’T
Center-of-mass <27 (p-p) 63, 200, 20-140 (ep) 115 115
energy ,/Syy. GeV | <13.5(d-d) 500

=19 (p-d)
Max. luminosity, ~1(p-p) 2 1000 up to 4.7
10% em ™ s7! ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025

NICA is unique for double polarized d"d" collisions
at these energies.
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Nucleon structure

1980s

Hadron structure is one of the keys to understand bound states
in QCD.

Nucleon tomography aims to understand how hadrons are build
in terms of elementary degrees of freedom in QCD.

* How quarks and gluons, and their spins are distributed in a
nucleon in transverse positional space and transverse e ! .
momentum Space? "Quuanﬂtnsll:‘):: Q:::::gzl::“m‘lg:::lﬂ:

Our understanding of nucleon structure

* How nucleon spin emerges from spin and internal motion of
valence and sea quarks and gluons?

Spin decomposition of proton

Figure credit: Physics Reports 911, 2021, 1
04.06.2026



https://www.sciencedirect.com/journal/physics-reports

Nucleon tomography

Inclusive processes
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Figure credit: J.-P. Cheng
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Quark TMDs

Leading Q-uark TMDPDFS O—o Nucleon Spin @ Quark Spin

Un-Polarized

Quark Polarization

Longitudinally Polarized

Transversely Polarized

(v (8] (M
f1 = @ h’ll = @ - @
Unpolarized Boer-Mulders
OGO
Helicity Worm-gear
-0
fie = O Q) ol = O -
Sivers Worm-gear ‘17~ -
Pretzelosity

Significant progress on quark TMDs over the last
decades (for details see e.g. TMD Handbook, PLB
827, 136961 (2022)).
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The density distribution of an unpolarized quark with flavor a
in a proton polarized along the +y direction and moving
towards the reader as a function of (k. , k, ) at Q> =4 GeV? (PLB
827, 136961 (2022))
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Gluon TMDs and the SPD experiment
Our knowledge on gluon TMD remains rather scarce. N I C A.

gluon pol.

Main goal of the experiment - spin-dependent gluon

U | circular | linear
structure of proton and deuteron.

* Three probes of gluon structure chosen in this energy range:
8 L
g h

L
Lg g g Y, L8
r it ST @ﬁr

Leading twist gluon TMD PDFs
(two times more due to proper gauge link choice)

nucleon pol.

Measurements at SPD should help to improve our
understanding of QCD and resolve spin crises.

he, is can be nonzero only for deuteron. o .
* Many other aspects of QCD to be studied in such collisions.
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SPD kinematic coverage
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Detector construction site
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SPD initial stage

SPD TDR: Natural Sci. Rev. 1 1, 2024 (arXiv:2404.08317)
Magnetic fieldupto 1.2 T

Straw tracker Magnet Range system MicroMegas Endcap Range system Endcap
™ \ |
i N | - Beam-b t
. . MicroMegas \ f s eam-beam counter
* Polarized and unpolarized phenomena at N R ey

Beam pipe / "~ Straw tracker Endcap

low energies (3.4 GeV < \/Spp< 9.4 GeV)
and reduced luminosity

3

\
4
\\ zoom x

Sy

* p-p, d-d, and ion collisions (up to Ca)

Zero degree calorimeter

* Simplified detector set-up

* Up to 2 years of data taking

P' ) //
Range System | 7DC
muon identification and local polarimetry
coarse hadron calorimetry ) luminosity monitoring
BBC Straw tracker: .
local polarimetry e g~150 um Micromegas central tracker:
luminosity monitoring * o(dE/dx) = 8.5% Y2 LY

04.06.2026



SPD initial stage

ISSN 1063-7796, Physics of Particles and Nuclei, 2021, Vol. 52, No. 6, pp. 1044—1119. © Pleiades Publishing, Lid., 2021.

Physical program:

* spin effects in p-p and d-d scattering Possible Studies at the First Stage of the NICA Collider Operation
with Polarized and Unpolarized Proton and Deuteron Beams
V. V. Abramov®, A. Aleshko?, V. A. Baskov<, E. Boos?, V. Bunichev’, O. D. Dalkarov¢, R. El-Kholy“,

* spin effects in hyperon production

* multiquark fluctons A. Galoyane, A. V. GuskoV/, V. T. Kim#, E. Kokoulina®', I. A. Koop* ", B. F. Kostenko,
. . A. D. Kovalenko* ', V. P. Ladygin®, A. B. Larionov>", A. I. L’vov, A. I. Milstein’: ¥, V. A. Nikitin¢,
* large pr hadron production to study diquark N. N. Nikolaev*:, A. S. Popov,, V. V. Polyanskiy, J.-M. Richard’, S. G. Salnikov, A. A. Shavrin’,

P. Yu. Shatunov-*, Yu. M. Shatunov”*, Q. V. Selyugin, M. Strikman®, E. Tomasi-Gustafsson’,
V. V. Uzhinsky™, Yu. N. Uzikov" *” *, Qian Wang"”, Qiang Zhao™’, and A. V. Zelenov*
4 NRC “Kurchatov Institute”—IHEP, Protvino, Moscow oblast, 142281 Russia
b Skobeltsyn Institute of Nuclear Physics, MSU, Moscow, 119991 Russia
¢ Lebedev Physical Institute, Moscow, 119991 Russia
4 Astronomy Department, Faculty of Science, Cairo University, Giza, 12613 Egypt

structure of proton
* quark-instanton scattering
* color transparency in quasi-free pd interactions

. prObi ng Of non'ba ryon iC co ntent Of deute ron ¢ Veksler and Baldin LaborcgzﬁtgjI;;E?Cfﬂirgfaihj;s‘;?;g.g)z;é?;ﬁmiefor Nuclear Research,
. " Dzhelepov Laboratory of Nuclear problems, Joint Institute for Nuclear Researches, Dubna, Moscow oblast, 141980 Russia
® d I ba ryon resonances & Petersburg Nuclear Physics Institute, NRC KI, Gatchina, Russia
. " St. Petersburg Polytechnic University, St. Peterburg, Russia
° hypern u CIe' ! Sukhoi State Technical University of Gomel, Gomel, 246746 Belarus

J Ritdlrow Tnctituto nf Nuclaar Phyacice af €R RAC Mavncihivel- A20000) Pircoin

* physics of light and intermediate nuclei

collisions
Physics of Particles and Nuclei 52, 1044 (2021)
arXiv:2102.08477
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SPD final layout

SPD TDR: Natural Sci. Rev. 1 1, 2024 (arXiv:2404.08317)

Electromagnetic calorimeter Magnef Range system Vertex detector Endcap Range system Endcap
b 1 [
" . |
Time-of-flight system . \\ \ ',I ||' = - Electromagnetic calorimeter Endcap
5 . i
Electromagnetic Straw tracker ™ \ A _/’// Time-of-flight system and Aerogel Fndcaps .
calorimeter: Bl i ool '

oE/E = 5%/1/E @®1% Beam pipe

.ﬁ\‘u zoom X4
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s =
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Beam-beam counter
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R

Time of flight system:
o =50 ps
30 /K separation for p < 1.5 GeV/c

Silicon vertex detector:
* MAPS (4 layers): 0 = 10 um
o DSSD (3 layers): o, = 27.4 um,

FARICH in endcaps for pion/kaon
separation for particle o =81.3um
momentum up to 5.5 GeV/c :
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SPD final layout

SPD TDR can be found at http://spd.jinr.ru/spd-cdr/
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calorimeter: B e ool z0om x4
oE/E = 5%/VE® 1% i il * No hardware triggers to avoid possible bias. il it
* Event rate 3 MHz at maximum luminosity B ST
* High level trigger is needed (online filter) »  a
* Data flow ~ 20GB/s
Time of flight system: R 106; o<Y o+
g =50 ps % i SPD CMS
30 /K separation for p < 1.5 GeV/c b 107 .(aﬂer On“n%g'l;te ATLAS
?-B 1 04; comprss® @ o tor:
E .Hl
FARICH ir = r OPAL BaBar
separatio i 103; @:iE! @ um,
momentt B T T T T 1m
Event size (Bytes)
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SPD 2-nd stage

Physical program:

e unpolarized and polarized proton and

Volume 119, July 2021, 103858
deuteron structure:

— gluon helicty
— gluon TMDs (Sivers and Boer-Mulders) e
— gluon transversity and tensor polarized On the PhYSICS potentlal to study the

gluon distribution in deuteron gluon content of proton and deuteron at

— unpolarized proton and deuteron gluon PDF

at high x NICA SPD
non-nucleonic degrees of freedom in A. Arbuzov ?, A. Bacchetta ® € M. Butenschoen ¢, F.G. Celiberto P & & f U. D’Alesio &1 M. Deka 2,
deuteron...

|. Denisenko 2, M.G. Echevarria ', A. Efremov 2, N.Ya. Ivanov #J, A. Guskov » k & &, A, Karpishkov !
* tests of QCD factorization 2 Ya. Klopot * ™, B.A. Kniehl ¢, A. KotzinianJ °, S. Kumano P, J.P. Lansberg 9, Keh-Fei Liu " ... O.

. . . T d
« charmonia production mechanisms & oy
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Gluon helicity distribution

Ag(x) : -

Phys.Rev.Lett. 113 (2014) 1, 012001 E[C

/--\ _I I T T T T I T T T 1 I T T 1 T I 1 T T 1 I T T T T I
++ +— x|
o — 0 50 5 NEW FIT ¢
A = < 1 90% C.L. region
ottt +o01™ < [ o m DSsvx
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—_— = | ]
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0.6 - 771 NNPDFpol2.0 NNLO MHOU 0.5 [
=1 BDSSV24 NNLO g
0.4 1 MAPPDFpol10 NNLO SPD
= i
o 0.0 1 i
—0.2 - I S
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_0.4_ IIIIIII\IIII:IIIIIIII IIII
-0.2 -0.1 -0 0.1 ; 02 0.3
—0.6 1
. | . ] dx Ag(x)
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X

arXiv:2503.11814
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https://arxiv.org/abs/2503.11814

Gluon Sivers function

100 102 T T rrrrrTrTrT T T Ty
: 22 CGI d-type —-—- }
# Stmin=10% - q
ol b= 2% | o b = cat fiype — |
Bt [ e pos. bound i
i ] _ 100; 02 =2 Gev? _
s o = 0 . inclusive m°
0.01 | and
102 L 1. .
_ : -« . iinclusive D
o 0.001 ¢ F ~ \»}. ] (pr % u‘*‘X)
~dolk)-do ) . . 103 L o b b b e NN L % -
g o000 LiNClusive TO(PHENIX)\! 0 01 02 03 04 05 06 07
0.01 01
100 T . . .
e GSF - correlation between K oa=10% Maximized first KT moments for GSF, CGI-
L4 lll'-"{-min: 2%
. T0E 3
transverse spin and gluon k. B T GPM (PRD99, 036013 (2019))
e Can be indirectly related to gluon " P
OAM E
* Probed by TSSA sory
(¢5) 1 P A . (¢ ¢) n.001 L KRE-SIDIS
o xX 1+ £ - Ansin 1 — i .
Pe 00001 iNClusive T°(PHENIX)
. 0.01 0.1
* Poorly known, extracted in GPM, x

CGI-GPM, and very recently TMD

approaches (spectator model) First KT moments for GSF,

GPM (JHEP09(2015)119))
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Gluon Sivers function

100 b T g <
2r- e &, 8 == ]
‘f ;;f";'"‘j gj CGl f-type ]
10 L A K-mFi:"[ 2“ | GPM - - - -
- ol 2] s pos.bound ««vii v
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> 3
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l/-/f/u k)-dol—k) e 1.2
0.5 1 ii0
3.0
. % B
* GSF - correlation between L S oo N
. < i
transverse spin and gluon k. N
. . —0.5 1 E
* Can beindirectly related to gluon ro .
OAM =t replica 11 : o ;| replica 11

* Probed by TSSA
o(¢) x 1+ P - Ay sin(¢pol — ¢)

227 —0.5 0.0 0.5 1.0 —1.0 —05 0.0 0.5 1.0
p. [GeV] P [GeV]

* Poorly known, extracted in GPM,
CGI-GPM, and very recently TMD| Unpolarized gluon density for a transvsersely polarized nucleon along X-axis,
approaches (spectator model) (Q=1.64 GeV) in the spectator model - Bacchetta, Celiberto, Radici (EPJC 84 (2024) 6, 576)
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Charmonia production as a probe of gluon TMD PDFs

Charmonia production

* dominated by gluon-gluon fusion Charmonia production at SPD
* high cross-section * High statistics, wide kinematic coverage
* J/y can be easily reconstructed from the pu'u decay, * Ability to measure also production properties of
\p(2S) and ¥, can be reconstructed based on this decay B(2S), x_. and x
_ ? Act c2
* hadronization of cc pair is not well understood .

Strategy is to obtain all possible measurements

theoretically: in the wide kinematic range

- (! lor E ion M | . .
(Improved) Color Evaporation Mode * Constrain both theoretical approaches and PDFs

- oM 0 tly below M
« Our p. are mostly below
_ NRQCD pT y U]
» TMD factorization does not always hold * NRQCD LDME — shape functions

1, might be the best probe, but its observation is (Echevarria, 2019)

challenging experimentally

* the J/y signal is “contaminated” by feed-down
contributions
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Inclusive J/J measurements

= 4000 o’ o : : — :
2 — Total pp, VS=24 GeV,
3500
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* Reconstruction efficiency: ~40% ' ' Mw) GeV) ¢ F
 Statistics: ~ 4.5 - 5.0 M (selected relative stat. error of do/dx e do/dcos 6, < 1+ Ag cos” 6,
events) per year s OF case 1 -
5 0.045 o B
* Large background due to pion decays : .- et e
and muon misidentification in RS 2 oot b v v ‘ ‘ ‘
OAOSE— :l ] : H : : : I I I l l ‘ ‘ ‘ ‘
0,025 C
Observables: 002 Projected statjstical unéétainties for SPD
* Ccross-section, p_-, x.-dependencies 0015 E- (1 year of|data taking)
E 01—
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e asymmetries obad il ‘H'@'A‘ AT AT ST L A ,”‘0}6. ] R R TR T S BT IJ‘F;I '(ég\}}(;)a
Xg T
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A for inclusive J/{ production

o(¢) x 1+ P Ay sin(édpor — @) PrOJected stat. uncertalntles and predictions from PRD104, 016008 (2021)
0.7 i . 00! ; . :
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B ypsstageNe (middle point) 5 2008 0% ¢ NRQCD - | NROCD & b
01— Pp=i- P 05 ICEM —-—- == | i ICEM -—-— i
E @ 2006+2008 s } : : :
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: ;o . dAlesio ~
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L y ey T Y] 005 i 0.5% level 7 11 e T e
015 01 -005 0 005 01 015 i g <. e L o Lol L L
Xp 1 08 -06 04 02 0 02 04 06 08 1 408 08 04 02 0 02 04 0 08 1
Xy XFy
PRD82, 112008 (2010) N — S ——
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F SPD NICA NRQCD —— SPD NIGA NRQCD
02 o P+p 04 pT = Jip(18)+X ICEM ---- | p o= Jip(18)+X ICEM ———-—
E o p+Al ) S=24 GeV 003 - S$=24 GeV 1
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0.1 005 |
0.05 3 \ 002 , .
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E o5 | L Y T tiond o
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015F [Som = 200 GeV, |y|€[1.2,2.2] il SIDIS1T = ] o . ]
02K 3% scale uncertainty not shown ) R T i
-0255"“"‘“'"“"""‘“"“"""""" = 0.01 R S S
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15 )8:2 0.1 5_1 —d_B -UI_G -DIA _0'-2 '0 0"2 0‘-4 DI_B D‘-a 1 -1 08 -06 -04 -02 XFOW 02 04 06 08 1
XFy
PRD98, 012006 (2018) Here and in the following P = 0.7 and is assumed constant during the run.
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A for inclusive J/{ production

o(¢) x 1+ P Ay sin(édpor — @) PrOJected stat. uncertalntles and predictions from PRD104, 016008 (2021)
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a b 0? *+§‘+ B i j *+ * * i * L } * +ﬁ i p'sﬂﬁ,ﬂml%»fx ICEM —---
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PRD98, 012006 (2018) Here and in the following P = 0.7 and is assumed constant during the run.
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A, for inclusive J/{ production

PRD94 112008 (2016) Projected statistical uncertainties for SPD

2 008 F
= — case
44 4 = 0.12r (a) ° 00451~ —case 2
A Ao o077 -0 < 0.4 PHENIX p+p 510 GeV o0t~ — case 3
LL ™ ¢ 7 gt 4 ot- P W nee
0.08[ |- pHENIX 2013 Data 003
[ PYTHIA+NNPDFpol1.1 20 range 0.025F-
A'I/ﬁ’ ~ Ag(‘rl) Ag(‘rz) ~99— J/¢+X 0.067 assuming ﬁ::wwm =1 002;
LL ~ arr g “E
g(ﬂ'}]_) g(;BQ) 0.04— 0015~
N 0.01;— o,
0.02f j oo [ OMIWVT ____________________
0:7 lw;wm;’/;' L o ]H ! ]ﬂ - Hl T NS W P S L
04 - . Y . ! ‘ i R b. (Gev/c)
"’\.‘ 2 2 ool b e i
sl xAg(x,Q*=10 GeV?) | R N R 20%E p——
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0.04 ;— —case 3
. 0.06 0.035
;{:.‘ N (b) 0.03 ;—
0.04F oozl
r ooz~
o 0.02— 0015~
0.1 DSSV14 = A ; l g
B and 68% C.L. contours b O v 00TE o
02 MC i C_" R 0.005 i— ------ 0°5/0|eve|[ ------------------
: ~Iepracas o N T T oF i el | | ﬂ 1 | | 1
MC-average == 0.02 . ) ) . 0 02 04 06 08 1 12" 14 16 18 2 22
-0.3 NNPDFpoll.1 == - T2 1.4 1.6 1.8 2 22 Iyl
: and 1-o contours |y| Y | y | <2 IS Covered
04 ; . . . s ! s
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At SPD both Ag(x,) and Ag(x,) are expected

to be close to the maximum
PRD100 114027 (2019) X,~2x107 « Ameasurable A  of the order of 1-10% can

be expected
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A, for inclusive J/ production (impact of SPD measurements)

A _ Ao o™t —ot™
LL — 5 gttt Lot
ALY Ag(x1) _ Ag(xs) &ggHJ/@MX

LL =~

g(w1) g(x2)

LL

0.4 T \
xAg(x,Q*=10 GeV?)
03 f G = 1
02 [t SPD
0.1 | i e :
0F
-0.1 __,«_—;.‘»""‘:f> ;.»""f. DSSV14 = A
.—-""":‘: ;;; 7 and 68% C.L. contours
0.2 piiT MC-replicas
MC-average ==
03 NNPDFpoll.l == A
and 1-c contours
04 (3 1 1 L L L L
0.001 0.003 0.01 0.03 0.1 0.3 05
X

PRD100 114027 (2019)

0.100

Impact of SPD data is estimated by oo O

< 3050
* generating “SPD data” g

according to NNPDFPol1.1

* prescribing stat. errors
estimated for 1 year data taking
at SPD with Vs = 27 GeV

* Bayesian reweighing of MC
replicas

Ag/g

0.6

. The relative uncertainty decreases

by a factor of ~2 for x ~ 0.2-0.3.

XAg

Relative uncertainty of:

Ag

e

0.1 0.
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On other measurements with charmonia

and
Xc1 Xc2 3.0 GeV < M,, < 3.2 GeV
3.0 GeV < M(u'w) < 3.2 GeV, E_ > 0.35 GeV i 100
- A0° ¥ - :,E, C e CT18-NLO p+p—p+/ly+p
> p— S __F P ABMP-NLO Af =24
= s " w 250: T HERA-NLO e Gev
© E — Yy E T 801
2 b -----background 200— —
= 5007 C
gk : P(2S) -
400; 150~ @
300 f— B “ g
= 100 7 ~100K selected events per
200 ~500K selected events for - year
100f- both states per year %E
E |‘|m-w—_l_lw|lwll‘llwl %:"'IH"I""I""""‘I"“""‘IH"
8_2 03 0.4 0.5 06 0.7 0.8 4 0.45 0.5 0.55 0.6 OAGS_ _0.7 04_75 0.8
M(pruy)-M(u'w) (GeV) M(uwr'n)-M(uw) (GeV) 8 5 5 T
Ecal FastReco + tracking, E >0.35 GeV Y
g = "Entries 25030 Xie, Goloskokov, EPJC85, 680 (2025)
£ 4000 2 I et 379.3/37 ! ! !
fiv = Constant 3885 +30.0
3500 — Mean 0.4158 +0.0002
E Sigma 0.02931 £0.00014 .
s000F- * Double J/ production
BOE — 50-100 events/year for both J/{ dilepton decay modes
2000 —
s00E- — pr dependence complimentary to high energy experiments
1000 e J/Py: limited statistics and large background
500 — . .
g e Exclusive J/U production for GPD?
2

0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.85 0.7
Miyu' ) - M{p'’) [GeV)
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Prompt photons: A

5 014
1 0.12f—
< o8l 3x. pr< 31 GeVie * Straightforward theoretical 01F-
o6} ) interpretation ooal-
04} * very challenging experimentally 008
02t 00 43_
or C
0.02 . 0021~
2t ! FPTHp > YO+ X (s = 200 GeV, |n|<0.35 L .
4 ~ PHENIX
o6t E704 0.01- o | | arX|v 2102 00442
— L i Stat Epol} qbar =>yg (QSF anmhll] —
08+ o Z i - [g(pol) gbar->yg] + [q(pol) g -> qy] (QSF all) ——
<C i 0.08 | Stat+syst glpol} q -> > ya (GSF)
el 3 L i I [PUS P . Sum
02 01 0 1 62 O 4<p1<6 GeV, sqrt S=27 GeV,
i - qgq Contribution 0.06 ¢ SIDISL. W =pr T
B ggg Contribution Model 1, min/max k
PLB345, 569 (1995) -0.01 - ggg Contrlbutlon Model 2 mln/max 0.04 L ™
L v | | P .
5 6 7 8 9 1 O 1 1 12
P, [GeV/c] 002
Phys. Rev. Lett. 127, 162001

Predictions: Saleev, Shipilova, 2020
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Prompt photons: A |

AI}:LR‘J

A o vl
g(x1) ® Ar(x2) ® EID7YID | (1 &, )
g2(x1)

Impact of SPD data is estimated by

generating “SPD data” according
to current PDFs (NLO, NNPDF3.0,
DSSV2014) - W. Vogelsong, 2021

prescribing errors estimated for
1 year data taking at SPD with
Vs =27 GeV

Bayesian reweighing of MC
replicas

ALL

Prompt Photon ALL

* total
= direct
+  frag.
fact./ren. scale p

4 5 [ 7 B8
Py (GeVic)
Prompt Photon ALL
0.4
0,351
0.3F
total prompt 1 A |
0.25 )
02 scale Py |
015 A { 1
[(R]== { + ] |
) |
0.05— ¢ |
o
—0.05—
E | il |
01 4 5 6
P, (GeVic)

Ag/g

0.10F

1.0

—— DSSVMC
I- DSSV{ew

fr Ag(x)
'Q? = 10CeV?

Eﬂy(:r)/ Ag(r)pssvis

= 04 07
Predictions with new “data” added (top)
and ration of the uncertainties (bottom).

Courtesy R. Sassot, |. Borsa, 2021.

Uncertainties are reduced by factor of 2 for
0.4<x<0.7
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Measurements with D mesons

Projected Statistical Uncertainty of Aﬁo

DO — n* + K : secondary vertex Z resolution

0.5
—«— DSSDo,=624m = projected stat. uncertainty
350 H —e— MAPS o, = 34 um 04— D. .
E —e— MicroMegas a, = 191 - - AN DAleSIO param
300 caidlad E
- 03— | —— AQ: SIDIS1 param.
250 =
r 0.2
200} -
- 01?
150[— C
L — 1
100?— 0: ’ f
50;‘ ol _0'1?
iR U Y U PREE TR ottt | _o.2[Project stat. uncert. for one year of data taking,
%o~ Zuc (CM) 0 3Eﬁwit‘hout FARICH PID
10 —SGD° _o.4Predictions for A: CGI-GPM, Karpishkov, Saleev 2022
E — BKG:MB -
B 0 +I/- — SIG+BKG e Lo b by P b v b e g
D° - K, |x.[>0.2 %2108 06 04 02 0 02 04 06 08 J
10° Xg

%

The largest production cross-section (almost two orders of magnitude larger than for J/y)

’O_ * Small D-meson boost at our energies
mi * Interpretation requires c-quark FF
* Projected uncertainties shown for D° only
17 o) ¢ D meson pair production - probe for Boer-Mulders function

M,,, (GeV/c®)
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Deuteron gluon structure

 0(xp,p1), vector and tensor angular asymmetries I

Nonbaryonic content of deuteron:
16¢) = ¢, |NN) + ¢, | AA) + ¢3| CC)

10y d = —
4 SRRy
lD”i‘m""-"‘.----__.ﬁ
=10}
G 10?}
107}
| Phys.Lett B783 (2018) 287293 | Gluon transvers lty
sl
N 1?_1! - g AS
g 148 I _//,
:‘N:‘ —
ﬁﬁ 0'95? Ratio deuteron/proton | +
9 995 02 04 xa_s 08 1 A+o-.—
A 5100 Tensor PDFs
Fig. 6. Gluon PDF in the deuteron and in the nucleon. 1 Y Sh' Ku”'lﬂnﬂ fbr DY: fﬂoﬁf X
Arg(x) = Ag(x) - - Q2=25GeV?
y f ik i 0.004 2= 2
o 02=30 GeV
UnpOlarIZEd __________________ xd u=x8,d=x85
. 0.002
gluons at high x:
O] csecmgon, i . = \
""""""" x6e=x8.¢ 3 /i
-0.002 x8,8 . !
..... g,=02 GeV '
9=0 g, =05 GeV -0.004 x8u=x84d\ )
y=05  _ _ _ 4 -10Gev i
0.001 T T 0.01 0.1 1
10 20 30 40 50 60 70 80 %

M2 (GeV?)
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SPD project

Mid-2000s 2014 2021 2024 2025 ~2030 ~2035

Idea of the experiment

* SPD Technical Design Report passed
international expertise and published:
Natural Sci. Rev. 1 1 (2024) arxiv link

Letter of Intent

Physics programme update

Foundation of the SPD Collaboration

Conceptual Design Report
I

* The first phase of the SPD project is
included into the JINR’s 7-year plan N I ‘ A
(2024-2030) Technical Design Report

Start of the detector construction

1-st phase measurements

2-nd phase measurements
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https://arxiv.org/abs/2404.08317

SPD Collaboration

P 2028-
A

XI SPD Collaboration meeting, Tomsk State University, May 18-22, 2026

The SPD Collaboration consists of 36 institutes from 14 countries and has more than 400 participants.
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* The SPD experiment is a comprehensive facility to study polarized and unpolarized gluon content of
proton and deuteron at high x in p-p and d-d collisions with Vs up to 27 GeV. The detector is optimized for
three complementary probes: charmonia production, prompt photons, and D-meson production.

* SPD can contribute to:
— gluon TMD (Sivers and Boer-Mulders)
— gluon helicity PDF
— gluon transversity in deuteron
— unpolarized gluon PDFs of proton and deuteron

* The SPD physics program also covers large variety of different aspects of QCD during the initial and final
stages of the experiment.

* The SPD Collaboration is active and growing.

* The physical program of SPD experiment with respect to nucleon gluon content is complementary to those
of experiments at RHIC, EIC, and proposed fixed target program at LHC (AFTER, LHC-Spin) and EicC.

spd.jinr.ru
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Thank you!
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