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(NICA) SPD at NICA (JINR, Dubna)

NICA:
Nuclotron-based lon Collider fAcility
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(NICA) OUSIM, Oy6Ha: NICA, ceHTabpb 2022

Aerial view of NICA in September 2022
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(NICA) OcHoBHbIe uenu akcnepumeHTta SPD

Spin Physics Detector (SPD) (http://spd.jinr.ru):
YHuBepcanbHbIN getektop Ha Konnangepe NICA

= (OcHoBHble uenu SPD:
NOHMMaHMEe CUSIbHbIX B3aMMO4EeNCTBUN UCNOSb3YS NONAPU3OBaHHbLIE
1 Henonsipu3oBaHHbIe pp- u dd- coyanapeHus s < 27 3B

- 3D cTpyKTypa npoToHa n AeUTpoHa, B ocobeHHocTu, PDF n TMD npu 6onblimnx x

= B nob6aBoOK, 3anfaHnpoBaHa nporpaMmma B Ha4YarnbHbIW nepuog padotsl SPD
ANA LWMPOKOU obractu nccrnegoBaHum aaepHou busmku n pusmkm yacTtuy,

Parton distribution function (PDF) — doyHKkuuu pacnpeneneHna napTtoHoOB
Transverse momentum distribution (TMD) —
napToHHbIe pacnpeneneHus ¢ y4eTomMm nonepevyHoro MMnyribca
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SPD in Worlid Iandscape of polarlzed physms

@

Ceccusna YueHoro Cosera O®BI HULL KU - MUAD, 22 npekabpsa 2022
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Experimental SPD RHIC EIC AFTER | LHCspin
facility @NICA @LHC
Scientific center JINR BNL BNL CERN CERN
Operation mode collider collider collider fixed fixed
target target
Colliding particles pl-p pl-pt | el-p',d" e | p-ptd’ p-p
& palarization dl-d « SPD iS unique in dT dT-mOdE!
p'-d, p-d'
Center of mass <27 (p p) | 63,200, 20140 (ep) 115 115
energy \syw, GeV | <13.5 (d-d) 500
<19 (p-d)
Max  luminosity, ~1 (p-p) 2 1000 up to 4.7
102 ecm™2 57! ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025
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Straw tracker Magnet Range system MicroMegas Endcap Range system Endcap

SPD detector at the Stage |

MicroMegas
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@ Trackers:charged track and momentum, limited PID ¢

@ Range System:rough hadronic calorimeter,
muon /hadron separation

Ceccusa YueHoro Cosera O®PBI3 HULL KM - NMUAD, 22 nekabpa 2022 B.T. Kum

Possible light ion
collisions alongside

pp, dd

Up to v/s = 10 GeV and
reduced luminosity

Solenoidal field B ~ 1 T

BBC and ZDC for online
polarimetry

Micromegas central
tracker

Straw Tracker
0 ~ 150 pm,
6(%) = 8.5%
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(NICA) SPD detector at the Stage Il

@ Event rate at peak

Electromagnetic calorimeter Magnet Range system Vertex detector Endcap ~ Range system Endcap luminosi ty an d ener gy
Time-of-flight system Electromagnetic calorimeter Endcap ~ 3 MHz
Straw fracker ) N . " Tine-of-flight system and Aerogel Endcaps @ Silicon vertex detector :
Vertex defector ™ —_— MAPS /DSSD
Beam pipe | e A\\ Zero degree calorineter @ T ime of fli ght (TO F) for
=" Beam-beam counter L / TN / PID (5 t ~ 50 PS) , 7T/ K
A\ _ Straw tracker Endcap / S€ pa ration u ptO 1 . 5
: | GeV/c

@ Electromagnetic
_— calorimeter (ECAL)

Se __ 5%
% = 5% 4 1%)

@ Aerogel counter in
endcaps, extends 7/K
separation upto 2.5GeV/c

GeV/c

@ Improved vertex detector for short lived particle decays
@ TOF+AGel for better PID
@ ECAL for v, eT identification
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@I@ SPD detector data flow

No hardware trigger at the SPD detector to avoid a possible bias:
3 MHz event/s at 1032 cm?/s design luminosity
20 GB/s = 3 102 events/year = 200 PB/year

The SPD setup is a medium scale detector in size,
but a large scale one in data rate!
Comparable in data rate with ATLAS and CMS at LHC

SPD data rate after online filter

Considerations 106 L
of SPD Tier-1 at PNPI ~
& F SPD CMS
% 105 e ‘after onhne filter.-- ‘ ..................................
a4 - '
?ﬁ B
20 10"
~ -
- 3| | ;
10 ‘BELLEI
B IIIIIi | | | | IIIIIIi | | | I I |
10* 10 10° 10’

Event size (Bytes)
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(NICA) SPD detector site
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(NICA) SPD project timeline

2007 Idea of SPD project is included to NICA activities at JINR

2014 SPD Letter of Intent is approved by JINR PAC
2016, 2018 SPD-oriented workshops in Prague

2019 SPD project is approved by JINR PAC (up to 2022)
The 15t SPD proto-Collaboration meeting

2020 Completion of SPD Conceptual Design Report (CDR)
http.//arxiv.org/abs/2102.00442

2021 (July) SPD Collaboration is established
Two SPD-physics papers were published

2023 (January) SPD Technical Design Report (TDR): 1st public version

2028+ Start of SPD operation
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(NICA) SPD Collaboration: established in July 2021

Spin Physics
Detector

Armenia
Belarus
Chile
China
Cuba
Czechia
Egypt
France
Italy
Poland
Russia
Serbia
South Africa

Ukraine 33 laboratories and individual contributors from 14 countries

— 300 participants
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(NICA) SPD Physics highlights

» Spin Physics Detector (SPD) at NICA (http://spd.jinr.ru):

a universal setup for comprehensive study of

polarized and unpolarized gluon content of proton and deuteron

in polarized and unpolarized high-luminosity pp- and dd- collisions at Vs < 27 GeV

» Complementing main probes: charmonia (J/Psi, higher states),
open charm and direct photons in inclusive and semi-inclusive modes

» SPD can reveal significant insights on:
- gluon helicity structure

- unpolarized gluon PDF at high x in proton and deuteron
- gluon transversity in deuteron

» Comprehensive physics program for the initial period of data taking
(can be performed even at reduced energy and luminosity)
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(NICA) SPD Physics:

S Progress in Particle and Nuclear Physics

“
. Volume 119, July 2021, 103858

Review

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

A. Arbuzov 2, A. Bacchetta b €, M. Butenschoen 9, F.G. Celiberto ® < f U. D'Alesio 8 ", M. Deka 2, I. Denisenko 2,
M.G. Echevarria’ A. Efremov 2, N.Ya. Ivanov ®J, A. Guskov # K & & A, Karpishkov ha va, Klopot * ™, B.A. Kniehl d A
Kotzinian )+ °, S. Kumano P, J.P. Lansberg 9, Keh-Fei Liu ", F. Murgia ", M. Nefedov ', B. Parsamyan * ™ ©, C. Pisano &
7, M. Radici ¢, A. Rymbekova ?, V. Saleev ha A, Shipilova ha Qin-Tao Song *, O. Teryaev *

ArXiv e-Print: [hep-ex]

Possible studies at the first stage of the NICA collider operation
with polarized and unpolarized proton and deuteron beams

V. V. Abramov!, A. Aleshko2, V. A. Baskov?, E. Boos?2, V. Bunichev?2, Phys. Part. Nucl. Vol.52, 2021, 1044
O.D. Dalkarov?, R. El-Kholy*, A. Galoyan®, A.V.Guskov® V.T. Kim"8
E. Kokoulina®?, 1. A. Koop !0 1112 "B F. Kostenko !3, A.D. Kovalenko?, ArXiv e-Print: [hep-ph]

V.P.Ladygin®, A.B.Larionov!#1% A.1.L'vov3, A.I. Milstein!® !,

V. A.Nikitin®, N.N. Nikolaev'®?% A.S.Popov!®, V.V. Polyanskiy?,
J.-M. Richard!?, S. G. Salnikov %, A. A.Shavrin” '8, P. Yu. Shatunov 1% 11
Yu. M. Shatunov 111 O. V. Selyugin!#, M. Strikman '?,

E. Tomasi-Gustafsson?’, V. V. Uzhinsky '3, Yu.N. Uzikov® 2122 *,

Qian Wang?3, Qiang Zhao?* 2>, A. V. Zelenov’
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https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477

(NICA) PDF kinematic range
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@’f@on probes at SPD: charmonia, open charm, direct photon@

not only J/y!
J/I i

| S/
-3 | } / Prompt photons

./....I....I....I...

() 10 20 30 40 50 60
vs(GeV) 1
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Helicity gluon PDF Ag(x): Spin Crisis

AG =

1

Ag(x)dx

S =% =%AT +AG + L

Ceccusa YueHoro Cosera O®PBI3 HULL KM - NMUAD, 22 nekabpa 2022

B.T. Kum
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(N’fCBNPDF Coll.: quark and gluon helicity PDFs of proton @
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NNPDF Coll.:
E. Nocera et al. (2014)

Quark helicity PDF:
few percent level uncertainties

It is measured with
high precision in DIS

Gluon helicity PDF:
still rather high uncertainties!

Hadron collisions have a better
sensitivity to measure it.

NNPDFpol1.1
—— positivity bound

10°

10°* 107
X

B.T.

-

4+ SPD has a good opportunity!
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(NICA) Helicity gluon PDF Ag(x):

@

accessible with SPD Phys.Rev.Lett. 113 (2014) 1, 012001 FEJC
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—_ i ‘ i
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(NICA) Parton Distribution Functions (PDFs): 1D = 3D

@

Parton 1D-distribitions:
Integrated over kT PDF: f(x; logQ?2) 4+ modulo logQ?- DGLAP evolution

Extension to parton 3D-distribitions:

» Generalized parton distributions (GPDs): G(x, b, n; logQ?)
b - impact parameter, n — unit vector

» Unintegrated over kT PDF: ®(x, kT, n; logQ?) (two theory approaches):
= Unintegrated collinear PDF (uPDF)

= Transverse momentum distribution (TMD)
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<NfCA5 SPD: towards 3D-structure of nucleon

TMD PDFs

" GPDs " -

P, by P, Ky P,

Collinear Z Gene_rall:zed_Partof) Transverse Momentum
approximation Distributions Dependent PDFs
(common PDF) ‘
3D structure of = - r " &8 | connection to
nucleon | L/ / orbital moment

13
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(NICA) TMD: quarks in polarized nucleon

@

Nucleon (N) with momentum P and spin polarization S=(U,L,T)
New information in quark TMD of nucleon: ®9(x, P, S)

®a(x, P, S) contains time-even functions:

fi(x, kT) <= unpolarized quarks in unpolarized N €= density

g9, (x, kT) = L-polarized (chiral) quarks in L-polarized N €= helicity
g9+(x, kT) = L-polarized (chiral) quarks in T-polarized N €= worm-gear
ha;(x, kT) €= T-polarized quarks in T-polarized N 4= pretzelocity

and time-odd functions (spin-orbital correlations):
fl9, (x, kT) €= unpolarized quarks in T-polarized N 4= Sivers f.
hlda (x, kT) 4= T-polarized quarks in unpolarized N € Boer-Mulders f.

Integrated over kT quark TMDs:

fa(x) = a(x) = q.-.(x) + q.-.(x)

g9, (x) = Aq(x) = q.=.(X) - q,=(x) €= helicity (chirality)
ha:(x) = 8q(X) = g7=+(X) - gr=(X) € transversity

Ceccus YueHoro Coserta O®BI HULL KU - MNAD, 22 pekabpsa 2022 B.T. Kum «Craryc akcnepumeHTta SPD» 21



unpolarized
parton (Q)

Q nucleon (N)
O

n quark spin

= nucleon spin
5;#‘ P

quark
© ®transverse

/ ET momentum
> P

(longitudinal direction
= movement of nucleon)

TMDs: quarks in nucleon

Q vy

fi

number

U density

O

g1

helicity worm-gear
L h1 y il
g1t hi hiT
worm-gear transversity| pretzelosity

i,
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(NICA) Gluon TMD with SPD

@

Gluon Boer-Mulders
function

Unpolarized gluons at high x

Gluon helicity

In proton and deuteron

circular linear

|

lg
hlL

GLUONS unpolarized

lg
172 th

T

Gluon transversity in

B hy;

Gluon Sivers function
deuteron
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(NICA) Gluon transversity of deuteron

Unpolarized distribution functions

q=9 +q g=9.+g. Transversity comes from spin-flip:
As=2 forbidden for spin-’2 nucleon in LO
= gluon transversity in nucleon =0

. : 0.
Transversity distribution functions

AG=q:—q,

Helicity distribution functions

-

AGg=q-q. Ag=g]-g:

Lepton pairs S. Kumano

Argx) = Ag(x)

Exy
0.1

—
—
— —
-— - -
— o — —— - -
—— - —

SPD has a unique opportunity to measure

gluon transversity in deuteron for the first time! e I s
Ly e g, =02 Gev

To probe new non-nucleonic degrees of L e 3?5&3

freedom in deuteron! 0NNy
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™MD

Aqgen << Qyor P; << Q Qror Py

Sivers effect: L-R asymmetry
of unpolarized kT-distribution
in T-polarized nucleon

Collins effect: due to fragmentation
of polarized parton

Ceccusa YueHoro Cosera O®PBI3 HULL KM - NMUAD, 22 nekabpa 2022

- Collinear factorization:

twist-2 and twist-3

- TMD-factorization

Overlap/matching region

Nontrivial x and kT correlation?

B.T. Kum «Craryc akcnepumeHTta SPD»
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SPD Physics at the initial Stage |

V.V. Abramov et al., Phys. Part. Nucl. 52(2021) 1044, e-Print: [hep-ph]

Comprehensive and rich physics program at the initial stage of SPD data taking:

Spin effects in pp-, pd- and dd- (quasi)elastic scattering

Spin effects in hyperon production

Search for exotic states (glueball, penta- and tetra- quarks)

Multiquark correlations (SRC) in deuteron and light nuclei

Dibaryon resonances

Hypernucleus production

Open charm and charmonia production near threshold

Large-pT hadron production to study diquark structure of proton
Large-pT hadron production to study multiparton scattering
Antiproton production measurement for astrophysics and BSM search

VVVVVVVYVVYYVYY

Ceccus YueHoro Coserta O®BI HULL KU - MNAD, 22 pekabpsa 2022 B.T. Kum «Craryc akcnepumeHTta SPD» 26


https://arxiv.org/abs/2102.08477

)
@ PNPI @ SPD

[MMNAD

B.T. Kum, E.B. Ky3HeuoBa, A.B. 3eneHoB, [1.E. CocHoB, M.IO. ManbiweB, C.A. bynaHoBa, A.B. CepreeB
O.J1. ®eguH, B.I. Manees, C.I. bapcosB

B.J1. lonoBuos, J1.H. YBapos

A.K. KupbsiHoB

» dusuka:

- NMOMUCK 3K30TUYECKUX Pe30HAHCOB: MMI0o0sbI, NeHTa- U TeTpa- KBapku
- MHOronapToHHble B3auMoOencTBuUA

- OMUKBapKoOBble CTeneHu ceoboabl

- MK reHepaTtop ULYSSES

» TpekoBas cucrema:
- CyutbiBawowana cucrema: ontummsauma ASIC-peLwueHnn
- BbiCOKO- U HN3KO- BOJNbTHbIE CUCTEMbI

» KomMnbIOTUHI 1 Nnepegaya AaHHbIX

» PukcupoBaHHas MULLIEeHb 2024+

Ceccus YueHoro Coserta O®BI HULL KU - MNAD, 22 pekabpsa 2022 B.T. Kum «Craryc akcnepumeHTta SPD» 27
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TpekoBasa cuctema SPD: R&D

'pynna NMNAP (E.B. Ky3HeuoBa) & Npynna OUAN (T. EHuUK):
TpekoBasi cuctema SPD: R&D ToOHKOCTEeHHbIX TPyo6ok u ASIC peweHnn

» CteHp TpekoBoun cucrtemol SPD/SHiP/Dune/RD51 va CINC LUEPH
ANnA onpeperieHNAa TpedboBaHUN K CYNTLIBAKOLLEWN 3NIEKTPOHUKe

CeaHcbl TecToBbIX uamepeHumn ¢ ASIC: VMM3,VMM3a, Tiger
- 2021 (oKTA0pL),

- 2022 (anpenb-man, Man-MOHb, UKOJIb, OKTAOPbL-HOSOPL)
- naeT obpaboTKa AaHHbIX

- YacCTb pe3ynbLTaToB BKIHO4YeHbl B TeKywyro Bepcuto SPD TDR

‘ _:GOLIATH”
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OdononHurenbHbIe BO3MoXHoctu SPD

TectoBasa 3oHa SPD:
Bo3MoxxHocTtu SPD chm3uku B moge oMKCMpoBaHHOU MULLEHMU
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(NICA) 3AKNIOMEHME

» Spin Physics Detector (SPD) — yHuBepcanbHbIN OeTeKTop Ha Konnaungepe

(http://spd.jinr.ru):

@

JeTanbHoOe U3yyeHue nonsipmM3oBaHHOU U HeNonsipM3oBaHHOU (FMKOOHHOWU) CTPYKTYPbI

NPOTOHAa U AEUTPOHa B pp- 1 dd- coyaapeHUsax npu BbICOKOW CBETMMOCTH A0 Vs < 27 NB

» [NononHsAwwme apyr gpyra npooHUKU: KBapkoHuu (J/Psi n BbicLLne COCTOSIHUN),

OTKPbITbIA YapM U NpsiMbie (POTOHbI

» SPD ponxeH yny4ywuntb noHMMaHue 3D rinoOHHON CTPYKTYPbI:

- Nonsipu3oBaHHbIE IMIOOHHbIE pacnpeaeneHus
- HenonsipusoBaHHble PDF n TMD npu BbICOKUX X B NPOTOHE U AEUTPOHE

- INMIOOHHaA TpaHcBepcutn (transversity) B oentpoHe ...

» LlUnpokaa nporpamma Ha nepBou ctaguu SPD:
- MOMCKU IK30TUYECKUX Pe30HAHCOB (rnodorbl, NeHTa- U TeTpa- KBapKu), ...
- MHOIroKBapKoBble (PFTYKTOHbI U MaNOHYKNOHHbIE KOppPensuum ...

» dusndveckasa nporpamma SPD aBnseTca gononHawoLwWwen nccrieqoBaHns
Ha COMPASS++/AMBER, RHIC, AFTER@LHC, LHC-spin, EIC

» SPD CDR: arXiv:2102.00442

» ®dusuka SPD: A. Arbuzov et al. ,Prog. Part. Nucl.Phys. 119 (2021) 103858 e-Print: 2011.15005 [hep-exX]
V.V. Abramov et al., Phys. Part. 52 (2021) 1044, e-Print: 2102.08477 [hep-ph]
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