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NICA Collider @JINR, Dubna

O6beaUHEHHbIN UHCTUTYT
AfepHbIX UCcCnefoBaHn
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(NICA) NICA Accelerator Complex @JINR, Dubna

@

heavy ions (up to Au) Vsyy = 4 - 11 GeV @luminosity L ~ 1027 cm2 ¢’

polarized p?7 (d7) & unpolarized p(d) Vsyy = 8(4) - 26(13) GeV @luminosity L ~ 1032cm-2 ¢!

JIMHeMHbIN ycKkopuUuTenb BM@N SPD
THKenblX MOHOB DKCNepuMeHT YcTaHOBKaA
«BapnoHHaa MmaTtepusa CNMMHOBOM
JINHeMHbIN ycKopuUTernb Ha HYK1OTPOHE» OIZZ1

MOHOB

30Ha KaHanoB ga
ons 2
MHHOBALIMOHHDbIX B
mccnepoBaHmmM

HyKnoTpoH CUHXPOTPOH- MHoroueneBagq

6ycTep yCTaHOBKa
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NICA Accelerator Complex @JINR, Dubna
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(NICA) SPD at NICA Collider (JINR, Dubna)

NICA:
Nuclotron-based lon Collider fAcility

pipl /s <27 GeV
d'd" : /s <13.5 GeV
d'p' /s <19 Gev  |P|>70%
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(NICA) SPD Physics Primary Goals

» 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)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 6



(NICA) Why Nucleon Spin Physics?

@

Search for New Physics:

» Search for new particles and interactions beyond the Standard Model

» Search for new dynamics within the Standard Model

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 7
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(NICA) Why Nucleon Structure?

- proton mass -> the visible Universe mass

Electroweak Higgs boson provides:
quark mass ~ ten MeV = 2% of the visible Universe mass

= quark-gluon dynamics of nucleon structure provides:
~ 98% of the mass of the visible Universe!

- nucleon size:
quark model =
huge neutron EDM exceeding 10212 observed value

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 8



@ICH) Why Spin?

Spin: pure quantum characteristics
spin: no classical analog

spin observables
= hadron wave functions
= process amplitudes

“proton spin crisis”:
present quark-gluon dynamics = only 1/3 of proton spin

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks»



@ICH) Why NICA?

Strong interactions:
asymptotic freedom at high energies

Many dynamic effects
= subtle at super high energies

NICA energies
= seem optimal for SPD goals

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 10



NICA
(NICA)

@

Spin: challenging delicate properties

”Expem’ments with spin have killed more theories than
W

any other single physical parameter

Elliot Leader, Spin in Particle Physics, Cambridge U. Press (2001)

”Polan’sztim dztz hds o@ten beer) the grzveyzrd o{\
@ashionable theories. I@ theorists had their w3y they

might well \{330 such medsurements zf‘toge‘ther out o‘p sef@"
protection.

J. D. Bjorken, Proc. Adv. Research Workshop on QCD Hadronic Processes,
St. Croix, Virgin Islands (1987).

V. Mochalov (NRC KI - IHEP)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 11



(NICA) SPD Experiment Main Goals

Spin Physics Detector (SPD) (http://spd.jinr.ru):
A Universal Detector at NICA Collider

= SPD Main Goals:

understanding strong interactions using polarized

and unpolarized pp- and dd- collisions Vs < 27 GeV

- 3D structure of proton and deutron, in particular, PDF and TMD at large x
A. Arbuzov et al. ,Prog. Part. Nucl.Phys. 119 (2021) 103858 e-Print: [hep-ex]
= |In addition, wide research program for particular and nuclear physics

in the initial 1st Stage of SPD operation is planned

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

TMD - Parton Distribution Function with longitudinal momentum
TMD - Transverse Momentum Distribution—
parton distribution with transverse momentum

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 12


https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477
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@

Vs, GeV/

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
&,,m,,,ii;m dd SPD is unique in d{ d7-mode!
p'-d, p-d'
Center of mass <27 (p p) | 63,200, 20 140 (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 cm ™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 |

| \\ || l[ -
MicroMegas \ . . Beam-beam counter
\ | "._,.- )
\ \\ || e e
N \ - /!

Beampipe = ™ \ Straw tracker Endcap

l/. \\\1
1
‘l
- - 4/

@ Trackers:charged track and momentum, limited PID ¢

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

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI)

Possible light ion
collisions alongside

pp, dd

Up to v/s = 10 GeV and
reduced luminosity

Solenoidal field B~ 1T

BBC and ZDC for online
polarimetry

Micromegas central
tracker

Straw Tracker
0 ~ 150 pm,
5(%) = 8.5%

«SPD at NICA: Status and Outlooks» 14
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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 ™\ " Tine-of-flight system and Aerogel Endcaps @ Silicon vertex detector :
Vertex detector ™~ — MAPS/ DSSD
Beam pipe | e A\\ Zero degree calorineter @ Time of flight (TO F) for
=" Beam-beam counter AN / TN / PID (5t ~ 50 pS) 1 7"'/ K
\ 1 Straw tracker Endcap ,"'I \"'. Sepa rat|0n u pto 1 . 5
\ | GeV/c

@ Electromagnetic

. calorimeter (ECAL)
) %

% — —5; + 1%)

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

GeV/c

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

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 15



W
@l@ 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 = 3 103 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 ~
2 B SPD CMS
% 105 e ‘after Qn"ne filter-- ‘ ..................................
a7 - ‘
g*jb B
é‘) 1045—
~ -
5 3__ : ;
10 ‘BELLEI
10* 10 10° 10

Event size (Bytes)
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SPD: Requested Computing Resources

@

. Distribution by year
Computing resources
1styear 2nd year 3rdyear 4t year 5% year
Data storage (TB)
_EOS 1500 2000 5000 7000 10000
0 2000 10000 14000 20000
- Tapes
Tier 1 (CPU corehours) 17 520 000 | 43800000 | 87 600 000 131 140 000 | 175 200 000
Tier 2 (CPU corehours) 1752 000 4 380 000 8 760 000 13114000 | 17520000
SC Govorun (CPU core hours)
1752 000 4 380 000 8 760 000 8 760 000 8 760 000

Considerations of SPD Tier-1
for the SPD 2nd Stage at NRC KI — PNPI, Gatchina

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 17



(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 SPD Collaboration is established
Two SPD-physics papers were published

2024 SPD Technical Design Report (TDR): /iip.//spd. jinr.ru
approved by JINR PAC June 2024

the SPD 1st Stage: included to the JINR 7-year Plan 2024-2030

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 18



(NICA) SPD Collaboration: established in July 2021

Spin Physics

Detector

The NICA-SPD Collaboration, July 2021

v

-

—~ A -
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(NICA) SPD Collaboration: Organization

35 organizations from 15 countries > 400 participants

M 210 | M

---------

,,,,,,,,,

Signed MoU (16):
NRC “Kurchatov Institute” - PNPI, Gatchina SPD Spokespersons:

Alikhanov National Science Laboratory (Yerevan Physics Institute), Yerevan A.V. Guskov (JINR) & V.T. Kim (NRC KI - PNPI)
Samara National Research University, Samara

Peter the Great Saint Petersburg Polytechnic University, St. Petersburg CB Chair: A. Tumasyan (ANSL, Yerevan)

Saint Petersburg State University, St. Petersburg

Skobeltsyn Institute of Nuclear Physics, Moscow State University, Moscow
Lebedev Institute of Physics RAS, Moscow

Institute for Nuclear Research RAS, Moscow

Institute of Nuclear Physics (INP RK), Almaty

SPD Collaboration Meetings:

Tomsk State University, Tomsk 2023: Dubna (April)
National Research Nuclear University MEPhI, Moscow Samara (October)
Belgorod State University, Belgorod 2024: Almaty (May)
Institute of Nuclear Problems, Belorussian State University, Minsk Dubna (November)
Budker Institute of Nuclear Physics RAS, Novosibirsk 2025: Yerevan (April?)
Higher School of Economics, Moscow Dubna (October?)

Higher Institute of Technologies and Applied Sciences, Havana
in signing: I-Temba Labs (South Africa), Univ. Cairo (Egypt)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 20



.}
@ SPD Collaboration Meeting: Almaty, 2024 May 2024 @

SPD Collaboration Meeting
at Kazakh-British Technical University (KBTU), Almaty, 20 - 24 May 2024

T T T . - < -
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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)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 22



(NICA) SPD Physics:

b Y Progress in Particle and Nuclear Physics

R Volume 119, July 2021, 103858

Review

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

A. Arbuzov ?, A. Bacchetta P €, M. Butenschoen ¢, F.G. Celiberto ® & f U, D'Alesio 8 ", M. Deka ?, . Denisenko ?,
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, ).P. Lansberg 9, Keh-Fei Liu ", F. Murgia ", M. Nefedov , B. Parsamyan * ™ °, C. Pisano &
", M. Radici ¢, A. Rymbekova ? V. Saleev ! 2, A. Shipilova " 2, Qin-Tao Song 5, 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. Aleshko?, V. A. Baskov3, E. Boos?, 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'®?6 A.S.Popov!® V.V. Polyanskiy?,
J.-M. Richard!”, S. G. Salnikov!°, A. A.Shavrin” '8, P. Yu. Shatunov %11
Yu. M. Shatunov %11 O. V. Selyugin'#, M. Strikman 7,

E. Tomasi-Gustafsson?’, V. V. Uzhinsky '3, Yu. N. Uzikov® 2!-22.*,

Qian Wang?3, Qiang Zhao?* 2>, A. V. Zelenov’

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks»
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https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477

(NICA) PDF kinematic range

104 - 1 11 I | | 1T I | I -
CEMC ¢ COMPASS-OC Y
»SMC O STAR-W- AFTER
[ cSMClowx + STAR-jets 7
10° | =E143 *  PHENIX-jets L -
N;' ~ *E154 B NICASPD E
O [ xE155 EIC
g ~- *COMPASS-D -
N
O 102 TCOMPASS-P _
-~ +HERMESS7 -
- AaHERMES i
10 y/_:
L © |
L (5! » _
ay ¥ X @
1 - x Iml L 111 I | AI [ | L1 1 1 -
10° 102 X 10
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(NICA) Dynamics kinematic range

saturation -
region

log (1/x)
non-perturbative

log (Q?)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 25



@’f@on probes at SPD: charmonia, open charm, direct photon@

not only J/y!
I/ 3

| S/
-3 | } / Prompt photons

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

0 10 20 30 40 50 60
vs(GeV) 1
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(N’fCﬁNPDF Coll.: quark and gluon helicity PDFs of proton @

0.5

0.4

0.3

XAU'(x,Q%=10 Ge\/?)

llllllll I L LS

XAd*(x,Q%=10 Ge\/?)

NNPDF Coll.:
E. Nocera et al. (2014)

Quark helicity PDF:
few percent level uncertainties

It is measured with
high precision in DIS

F 0.05 =
0.2 -] n :
. 04 -
01 . - .
045 .
0 - - 0
04F- [ NNPDFpol1.0 - 0.2 I NNPDFpol1.0 ~
NNPDFpol1.1 . - NNPDFpol1.1 .
0.2 = positivity bound . 025 — positivity bound o
1 1 llllllI 1 1 llllllI 1 L1 llll: B 1 1 lllllll 1 1 lllllll 1 llllll-
10° 10* 10" 1 10° 10° 107 1

X X
1 l 1 LI II 1 Ll L II Ll Ll L 1 l LI II 1 l L I 1 Ll L

0.08 . 2 2 2

XAs"(x,Q*=10 Ge\?) XAQ(x,.Q%=10 Ge\/?)

0.06

0.04

0.02

Gluon helicity PDF:
still rather high uncertainties!

Hadron collisions have a better
sensitivity to measure it.

SPD has a good opportunity!

o.0sF. I NNPDFpol1.0 I NNPDFpol1.0
F NNPDFpol1.1 NNPDFpol1.1
20.08- — positivity bound -~ —— positivity bound N
[~ 1 1 IIIIIII 1 1 IIIIIII 1 1 L i 1 1 IIIlIII 1 1 IIIlIII 1 1 Illlll-
10° 10% 107 1 10° 10* 10" 1
X X

ICPPA2024, Moscow, 22 October 2024

Victor Kim (NRC KI - PNPI)
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(NICA) Helicity gluon PDF Ag(x):

@

accessible with SPD Phys.Rev.Lett. 113 (2014) 1, 012001 FEJC

— I I L | LI | LI | LI | LI I
04 | S T T T __'7 \>-</ : , :
2 2 en # NEW FIT
Physd-';'ey.D 100(201 9) 11, 114027 xAg(x.Q°=10 GeV”) | a1 F 30% C.L. region _
"""""""""""""""""" < | = DSssv+ ]
0.2 F e o T 1 2 o = | S 90% C.L. region | LR ]
"""""""""" S | SSEIEEK
= A DSSV s
e - SPL
0.1 | L DSSV14 =2 - ! g
,-—"‘:‘::. ::: f\,‘»"‘ and 68% C.L. contours i 3
02 pie-T 0/./“" MC-replicas - O b : oo RN
,‘,‘" MC-average == N
0.3 | NNPDFpoll.l == A i
\,/" and 1-o contours
04 A L 1 1 1 1 1 I ;
0.001 0.003 0.01 0.03 0.1 03 0.5 1
5 05 Q*=10GeV?
SPD could help to reduce uncertainty of e e L b
A = 60 —O | dx Ag(x)
1L — T T 0.05
ot + 0
Aglx) _ Ag(xy) . Ag(x;) Ny
- 1 8\ A 8 A
[L ™ ® ®afi™ Al & ® Ay ® a4 V1D 1 (1 & 2).
g(xy) g(x) g(xy)

~ 7
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(NICA) Spin of proton

1 ~30% P 7
o @ Unpolarized PDF 2 ~1020% \ .
Af(X) .<9.> - .@ » Lattice QCD
Helicity m L* (CI + DI)
28(8)% | L¢ (CI + DI)

o L* (DI)

N m Jo
14(1)% 0 %_z_;‘uwms
K.-F. Liu, NP A928, 99 (2014).

To access angular
momenta info about 3D
structure 1s needed!

A
) é - é Transversity
P

>
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(N’fCAS SPD: towards 3D-structure of nucleon

TMD PDFs

" GPDs " -

R, by R, - R

Collinear i Gene_rall:zed_Partorzr Transverse Momentum
approximation Distributions Dependent PDFs
(common PDF) ‘
3D structure of = - | connection to
nucleon . / orbital moment

13
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(NICA) Parton Distribution Functions (PDFs): 1D = 3D

@

Parton 1D-distribitions:
Integrated over kT PDF: f(x; logQ?)  &J 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)

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 32



(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)

®9(x, P, S) contains time-even functions:
fa(x, kT) &J unpolarized quarks in unpolarized N ks density
g9, (x, kT) & L-polarized (chiral) quarks in L-polarized N « helicity
g9(x, kT) &J L-polarized (chiral) quarks in T-polarized N « worm-gear
ha (x, kT) &J T-polarized quarks in T-polarized N &3 pretzelocity

and time-odd functions (spin-orbital correlations):
flg9, (x, kT) &J unpolarized quarks in T-polarized N &J Sivers f.
hla(x, kT) &J T-polarized quarks in unpolarized N &J Boer-Mulders f.

Integrated over kT quark TMDs:

fa(x) = q(x) = qp=+(X) + q_=.(X)

g9 (x) = Aq(x) = g;-.(x) - q,-(x) & helicity (chirality)
ha(x) = 8q(X) = gr=.(X) - gqr.(x) &3 transversity

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 33



Q nucleon (N)
O

unpolarized
parton (Q)

ﬂ quark spin

= nucleon spin
ﬁTf¢ P

quark
© ®transverse

/ ];;T momentum
> P

(longitudinal direction
= movement of nucleon)

ICPPA2024, Moscow, 22 October 2024

TMDs: quarks in nucleon

Q vy

fi

number

U density

O

g1

helicity worm-gear
L 1 y il
gair h hir
worm-gear transversity| pretzelosity

e,
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(NICA) Gluon TMD with SPD

@

Gluon Boer-Mulders
function

Unpolarized gluons at high x

Gluon helicity

In proton and deuteron

GLUONS \ | ,sipolarized |\ circular linear
h-*
g | [

T

Gluon transversity in

Gluon Sivers function
deuteron

ICPPA2024, Moscow, 22 October 2024 Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» 35
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(NICA) Gluon transversity of deuteron

Unpolarized distribution functions

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

N — . 0.
Transversity distribution functions

A,9=0;-q,

Helicity distribution functions

-

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

Lepton pairs S. Kumano

Arg(x) = Ag(x)

Exy
0.1

e
—
— —
-n =
- —— - —
—— —_
-—— — -

SPD has a unique opportunity to measure

gluon transversity in deuteron for the first time! T FXTTPRIEE
----- q,=0.2 GeV
. p=0 =05 GeV
To probe new non-nucleonic degrees of . y=05  __ g=l0Gey
freedom in deuteron! 0o
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Sivers effect: L-R asymmetry
of unpolarized kT-distribution
in T-polarized nucleon

Collins effect: due to fragmentation

of polarized parton

ICPPA2024, Moscow, 22 October 2024

- Collinear factorization:
twist-2 and twist-3

- TMD-factorization

- Overlap/matching region

- Nontrivial x and kT correlation?
Q Qror Py

Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks»
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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

VVVVVVVYVYVYYVYY
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https://arxiv.org/abs/2102.08477

(NICA) SPD Physics at the initial Stage: exotic states
pentaquark, dihyperon, etc. production

@

(ud) (ud)

A. Efremoy, V. Kim 1987
V. Abramov et al 2021
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(NICA) SPD Physics at the Stage-1: ion-ion collisions

@
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(NICA) SPD Physics at the Stage-1: antiproton production@

ASTROPHYSICS

AMS-02 in International Space Station

AMS-02 search for Dark Matter:
antiproton flux  precision ~5%

Contemporary high energy physics experiments
antiproton production ~25%

Precision antiproton production measurements needed:
energy range 5 GeV <ECM <100 GeV with precision ~5%
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NICA
(NICA)

SPD: from R&D to Production Stage

SPD TDR  https://spd.jinr.ru/physics-detector/

version 1.0 (April 2024): https://arxiv.org/abs/2404.08317
Current version: to be published in new journal Natural Science
Review

JINR PAC Approval after SPD DAC review: June 2024

SPD: Moving from R&D to Production Preparation

Few examples ...
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SPD Superconductive Solenoid Magnet: 1 Testla
Budker INP SB RAS, Novosibirsk

Control Dewar box
and TL

Power supply and energy
extraction system

Instrumentation Frame

Responsibility
of the BINP

‘—(\\\‘T‘ N

V N\ —
Q)
o
>
M
—+
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@I@ SPD Central Straw-Tracker: New Production Site @JINR @

Straw productions sites: JINR (Dubna), NRC Kl — PNPI (Gatchina) & INP KZ (Almaty)
based on JINR ultrasonic welding technology

JINR, Dubna
» Production Hall 200 sq. m, Clean Room 100 sq.m

| \ \F\\;\\_ \\ S A ., — _,’.f—‘/ - [ ; p . ‘\/

oy
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<NfCA$ SPD Straw-Tracker: New Production Site @INP ME KZ (Almaty) @

Straw productions sites: JINR (Dubna), NRC KI — PNPI (Gatchina) & INP KZ (Almaty)
based on JINR ultrasonic welding technology

INP ME KZ (Almaty)
» Two large halls for straw production

£y
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@l@ SPD Central Straw-Tracker: Prototyping

JINR (Dubna), NRC KI — PNPI (Gatchina) & INP KZ (Almaty)

- Small protc;tyf)e proauction (lab and test beam straw and readout performance studies)
- development and prototyping of the construction elements (gas supply, sealing)
- development and optimization of the electrical

Prototype 1: 5 mm, 10 mm,
and 20 mm tubes area

00000000
000000000
AN A (S A G 0 4

VOO0

N NN N N N
Q00000000

@,@vevovevevare

Prototype 2: 10 mm tube area only. Two
planes of X, two planes of U (2°), two planes o
V (-2°) and two planes of X.
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@@ SPD Central Straw-Tracker: Prototyping

JINR (Dubna), NRC Kl — PNPI (Gatchina) & INP KZ (Almaty)

Connectors, HV distribution board, new pin, assembling, grounding
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@ SPD Straw-Tracker: Prototype Testing at CERN SPS and PS

JINR (Dubna), NRC KI — PNPI (Gatchina) & INP KZ (Almaty)

Schedule Runs SPS ENH1 2.0.1 :: Status 2024-05-17 17:30 (UTC)

RAW TRACKER RD STRAW TRACKER RD STRAW TRACKER RD
28d 35d DRAFT

28d

ea: “ asitic P:

STRAW TRACKER RD STRAW TRACKER RD
DRAFT

October
CW 39 CW 40
Week 39

TECHNO
CLs
7d

Cw 41
Week 40

CW 42
Week 41

NANOCA
7d

SHIP CMs STRAW_|RI VLAST E+BOOST CALICE™S ' = CMs STCF
19d ?:'(IL CAL 14d 7d AHCA 4d ?gIL 14d

TS1

Three different tasks:

- setup development, readout electronics test and debugging :
SPS H8 beam dump (low intensity muons)
- spatial resolution: SPS H4

- charge measurements for low momentum particles: PS T09

08/05-15/05 | 02/10-09/10
H4 SPS 10/04-24/04 |  |éro6-10007 | 2 hso9-02710 ] 000

ALICE RICH
14d

H8 SPS dump 10/04-26/10
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@@ SPD Central Straw-Tracker: Prototype Testing @SPS&PS
JINR (Dubna), NRC KI - PNPI (Gatchina) & INP RK (Almaty)

@

R&D: thin straw tubes with ASIC readout solution

» Straw R&D Test Stand for SPD/SHiP/Dune/DRD1 at SPS and PS (CERN)
for definition of ASIC novel technology requirements

Test Runs with ASIC: VMM3,VMM3a, Tiger

- 2021 (1 Run), 2022 (3 Runs), 2023 (3 Runs), 2024 (3 Runs SPS, 2 Runs PS)
- most of results included to the SPD TDR

5

cow, 22 October 2024

el | |
ZEN N

: | - A |
CPPA2024, Mos
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o
@ SPD: Beam-Beam Counter (BBC)

JINR, Dubna & MEPhI, Moscow

Electromagnetic calorimeter Magnet  Range sysfem Vertex defecfor md—_cag/\

Time-of-flight system

Straw tracker

Vertex detector

Beam pipe

~ Zero degree calorimeter

Range system end-cap

Electromagneltic calorimeter end-cap

/> Time-of-flight system end-cap
/ Beam-beam counter

Aerogel

Straw tracker end-cap

.;4-:,1_

The Beam-Beam Counters (BBC) for SPD

The main purpose of BBC is the permanent
monitoring of the beam polarization using the
azimuthal asymmetry of the inclusive charged
particles yield.

+ event plane detector for HI physics.

* Scintillator tiles part at the distance ~1.7 m
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Hits

Hits

3500

SPD BBC R&D: Material Selection

@

JINR, Dubna & MEPhI, Moscow

3000 —
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2000 —
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3500
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500

- WLS Fiber selection BCF92

- — Y-11

- CKTNB
N T ea——

013, LG, channels

Optical cement selection

\I ||I|HH’HH’H\I‘||I|’HH

200 400 600
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— L CKINE |
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Kuraray Y-11

Selection criteria:

~

800 1000 121
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ICPPA2024, Moscow, 22 October 2024

Matted surface |

[T ]

Cover material selection

500

Hits

Light collection 400
Technological applicability
Pricing 300
Availability for purchase
Radiation hardness 200
Ageing etc

100 200 300 400 500 600 700 800 900 1000

0I1, LG, channels

Materials selection and tests with different material combinations of tile
prototype includes:

* Scintillator: Matted or Tyvek covered
* Optical cement: CKTN MED vs OK-72
* Fiber: Saint-Gobain Crystals vs Kuraray (Phase 1)

 SiPMs: 3x3 vs 1x1 mm? (currently: Hamamatsu)

The material selection for BBC is complete, final configuration — matted
surface, Y-11 fiber, CKTN B optical cement

Victor Kim (NRC KI - PNPI) «SPD at NICA: Status and Outlooks» o1



w
(NICA) SPD BBC: Prototyping

JINR, Dubna & MEPhI, Moscow
BBC Prototyping

3 by P00k ¢

Prototypes test with
CAEN FERS-5200

S
Grooved carbon fiber
backplate v1 prototype 2x reduced sector prototype
and updated design
| v Currently we have in hands 2 small sector prototypes

of 8 tiles with CKTN B and SG BCF92 fiber assembled
on carbon fiber backplate

BBC Sector (Ring 1/16) design
*  We plan to produce a full wheel with reduced sectors

in the middle of 2025

Amplitude spectra

of 1-st sector
(radlal dependence)
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@

SPD BBC Stand: testing prototypes
JINR, Dubna & MEPhI, Moscow & INR RAS, Moscow

TRB-3 (10 ps) The VME based DAQ CAEN FERS 5200

DT5202 (citiroc 1A chip)

DT5203 (picoTDC chip)
Ceie e q;"_f' - e o y DT5215 (Concentrator)
Together with V.Chmil (JINR),  rupov 4.vie. /7 EPT Web Conf: 2019
S.Morozov, E.Usenko (INR) V.10003. P.204
The stand for BBC

- “., = \.,,,{f“'\

’/

External trigger by coincidence of 4 -~ SRR i
two scintillators with PMTs readout i e N e

PMT
Hamamatsu
H10720-110

-y
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SPD: Test Zone @Nuclotron
JINR, Dubna

JOINT INSTITUTE
FOR NUCLEAR RESEARCH

International Intergovernmental Organization

SPD test zone has two channel:

* The low momentum channel (Marusya setup)
should provide particle beams with a 4
momentum range from 100 MeV/c to 2 GeV/c. CUSI3T (SHINE)

* The high momentum channel should provide
particle beams with a momentum range from 1
GeV/cto 10 GeV/c.

ORI ITEN
I S8 18 HS.

av77
2 =\ 5
KKK \ o7 Technical area
77T 57 \ MARUSYA 7 7777 77 77N
\\ g [/////// L LA L LA LAN
1 1 RR
] DR
N\ Experimental room
/L -

Experimental room
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SPD: Test Zone @Nuclotron
JINR, Dubna

JOINT INSTITUTE
FOR NUCLEAR RESEARCH

International Intergovernmenta | Organization
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@ SPD Test Zone: Muon Range System Prototype @
JINR, Dubna
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@

SPD Test Zone: Low Momentum Channel
JINR, Dubna

3> JOINT INSTITUTE
2) FOR NUCLEAR RESEARCH

nnnnnnnnnnnn | Intergovernmental Organization

Intensities from interaction deuteron 5GeV/n + carbon target

Energy of primary beam — up to 2 GeV/n

p, MeV/c |[d |p,n TT* K* K~ M et

Commissioning date — 2025 year 400 10° |10° 10° 10° 10° 10° 10°
800 103|104 104 103 102 103 103

ExpeHmENte 200 1500 /102 |10* |10 |10® |102 [102 |10
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Victor Kim (NRC KI - PNPI)
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SPD Test Zone: High Momentum Channel
JINR, Dubna

JOINT INSTITUTE
FOR NUCLEAR RESEARCH

International Intergovernmenta | Organization

, Intensities from interaction deuteron 5GeV/n + carbon target
Energy of primary beam — up to 10 GeV/n

p, MeV/c |d |p,n TT* K* K~ & et
2000 104 |10° 104 103 102 102 102
Momentum vs TOF 7000 104 [10° 103 103 107 107 102

Commissioning date — 2026 year
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@

SPD Test Zone: Extra Physics Opportunities

SPD Test Zone:
Extra Opportunities for SPD physics at Fixed Target!

SPD Fixed Target & FITNEX
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(NICA) SPD Experiment: Running Strategy

Physics goal Required time Experimental conditions

First stage

Spin effects in p-p scattering 0.3 year prr-Prrs VS <1.5GeV
dibaryon resonanses
Spin effects in p-d scattering, 0.3 year i onsor-Ps /S <71.5 GeV
non-nucleonic structure of deuteron,
p yield
Spin effects in d-d scattering 0.3 year i onsor-Arensors VS <1.5 GeV
hypernuclei
Hyperon polarization, SRC, ... together with MPD ions up to Ca
multiquarks

Second stage
Gluon TMDs, | year pPr-rPr. /s =27 GeV
SSA for light hadrons
TMD-factorization test, SSA, | year pr-pr. 71 GeV< /s <27 GeV
charm production near threshold, (scan)
onset of deconfinment, p yield
Gluon helicity, | year PL-Pr, Vs =27 GeV
Gluon transversity, | year Aiensor-Qrensors /Snn = 13.5 GeV
non-nucleonic structure of deuteron, or/and d,,,,s,,-Pr> /Sy = 19 GeV
“Tensor porlarized” PDFs
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(NICA) SUMMARY

» Spin Physics Detector (SPD) — a universal detector at NICA Collider:
Detail study of polarized and unpolarized (gluon) structure of proton and deutron
in pp- n dd- collisions at high luminosity up to Vs < 27 GeV

» Complementary probes: quarkonia (J/Psi and higher states),
Open charm and direct photons

» SPD should improve understanding of 3D-gluon structure:
- polarized gluon distributions

- unpolarized PDF and TMD at large x in proton and deutron

- gluon transversity of deutron ...

» SPD physics program is complementary to studies
at COMPASS++/AMBER, RHIC, AFTER@LHC, LHC-spin, EIC

» Wide physics program at the SPD 1-Stage:
- search for exotic resonances (glueball, penta- and tetra- quarks), ...
- multiquarks fluctons and few-nucleon correlations ...

» SPD TDR: http://spd.jinr.ru approved by JINR PAC in June 2024,
to be published in the new JINR journal Natural Science Review

» SPD 1-Stage included into 7-year JINR plan 2024-2030

» SPD R&D: physics signal optimization, setup design optimization,
production and testing of prototypes,
preparation for production

» SPD Test Zone: opportunities for SPD physics at fixed target
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