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(NICA) YckoputenbHbin Komnnexkc NICA @QOUAN, flybHa

@

Tsokenbie NOHbI (Ao Au) Sy = 4 - 11 3B cBeTuMocTb L ~10%" cm2 ¢

(He) nonsipusoBaHHbie p1(d1)&p(d) Vsy= 8(4) - 27(13,5) MB cBeTMMocTb L~1032cm2 ¢!

JTHEeMHbIN yCcKopUTenb BM@N SPD
TAXKeNblX MOHOB DKCNepuMeHT YcTaHoBKa
«BapunoHHaa MaTepus CrMMHOBOM

Ha HYK/TOTPOHEe» bdunsnkm

JTIMHenHbIN yCKopUTEesnb
MOHOB

30Ha KaHanoB &
ona 2
MHHOBALMOHHbIX P
mccnepoBaHmm

HyknoTpoH CUHXPOTPOH- MHoroueneBagq

bycTtep yCTaHOBKaA
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(NICA) YckopurtenbHbin Komnnexkc NICA QOUAN, [lybHa
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(NICA) SPD at NICA Collider (JINR, Dubna)

NICA:
Nuclotron-based lon Collider fAcility
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@

(NfCAs OcHoBHbIe uenu akcnepumeHTta SPD

Spin Physics Detector (SPD) (http://spd.jinr.ru):
YHUBepcanbHbIN AeTeKTop Ha konnauagepe NICA

= OcHoOBHbIe uenu SPD:
- NTOHMMaHMe CUINbHbIX B3aMMoAeUCTBUN UCNOMNM b3y MHTEHCUBHbIE
Nonsipu3oBaHHbIE U HEMOMNsIPU30BaHHbIE pp- u dd- coyaapeHus Vs < 27 2B

- 3D cTpyKTYypa NpPOTOHA U AEUTPOHA -> rMOOHHbIe TMD PDF
npu cpeaHnx 1 6onbLWNX X: YAapPMOHUU, (DOTOHLI U T. Nn.

A. Arbuzov et al. ,Prog. Part. Nucl.Phys. 119 (2021) 103858 e-Print: 2011.15005 [hep-eX]

= [lepBas ctagua padotbl SPD: nporpamMmma ans LWMpoKon obrnactu
nccrnegoBaHn oMK agpoHOB U AAepHON PU3UKU

V.V. Abramov et al., Phys. Part. 52 (2021) 1044, e-Print: 2102.08477 [hep-ph]

Transverse momentum distribution (TMD) —
NapTOHHbIE pacnpenerieHnsa ¢ y4eToM NonepevyHoro uMmnyrnbca

Parton distribution function (PDF) — doyHKUMuM pacnpepneneHns napToHOB
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@

(NICA) NMNouemy CnuHoBaa ®usuka HyknoHa?

Mouckn HoBon ®uU3nku:

P [loncku HOBbIX YacTUL U B3aumMmoaeucTtBumn
3a npeaenamu CtaHagaptHou Mogenwm

» [Monckn HoBon guHamuku CtaHpgaptHon Moaenu
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(NICA) Mouemy Crpykrypa HyknoHa?

- Macca nporoHa -> macca suaumom BceneHHoOM

AneKkTpocnadbin 6030H bpayTa-OHrnepa-Xurrca:
Macca KBapkoB ~ 15 MeV = 2% maccbl Bugnmomn BeceneHHoun

= KBapPK-rrnOOHHas AUMHAMUKA HYKNOHA:
~ 98% maccbl Buanmoun BeceneHHou!

3arapka:
- Paamep HykKnoHa:
KBapKkoBasa mopgernb =
npesbiliaeT senMuuHy M Heutpona Ha > 10712
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Mouemy CnuH?

CNMH: YMCTO KBAHTOBaA XapaKTepMcTuKa

CINMMH: HeT KlnnaCCMHYHeCKMX aHanoros

cCnuHOBbLIEe Habmoaaembie
= BOJIHOBbIEe (PYHKLMM afipOHOB
- aMnAUMTyAbl NpoLleccoB

“CnuHobItbX KpUM3MUC NPOTOHA™:
KBapkoBaa mogenb = <1/3 cnuHa NnpoToHa
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@icn) Mouemy NICA?

CunbHbIEe B3aMMOOAEeNCTBUA:
acuMmnroTnyeckasa ceobopa npm 6onbuMX 3Hepruax

AuHamMmuuyeckue acpdexrThl
= YMEeHbLIAIOTCA Npu GonbUIMX IHEepruax

dueprum NICA
= onTMManbHbie ana uenem SPD
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@

CnuH: challenging delicate properties

”Experiments with spin have killed more theories than
W

any other sinagle physical parameter

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

HPofam‘.‘sztEon data has o-p-ten been the graveyzrd 0‘p
-pzshionabfe theories. I-p theorists had their w3y they

might well \{::zn such medasurements 3H;¢Jgether out o-p sef@-‘
protection.

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

V. Mochalov (NRC KI - IHEP)
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Vs, GeV

+~ SPD is unique in d? df-mode!

12



SPD detector at the Stage |

Straw tracker Magnet Range system MicroMegas Endcap Range system Endcap
, 5 i '| .
MicroMegas . \ | ,' _~~  Beam-beam counter
~ \ \ 'l . <
\ \ = ~ ~ Straw fracker Endcap

Beam pipe

B Trackers.charged track and momentum, limited PID 8
M Range System:rough hadronic calorimeter,
muon/ hadron separation »
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Possible light ion
collisions alongside

pp, dd

Uptop§: 10 GeV and

reduced luminosity
Solenoidal field B «-1 T

BBC and ZDC for online
polarimetry

Micromegas central
tracker

Straw Tracker
0 «-150 um,
&(E) = 8.5%
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@

o
@@ SPD detector at the Stage li

M Event rate at peak
luminosity and energy
' Electromagnehe calorimefer Endcap «-3 MHz

Electromagnetic calormefer Magnet Range sysfem Vertex defecfor Endeap Range sysfew Endeap

Twe-of-flight sysfam

Straw tracker | 7" Tive-of-flight system and Aerogel Endcaps M Silicon vertex detector :

MAPS/ DSSD

2000 xé

Vertex defector

T o ieecnes W Time of flight (TOF) for
é >3ean.."eaocaunra' Sy PID (a «-50 pS), TK
Straw fracker Endcap ‘ Separation upto 1.5
GeV/c

| W Electromagnetic
~ calorimeter (ECAL)

£ = &%+ 1%)

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

GeVic

M Improved vertex detector for short lived particle decays
M TOF+ AGel for better PID
M ECAL for y,e* identification
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)
(NICA) 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 = 3103 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 ~
& 10 gafteronline filter @Yo
Mk
5 B
& 10°E
=
=l :
10 ‘BEfLLEI
~ - ..i

10 10° 10° 10’
Event size (Bytes)
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SPD: Requested Computing Resources

@

) Distribution by year
Computing resources
1styear 2"d year 3rdyear 4'h 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 | 43 800 000 | 87 600 000 131 140 000 | 175 200 000
Tier 2 (CPU c{}rehuurg) 1752 000 4 380 000 8 760 000 13 114 000 17 520 000
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 2"d Stage at NRC K| — PNPI, Gatchina
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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 SPD Collaboration is established
Two SPD-physics papers were published

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

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

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 17



(NTCAS SPD Collaboration: established in July 2021

Spin Physics
Detector

- dh

iboration, July 2021
s e -

!
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1
(NICA) SPD Collaboration: Organization
35»_’_‘org'_§nizations from 1 countries

--------

s S : —
Ny = — | \
- - . — - 1 .

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 Kl - 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)
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.}
@l@ SPD Collaboration Meeting: Aimaty, 2024 May 2024 @

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

e ) Progress in Particle and Nuclear Physics
. Volume 119, July 2021, 103858
Review

ArXiv e-Print: [hep-eX]

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

A. Arbuzov ?, A. Bacchetta P ¢, M. Butenschoen 9, F.G. Celiberto ® & T U, D'Alesio # 1, M. Deka ?, |. Denisenko 3,
M.G. Echevarria ', A. Efremov 2, N.Ya. lvanov * ], A. Guskov * % & 5, A, Karpishkov " 2, Ya. Klopot * ™, B.A. Kniehl 9, A.
Kotzinianl @, 5. Kumano P, ).P. Lansberg 9, Keh-Fei Liu ", F. Murgia ", M. Nefedov |, B. Parsamyan * ™ ©, C. Pisano &
" M. Radici ¢, A. Rymbekova 2, V. Saleev " 2, A, Shipilova : 2, Qin-Tao Song %, O. Teryaey ?

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 3, E.Boos?, V. Bunichev?, Phys. Part. Nucl. Vol.52, 2021, 1044
O.D. Dalkarov?, R.El-Kholy#, A.Galoyan®, A.V.Guskov® V.T. Kim"8
E. Kokoulina®?, |.A.Koop!® 12 B, F.Kostenko!3, A.D. Kovalenko?®, ArXiv e-Print: [hep-ph]

V.P.Ladygin®, A.B.Larionov'*° A.l.L'vov3, A.l.Milsteini® !,
V.A.Nikitin® N.N.Nikolaev®26 A.S Popovi® V.V. Polyanskiy?,
J.-M . Richard?’, S.G. Salnikov1®, A.A.Shavrin” 1 P.Yu. Shatunov %11,
Yu. M. Shatunov % O.V. Selyugint4, M. Strikman*®,

E. Tomasi-Gustafsson?°, V. V. Uzhinsky '3, Yu. N. Uzikov & 2522+

Qian Wang 23, Qiang Zhao?*2°, A.V.Zelenov’

Ceccua YC O®BI, HULL KM - NMTIUAD, 26 pexabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD»
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https://arxiv.org/abs/2011.15005
https://arxiv.org/abs/2102.08477

(N’fCAS PDF kinematic range

10°E AR B LR
- LEMC . COMPASS-oc =~ ™ ° f.o® E
[ .sMC o STAR-W-=  [_]| AFTER
~ cSMClowx + STAR-jets |
10° — =E143 «  PHENIX-jets g —
=1 eE154 B NICA SPD =
% | xE155 EIC
E ~ *COMPASS-D 4
ﬂcj 102 — "COMPASS-P |
C +HERMESS7 .
- 2HERMES i
10 9{/—:
L5
- 6! »r _
1L ImT;I*HI :ul ﬂl o -
10° 10 X 10
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(NICA) Dynamics kinematic range

saturation -
5 s
region P

log (1/x)
non-perturbative

NICA SPD

@
DGLAP &

log (Q?)
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@’f@on probes at SPD: charmonia, open charm, direct photon@

not only J/y! TR
I 'gJOzE—
\6/ B
10 3
1 |
-1
10 2
10_25—
-3
10°} / Prompt photons i
:||||/||||I||||I||||I||||I||||_
o) 10 20 30 40 50 60

vs(GeV) 1
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@

(NICA) Helicity gluon PDF Ag(x): Spin Crisis

1
AG = J Ag(X)dx
0

S =¥ =% AT +AG + L

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 25



C XAUT(X,Q%=10 GeV?)
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b b b by b b b by laaalag

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.

«— SPD has a good opportunity!

«Craryc dkcnepumeHTta SPD»

(NICNNPDF Coll.: quark and gluon helicity PDFs of proton (@
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(NICA) Helicity gluon PDF Ag(x):

accessible with SPD Phys.Rev.Lett. 113 (2014) 1, 012001 E|C

Illlllllllllllll|IIII|IIII
0.4| < ' ' ' ' ' ' 8 : | :
2 2 > NEW FIT
Phys.Rev.D 100 (2019) 11, 114027  xagxQ*=10Gev) | 2 1 | e Y iion |
X | = DSSv* |
0.2 w Oo [ o 90% C.L. region.
O |
0.1 | = s DSSV
05
O =
0.1 pHERIT A DSSV14 === - !
“““““ '_:'::'/ /./"" and 68% C.L. contours i
-0.2 _:::""-_—— Pt % MC_repncas . O | .
52 MC-average == i
-0.3 NNPDFpoll.l == A i
',"' and 1-o contours i
_04 7 | A I 1 L L i
0.001 0.003 0.01 0.03 0.1 0.3 05 1 5 2 R
N 0.5 = Q=10 Gev*
SPD could help to reduce uncertainty of T

AG at large x o L 02 -01 -0 01 , 0.2 0.3
AL -2 9 ogsdx Dg(x)
L — — .
ott + ot

= AJ(X) _ Ag(x) =
CC R ® gg—ccX %
e P ag) S

N Ag(Xy)
g(x1)

® App(Xo) ® 839V=790 + (1 & 2).

~ A
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(NICA) Spin of proton

1 ~30% B
— @ Unpolarized PDF 2 ~10-20% U P
Af(X) {9.} -— .@ » Lattice QCD
Helicity t- L* (CI + DI)
m L¢ (CI + DI)

o L* (DI)
[:] ,].‘l

\ 14(1)% o ATE|"+'I+S
- Transversity e K.-F. Liu, NP A928, 99 (2014).
P

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

>
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(NfCAs SPD: towards 3D-structure of nucleon

@

Y TMD PDFs
GPDPZ

>

Z Z
Generalized Parton Transverse Momentum

Collinear
approxlimation Distributions Dependent PDFs
(common PDF) %
3D structure of | /L =Sl connection to
nucleon > / orbital moment
L \-“z\...,éf

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

@

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

Ceccus YC O®BJ, HULL KU - NMUAD, 26 pekabpsa 2024 B.T. Kum «Ctatyc 3xcnepumeHTta SPD» 30



(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)

Pa(x, P, S) contains time-even functions:
fd(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 « pretzelocity

and time-odd functions (spin-orbital correlations):
f19, (x, kT) = unpolarized quarks in T-polarized N <« Sivers f.
hid (x, kT) « T-polarized quarks in unpolarized N < Boer-Mulders f.

Integrated over kT quark TMDs:

fa(X) = q(X) = q=+(X) + q_=(X)

g9 (X) = Ag(X) = q=+(X) - q =.(X) = helicity (chirality)
ha.:(x) = 89(X) = qr=+(X) - g1=.(X) = transversity

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 31



(NICA) TMDs: quarks in nucleon

O nucleon (N) f 1

unpolarized number
parton (@) U | density

O
T quark spin l

S;T?¢ nucleon spin J1

®® duark | 7 helicity worm-gear
_,  transverse "D _
k- momentum & Q "
> P i 1 h IJ_
Gttt 9iT 1 | My
worm-gear transversity| pretzelosity

&6
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(NICA) Gluon TMD with SPD

@

Guon Boer-Mulders
function

Unpolarized gluons at high x

In proton and deuteron G uon hel ICI ty

GLUONS \ | ,;ip0larized |\ circular linear l
l
L ht
1L
T gigr k]g?” "!l-li-"‘g

T

: : duon transversity In
Auon Sivers function y

deuteron
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(NICA) Gluon transversity of deuteron

Unpolarized distribution functions

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

' Af, .

Transversity distribution functions

Arq — q; —q;

Helicity distribution functions

-

Ag=q° -q° Ag=g!-g: Lepton pairs S. Kumano

Arg(X) = Ag(X)

Ky

0.1,

—
—
e
—-—— - = = =

SPD has a unique opportunity to measure

gluon transversity in deuteron for the first time! MLt
----- g, =0.2 GeV

- g=0 =0.5 GeV

To probe new non-nucleonic degrees of mi s - ;ﬂﬂm—_
freedom in deuteron! O,

Ceccua YC OB, HULL KU1 - MUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 34
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(NICA) Gluon TMD effects: gluon Sivers function

Ay 4

™D

- Collinear factorization:

twist-2 and twist-3

- TMD-factorization

- Overlap/matching region

- Nontrivial x and kT correlation?
Agen << Q,orP; << Q Qror Py

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

Collins effect: due to fragmentation
of polarized parton

Ceccua YC O®PBI, HULL KU1 - NMTUAD, 26 pexabpa 2024 B.T. Kum «Craryc dkcnepumeHnTta SPD» 35
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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

VVVVVVYVVYVYYVYY

Ceccusa YC O®BJ, HULL KU - MUAD, 26 pexkabpsa 2024 B.T. Kum «Cratryc dkcnepumeHTta SPD» 36


https://arxiv.org/abs/2102.08477

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

@

(ud) (ud)

A. Efremov, V. Kim 1987
V. Abramov et al 2021

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 37



(NICA) SPD Physics at the Stage-1: ion-ion collisions

@

Inl <1
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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%

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 39
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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 ...

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 40



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

Control Dewar box

Power supply and energy
extraction system

Instrumentation Frame

//Q Responsibility

” 1' of the BINP

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 41
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@I@ SPD Central Straw-Tracker: New Production Site @JINR @

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

JINR, Dubna
» Production Hall 200 sgq. m, Clean Room 100 sg.m
NS S = 4 b

T
T ARy

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 42



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

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

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

Ceccua YC O®PBI, HULL KU1 - NMTUAD, 26 pexabpa 2024

B.T. Kum

«Craryc dkcnepumeHta SPD» 43
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@@ SPD Central Straw-Tracker: Prototyping

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

- Small protc;tyf)e proEuction (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

X < C X

Prototype 2: 10 mm tube area only. Two
planes of X, two planes of U (2), two planes ¢©
V (=2') and two planes of X.

Ceccusa YC O®BJ, HULL KU - MUAD, 26 pexkabpsa 2024 B.T. Kum «Cratryc dkcnepumeHTta SPD» 44
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@@ SPD Central Straw-Tracker: Prototyping

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

Connectors, HV distribution board, new pin, assembling, grounding

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 45
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@@ SPD Straw-Tracker: Prototype Testing at CERN SPS and PS
T. Enik (JINR) & E. Kuznetsova (PNPI)

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

@

Scheduls Runs 5PS ENHL 2.0.1 :: Status 2024-05-17 17:30 {UTC)

— : . . | P— - R Jxaeamas |=-ae-
. i e T e e e e i e e e e T e T i e e e T s e e T |..|..|...#._. T T T T T
]

October
cw3n  |owao Jowar |owar Y
Week 38 | Week 39 |Week 40 | week 41 | week 42

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

02/10-09/10
H4 SPS 10/04-24/04 |  é/06-10/07 |  |8/09-02/10 | |

H8 SPS dump 10/04-26/10

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 46
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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/SHiIP/Dune/DRD1 at SPS and PS (CERN)
for definition of ASIC novel technology requirements

Test Runs with ASIC: VMM3,VMMa3a, 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

N, : N "‘
S d

Ceccua YC O®BI, HULL KM - NMTIUAD, 26 pexabpa 2024 B.T. Kum

«Craryc dkcnepumeHta SPD» 47



SPD R§;PS

G S
>

SPD Straw Tracker test beamsz: CERN SPS, PNPI SC-100(

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum

«Craryc dkcnepumeHTta SPD»
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SPD: Beam-Beam Counter (BBC)
JINR, Dubna & MEPhI, Moscow

Olectromogretc cotormeter  Magow)  Racge srifom Vectes defector aodocap oo

Towe 42 ig™ sp1tem

Straw trpghgw -

Verfes felee i

Orompor

Jeve degree clovreeler
Rorpge aprtementtnp
LRI MM IA LM 8 N (W
Toe-al lgh spnton end-rap

Poom deanconier
Aw gl

SPraw 17 aiAey et

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

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 49
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o
@l@ SPD BBC R&D: Material Selection

JINR, Dubna & MEPhI, Moscow

| Mt cnrtns |

5 e . Cover material selection . -
- _ WLS Fiber selection =~ —BCEI2 | Z wl | ) Q
| —|_Y¥-11___ | Selection criteria: ’
' * Light collection o) ' : -
* Technological applicability Row 1
* Pricing o
* Availability for purchase
+  Radiation hardness
* Ageing etc
08 LG, chamcks
e e g

| . . L oK-72 |
. Optical cement selection — [ crinE |
: I qunrlqzl Ii I

leJU | Kuraray Y-11

1] ) I AN} [T 12

WG, LG, channels

Ceccua YC OB, HULL KU1 - MUAD, 26 pekabpa 2024

Materials selection and tests with different material combinations of tile
prototype includes:
* Scintillator: Matted or Tyvek covered
CKTN MED vs OK-72

Saint-Gobain Crystals vs Kuraray (Phase 1)

* Optical cement:
* Fiber:

* 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

B.T. Kum «Ctatyc 3xcnepumeHTta SPD» 30
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@l@ SPD BBC: Prototyping

JINR, Dubna & MEPhI, Moscow

BBC Prototyping
s B

‘T" a“g J "b’ £
(. ']

|

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

in the middle of 2025

Prototypes test with
CAEN FERS-5200

Amplitude spectra

of 1-st sector
- (radial dependence)

— g g L 00
> B | — g DAL TN
) ‘

R R SN

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» o1
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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)
DTS5203 (picoTDC chip)
DT5215 (Concentrator)

Together with V.Chmil (JINR), rsupov 4.1 /7 EPJ Web Conf: 2019.
S.Morozov, E.Usenko (INR) V.10003. P.204

External trigger by coincidence of
two scintillators with PMTs readout

BC-404

PMT
Hamamatsu
H10720-110

| .

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 52



SPD: Test Zone @Nuclotron
JINR, Dubna

I JOINT INSTITUTE
(il » FOR NHUCLEAR RESEARCH

inimeanslisnal Intergerernmenial Ovgeaniaalion

SPD test zone has two channel:

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

* The high momentum channel should provide 4
particle beams with a momentum range from 1
GeV/cto 10 GeV/c.

» T -
— Techmcal area

.
PO PVIP E U ——
5 . /

{
%

L) -
x v e d A L L AN §
/ A Y

A £ ' . /
-k AW L L uX A L s L L L]

Esperimertal room
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SPD: Test Zone @Nuclotron

JINR, Dubna C. JOINT INSTITUTE

B85 FOR NUCLEAR RESEARCH

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 «Craryc dkcnepumeHTta SPD»
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@l@ SPD Test Zone: Muon Range System Prototype @

\JINR, DUbna o= JOINT INSTITUTE

B85 EOR NUCLEAR RESEARCH

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» 35
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SPD Test Zone: Low Momentum Channel
JINR, Dubna

[ JOINT INSTITUTE
B85 EOR NUCLEAR RESEARCH

Intensities from interaction deuteron 5GeV/n + carbon target

Energy of primary beam — up to 2 GeV/n 0, M evic Id D, = K+ K- U ot

Commissioning date — 2025 year 400 10° | 10° 7.105 10° 7'7102 7103 | 10°
800 10° (101 104 10° 10° 10° 10°
ExPeneliE e NS 1500 102 |10° |10¢ |10° (10° |10° (107

Ceccua YC OB, HULL KU1 - MUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» o6
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SPD Test Zone: High Momentum Channel
JINR, Dubna

5~ JOINT INSTITUTE
ﬁ_ FOR NUCLEAR RESEARCH

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

p, MeVic |d |p,n m* K* K~ p* e*
Commissioning date — 2026 year 2000 10* |10° 10" 102 102 102 102 |
Momentum vs TOF 7000 104 |10° |10° 10° (10¢ |10* |107

nEs

. Proton A o

R 2500
85 s50 P TS P (MeV/c)

TOF (ns)

Ceccus YC O®BI, HULL KU - NMUAD, 26 pexkabpa 2024 B.T. Kum «Cratyc dkcnepumeHta SPD» S7
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TectoBaa 3oHa SPD: pononHutenbHbIe BOSMOXHOCTMU

TectoBasa 3oHa SPD

[lononHuUTenbHble BO3MOXHOCTU
Ha dUKCMpoBaHHOU MULLEHMU!

SPD Fixed Target & FITNEX

Straw-Tracker R&D TecTOBbIE UCNbITAHUA:

CL-1000 B 2024 r.

Ceccua YC O®BI, HULL KM - MTUAD, 26 pekabpa 2024 B.T. Kum «Craryc dkcnepumeHTta SPD» 58



SPD Experiment: Running Strategy

Physics goal

Required time

Experimental conditions

First stage

hypernuclei

Spin effects in p-p scattering 0.3 year Prr-Prrs s <1.5GeV
dibaryon resonanses

Spin effects in p-d scattering, 0.3 year A onsor-Ps /S <71.5 GeV
non-nucleonic structure of deuteron,

p yield

Spin effects in d-d scattering 0.3 year i onsor-Qrensors V'S <1.5 GeV

Hyperon polarization, SRC, ...

together with MPD

ions up to Ca

non-nucleonic structure of deuteron,

“Tensor porlarized” PDFs

multiquarks
Second stage
Gluon TMDs, 1 year Pr-Prs /S =27 GeV
SSA for light hadrons
TMD-factorization test, SSA, | year pr-pr. 7 GeV< /s <27 GeV
charm production near threshold, (scan)
onset of deconfinment, p yield
Gluon helicity, | year pr-Pr. /S =27 GeV
Gluon transversity, | year Aiensor-iensor- /Sny = 13.5 GeV

or/and dnw.vm"f? T+ V/SNN = 19 GeV

Ceccua YC O®BI, HULL KM - NMTIUAD, 26 pexabpa 2024

B.T. Kum

«Craryc dkcnepumeHTta SPD»
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(NICA) 3AKIIOMEHME

» Spin Physics Detector (SPD) — yHuBepcanbHbIu aeTekTop Ha Konnangepe NICA:
JeTanbHoe nsyyeHue Nonsipu3oBaHHOU U HeNONAPU30BaHHOW (FFTFOOHHOW) CTPYKTYPbI
NPOTOHA U AEeUTPOHa B pp- u dd- coyaapeHusaX Npyu BbICOKOW CBETUMOCTU A0 \s < 27 B

» [ononHAwowme Apyr apyra NpooHMKU: KBapKoHUU (J/PSi n BbicLLME COCTOAHUN),
OTKPbITbIN YapM M NpsAMble (POTOHbI

» SPD pgonxeH ynyywunTb NoHUMaHue 3D rMroOHHOU CTPYKTYPbI:

- nonsipu3soBaHHbIe MMIOOHHLIE pacnpeaerneHus

- HenonspusoBaHHble PDF n TMD npu BbICOKUX X B MPOTOHE U AEeUTPOHE
- FMOOHHAaA TpaHcBepcUTU (transversity) B AeUTpPOHe ...

» dusnyeckasa nporpamma SPD saBnaeTca AONOSHAKOLWEN uccriegoBaHuA
Ha COMPASS++/AMBER, RHIC, AFTER@LHC, LHC-spin, EIC

» LlUunpokasa nporpamma Ha 1-u Ctagum SPD:
- MOUCKMN IK30TUYECKNX pe30HaHCOB (FM0OonbI, NeHTa- U TeTpa- KBapKu), ...
- MHOFrOKBapKoOBble (prIyKTOHbI U MaFIOHYKITOHHbIE KOppensuuu ...

» SPD TDR: http://spd.jinr.ru ony6nukoeaH e Natural Science Review 1 (2024) 1-325
yTBepxaeH mexayHapoaHou akcneptuson SPD DAC u JINR PAC (noHb 2024)

» 1-a Ctagua SPD Bknro4veHa B 7-netHuut nnaH OUAN 2024-2030 > 35 MUSD

» SPD R&D: ontummsaumsa pmsanyvyecknx cUrHasnos, onTUMM3aUuna Au3anHa,
U3roToBneHne n TeCTupoBaHMe NPOTOTUNOB,
noaroToBKa K Npou3BoACTBY

» TectoBasi 30Ha SPD: HOBble BO3MOXHOCTH

Ceccus YC O®BJ, HULL KU - NMUAD, 26 pekabpsa 2024 B.T. Kum «Ctatyc 3xcnepumeHTta SPD» 60
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