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NICA) NICA in 2024

NICA technological launch - 13.06.2024
NICA beam circulation - 2025 3



NICA in 2025

BM@N (Detector)
Extracted beam

Two linacs:
HILAC & LILAC

Nuclotron |

SPD
(Detector)

Two Linear Injectors
& sources
Booster & beam line

Nuclotron ring

Injection complex is already in commissioning for few years (FT mode).
Run-2023 achievements: 5-8:10° '**Xe ions at 3.9 GeV/n. 4

Run-2025 started in February also with '**Xe.
Injection to NICA is planned to the end of 2025.



There are plans to study the detector prototypes at the
SPD collision point in the fixed target mode (W-target) in
current run.

These studies will be continued in the collider mode.



E—x : .
Cﬁl_ég’@ Requirements to polarized
| beam facility

- polarized and nonpolarized pp- , dd—collisions
-ppr(p) at vs_ =12 + 27 GeV (5 + 12.6 GeV kinetic energy)

- drdr(d) at vs =4 + 13 GeV (2 + 5.5 GeV/u kinetic energy)
-L__ = 10" cms’ (at Vs 227 GeV)

- sufficient lifetime and polarization degree (few hours, ~70%)
- longitudinal and transverse polarization at the MPD and SPD IP
- pd- collision mode should be available

The facility operation in pp - mode at Vs _= 27 GeV reaching
average luminosity of 10**2 cm2-s® remains the first priority task
for coming years.
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NICA NICA pp-collisions luminosity
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Q IP parameters: B = 35 cm, bunch length ¢ = 60 cm
bunch number - 22, collider perimeter C = 503 m

Lpeak = 1.8:10%*? cm™2-s™ — Lav = 10**cm=2:s?

* Luminosities for polarized deuteron and proton beams are similar. Deuteron
beam is preferable at the beginning of NICA operation in spin mode.

*The tests on the polarized p-beam injection, storage, electron cooling can be
started at low energies (~2 GeV) from the beginning of NICA operation.

« New LILAC should be put into operation to achieve the full luminosity.



LE-regime

HE-regime

1-st Solenoid Siberian Snake ]

2-nd Solenoid Siberian Snake J
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1-st SN insertion N (or SPD) 2-nd SN insertion

Spin transparent (ST) mode with w=0 is very
well suited to the SPD physics tasks.

Realistic scenario.
LE-regime: STup to Vv s =6-7 GeV using

~12 T*m Siberian snakes in each ring.
HE-regime: ST at the integer resonances k
at v S, 6-7 GeV (Ep= 0.108+k"0.523 GeV).

Yu.N.Filatov,Phys.Part.Nucl.56 (2025) 363.
E.M.Syresin et al., Phys.Part.Nucl.52(2021) 997.
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Cﬁgc;ﬁ Source of Polarized lons

Charge-Exchange lonizer == Atomic Beam Source
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SPI was put into operation in 2016-2017 with deuterons (tested with protons). 9
SPI current and polarization (for deuterons) are ~3 mA and 70-75%.
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NICA; SPD and world polarized pp- facilities

‘Tw 1 033

*t F SPD (NICA, JINR) AF{LEﬁC&g';g,j;"“
O B SATUHNEI[ pT—pT o - pT =
T . Saclay!

T10%2 o S S e

SPASCHARM : /@ : i T Y ¢ A
'(U‘-?O,Promnlﬂ)‘j‘f'sz ............. :A‘A..:i ..... :‘AE.‘_:AI ,E.‘E.A......‘..‘.‘.A? ......... :A.E ..... :“E
pT—pT SN R A -

10°

L IIIIII|

10% b ANKE.... . Al E704 i fii. PHENIx&STAR
(CO:SY nglcl?) Y A (Fermllab) -/ . (RHIC BNL) o
AR plept. S0 0 pT=pT

L IIIlII|

10%°

108 I g ... A VUL 13 SO T

1 10 100 s

Uniqueness: polarized dd-collisions are only at NICA!

At the 1-st phase polarized pd- collisions can be obtained from 10
quasi-elastic dd- collisions.



JOINT INSTITUTE

Spin Physics Detector

Electromagnetic calorimeter ~ Magnet \Range system Vertex detector end-ca Zero degree calorimeter
. N\ B

Time-of-flight system . ) .

SPD is a multipurpose 41t
detector placed at the
second interaction point of
>\ st Hep detector NICA and optimized to

_ remnen study spin effects and

4 \ \_Electromagnetic calorimeter end-cap . .

\A> | Tine-of-fiight system end-cap polarization phenomena at
N\ \fasbesn conter high energies using both
\ Aerogel Cherenkov detector hadronic and electro-
magnetic probes.

Straw tracker

Vertex detector

Beam pipe

Straw tracker end-cap

SPD Techical Design Report:

V.Abazov et al.(SPD Collaboration), Natural Sci.Rev. 1 (2024) 1. 1
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35 institutes from 15 states, 300 members
~15 MoU are signed

12



Spin Physics Detector Collaboration

VIl SPD CM
November 2024
Dubna

IXSPD CM
May 2025
Erevan

70-80 talks
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NLCA3 Scientific mission of SPD
-Contribute to the world effort in understanding the strong interaction using
unpolarized and polarized pp, pd and dd collisions at up to v's_ =27 GeV.

-Origin of the hadron mass: the Higgs
mechanism accounts for some percent

of the hadron mass: gluon dynamics Particle Hadron Nuclear
o physics physics physics

-Structure of the nucleon (charge, o - perturbative QCD strong QCD
magnetic, spin distributions) 78 A |
-Multiquark states 26" 1
-Open questions in the light nuclei 0. 3
structure - spin observables ,/ g
-Observables in ion-ion collisions . |

- [ 10" i i
(up to Ca-Ca system) * distanee ]

14



JOINT INSTITUTE

The ultimative goal of SPD is to measure
observables sensitive to the gluon content of
the proton and deuteron spin using colliding

polarized beams at NICA

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

A. Arbuzov?, A. Bacchetta®®, M. Butenschoen?, F.G. Celiberto?*, U. D’ Alesio®f, M. Deka?, 1. Denisenko?,
M. G. Echevarria®, A. Efremov?, N.Ya. Ivanov®", A. Guskov®!, A. Karpishkov’?, Ya. Klopot®¥, B. A. Kniehl9,
A. Kotzinian™™®, S. Kumano®, J.P. Lansberg®, Keh-Fei LiuP, F. Murgiaf, M. Nefedov/, B. Parsamyan®™,

C. Pisano®f, M. Radici®, A. Rymbekova?, V. Saleev?, A. Shipilova’?, Qin-Tao Song9, O. Teryaev?

Prog.Part.Nucl.Phys. 119 (2021) 103858

15



CAS Nucleon spin at SPD

AG/G

1/2 (measured: ~ 1/4)

+ AG + L

Gluons orbital
momentum

o(xe,p1) Ai(Xe pr) Arr(Xe pr)
An(Xk, pr)
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Gluon content of proton
and deuteron:
Transverse Momentum-
Dependent PDFs

GLUONS | ,;ipolarized | circular linear
L CH R
! o hy

in deuteron only 16
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Beam energies:
ptpt(Vsw) =12 + 227 GeV (5 + 212.6 GeV of proton kinetic energy),
drdt(Vsn) = 4 + 213.8 GeV (2 + =5.9 GeV/u of ion kinetic energy).



SPD phases

Creating of polarized Upgrade of polarized
infrastructure infrastructure

0 +2 +4 +6 +8 years

SPD construction SPD construction
1st stage 2nd stage
. .
of operation of operation
Electromagnetic calorimeter Magnet Range system Vertex detector Endcap Range system Endcap
Straw tracker  Magnet Range system / W\\ i “\‘ ‘I / FElectromagnetic calorimeter Endcap
Straw tracker i ™ - \\ L A f " Tine-of- flight system and Aerogel Endcaps
-0 ==

™~
Vertex defector e ~

Beam pipe

The first phase of the SPD project (2025-2029) is included into JINR’s 7 year topical plan (2024-2030)
It includes construction and commissioning of SPD, first data taking. 18



L
f(NICAs Spin Physics Detector: first phase

Studies with polarized and unpolarized
beams at low energies (3.4 GeV < Vs_<

9.4 GeV) and reduced luminosity
p-p, d-d, and ion collisions (up to Ca)
Simplified detector set-up

Up to 2 years of data taking

Range System
muon identification and
coarse hadron calorimetry

Straw tracker:
* 0~ 150 pum
* o(dE/dx) =8.5%

SPD Techical Design Report:

Solenoidal SuperConducting Magnet
Magnetic fieldupto 1.2 T

BBC MCP detector

e system end-c,

BBC for local polarimetry
and reaction plane
ZDC for online luminosity

Micromegas central tracker:
o~ 150 um

19

V.Abazov et al.(SPD Collaboration), Natural Sci.Rev. 1 (2024) 1.



Spin Physics Detector: second phase

Electromagnetic calorimeter ~ Magnet — Range system Vertex detector end-cap . Zero degree calorimeter

Time-of-flight system
Straw tracker
Vertex detector
Beam pipe

\
BBC MCP detector

Electromagnetic
calorimeter:
oE/E = 5%/VE ®1%

Range system end-cap
Electromagnetic calorimeter end-cap
Time-of-flight system end-cap

Beam-beam counter
Aerogel Cherenkov detector

Time of ﬂight System: Straw tracker end-cap
o =50 ps ~ i
30 /K separation for p < 1.5 GeV
Silicon vertex detector:

* MAPS (4 layers): 0 = 10 pm

Data AcQuisition system: FARICH in endcaps for pion/kaon  « DsSD (3 layers): ¢ = 27.4 um,
Free-streaming separation for particle G('): 81.3 um
Event rate up to 3 MHz momentum up to 5.5 GeV ‘ )

Data flow up to 20 Gb/s
Software online filter

SPD Techical Design Report:

V.Abazov et al.(SPD Collaboration), Natural Sci.Rev. 1 (2024) 1. 20
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@ICAS SPD first phase physics

Part.Nucl.Phys. 52 (2021) 1044.

SPD inspired the review of the possible studies at SPD during the first phase.
This physics program was preliminary, which relied on the detector and beam
setups planned at that time, however, it is a good base to formulate Day-1
experimental program.

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

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?,
A. Galoyan©, A. V. Guskov, V. T. Kim**, E. Kokoulina*’, I. A. Koop**“™, B. F. Kostenko™,

A. D. Kovalenko* 7, V. P. Ladygin®, A. B. Larionov* ", A. 1. L’vov°, A. 1. Milsteir/-%, V. A. Nikitin¢,
IN. N. Nikolaev?-z, A. S. Popov/, V. V. Polyanskiy<, J.-M. Richard?, S. G. Salnikov, A. A. Shavrin”",
P. Yu. Shatunov"*, Yu. M. Shatunov”-*, O. V. Selyugin”, M. Strikman®*, E. Tomasi-Gustafsson’,
V. V. Uzhinsky™, Yu. N. Uzikov" ** *, Qian Wang”*, Qiang Zhao*~*, and A. V. Zelenov#

21



FOR NUCLEAR
RESEARCH
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Beam pipe

Zero degree calorimefer

—
)
[\S)
/N particles per bunch
b

BBC MCP detector

Range system end-cag

—_

(e
sl
o

Beam-beam counter
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Figure 3.3: Normalized dependence of the luminosity L,,, (the red curve and the left scale) and the beam
intensity N, (the blue curve and the right scale) on the proton kinetic energy in the p-p collision [5]..

Restricted set of the detector
T systems:
P -Solenoidal SM
v - -Micromegas Central Tracker
10 -Straw Tracker
-Range (muon) system

PRI I | | T U
4 6 8 10 12 14
E, GeV

-Beam-Beam Counters

Lower colliding energies and -Zero Degree Calorimeters

luminosities for the pp- and dd-
collisions 22
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NICAS SPD first phase physics

Spin amplitudes of NN elastic scattering
High P_-exotics

N-pairs and @-pairs production

Vector meson production (strange, charmed) In total 14 proposals
Charmed baryons production

Color transparency

Deuteron short range spin structure

Scaling properties of spin observables

Dibaryons production

Fluctons

Observables in heavy ion collisions

The call of additional proposals is still open!

23



Platform for
equipment
(electronics,
cooling etc.)

Power structure of “inner” detectors

Significant progress in the design of detector
power structure and infrastructure. 24



R&D for the 2-nd phase detectors is in progress 75



N 5 J/W and charmonia as gluon probe
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FOR NUCLEAR
RESEARCH

)

~ 4000210 3.0 GeV < M(u"u) < 3.2 GeV, E_ > 0.35 GeV
3 ¥
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Reconstruction efficiency: ~40%
Large background due to pion decays and muon misidentification in RS

Observables:
cross-section, p_-, x.-dependencies, polarization, AN, ALL asymmetries

26



"
NICA
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Prompt photons as gluon probe

FOR NUCLEAR
RESEARCH
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NICA

Open charm (D-mesons) as gluon probe

FOR NUCLEAR
RESEARCH

Projected Statistical Uncertainty of Ago

DO — =n* + K : secondary vertex Z resolution 05—
E *  projected stat. uncertainty
B —=+— DSSD o, =62 pm 04;
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JOINT INSTITUTE

PhaseO: SPD hall

7 [ N “x § R R AR P"‘ﬂ|
2 places can be s “‘%‘::'Mliﬂ T HH e
used already for | e
detectors and i 7 T
electronics ' i
£
g 1
| X
=g
y | s
____________ =
Beampipe with 2 W- wires,
(S - electric power, network, gas

mixture need to be provided.

29



PhaseO: ion beams at NICA

D-720.000.000 Beam pipe MPD ver. 04.02.2027
Aluminium alloy 12071 GOST 4784 -2079

BEhxT DEIxLS

Bellows B 128x2 LF Flange

203

?%%%’é}«&%@
OO ARSI
Retistey

?Xe + W collisions (FT mode)

1245 e+1%4X e collisions

First runs: 2 prototypes of BBC and ZDC
Prototypes of ST, Micromegas, ECAL etc. will come later

30



Cl\_fiCAj Conclusions

Spin Physics Detector at the NICA (JINR) is a multipurpose 4x
detector for QCD studies with polarized proton and deuteron beams
at Vs up to 27 GeV

SPD is a facility for comprehensive study of gluon content in
proton and deuteron at large x and moderate Q?

SPD is a unique facility for polarized deuteron collisions

SPD first phase physics program is under discussion
New ideas are welcome.

31



Thank you for the attention!
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Cl\_TIrCA; NICA dd-collisions luminosity

Collider Luminosity vs deuteron kinetic
energy (GeV/u) at one IP

33 15

Collider parameters 1X10 1X0
s 05
32 14
1X0 ——11X0
P?rameter Value -
B ’ m 0.6 P il
G . m 0.6 0™ - 10"
S L{E) - N{E]
€., - mm-mrad 1.1 —_ %0 yd D ==
’ 1X0 7 ==X
NIP 2 /- R e
p 4 ,..""
E., GeV/u 1.0-6.5 1x10” .-/ — 0™
/ .
Vs, GeV/u 3.86 - 14.86 10 - 10"
1x0% 1x0"
1 2 3 4 5 6 7
1 E, 7
I.N.Meshkov, Phys.Part.Nucl. 50
Polarized dd-collisions (2019) 663-682.

are unique -
new physics!

12



Ep, GeV
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Np particles per bunch

beam energy

Q IP parameters: B =

Parameter 2.0 GeV | 7.2 Gev
Nuclotron Dipole Field Ramp up, T/s 0.6 0.6
Nuclotron Dipole Field Ramp down, T/s 1.0 1.0
Magnet field flat top duration, s 0.5 0.5
Total useful cycle duration, s 1.62 4.02
Dipole Magnetic Field 0.42 1.22
Acceleration time, s 1.67 1.67
Number of accelerated protons per pulse | 7-10" 7-10"
Number of cycles to store 2-10" particles 2x285 2x285
Collider filling time at cycle duration, s 923.4 22901
Preparation of the beam in the collider 100 100
(cooling, bunching emittance formation), s
Magnetic field ramp in the collider, T/s 0.06 0.06
Acceleration time from E; to 12.6 GeV ~ 27 ~13
Luminosity life time (30% polarization 5400 5400
degradation due to spin resonances), s
Beam deceleration up to the newinjection | ~1.7 ~0.8
Total cycle duration, s 6450 | 7803
Working part, % ~ 83 ~70

35 cm, bunch length ¢ = 60 cm

bunch number - 22, collider perimeter C = 503 m

Lpeak = 1.8:10%*? cm=-s*

- Lav = (10**’cm?-s™)

 The tests on polarized p-beam injection, storage, electron cooling can be
started at ~2 GeV energy level from the beginning of the collider
operation. The intensity of 5:10* ppp can be provided.

* New LILAC should be put into operation to achieve the full luminosity.




Spin effects at large
transfer momenta

Hyperon polarization Large angle pp scattering
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Setup to study dp- elastic scattering at I'TS at
Nuclotron

Deuterons and protons in coincidences using scintillation counters
Internal beam and thin CH, target (C for background estimation)
Permanent polarization measurement at 270 MeV (between each energy).
Analyzing powers measurement at 400-1800 MeV

The data were taken for three spin modes of SPI: unpolarized, “2-6” and
“3-5” (p,,p,,) = (0,0), (1/3,1) and (1/3,-1).

Typical values of the polarization was 70-75% from the ideal values.
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World facilities for gluonic structure

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'*He! | p-pl.d' p-p!
& polarization dl-d!

pT-d, p-dT
Center-of-mass <27 (p-p) | 63,200, | 20-140 (ep) 115 115
energy +/syn, GeV | <13.5 (d-d) 500

<19 (p-d)
Max. luminosity, ~1 (p-p) 2 1000 up to 4.7
1022 cm™2 57! ~0.1 (d-d) ~10 (p-p)
Physics run >2025 running >2030 >2025 >2025




Rates for the main SPD probes

027Gev> | 0135Gev> | N27Gevs | N135Gev
Probe nb (xBF) | nb (xBF) | 10° 10°
Prompt-y (pr > 3 GeV/c) 35 2 35 0.2
Iy 200 60
—Sptu 12 3.6 12 0.36
v(2S) 25 5
—J/yn n s ptuT T 0.5 0.1 0.5 0.01
—utu” 0.2 0.04 0.2 0.004
Xe1 T Xe2 200
Syl /y—=yutu 2.4 2.4
Ne 400
— pp 0.6 0.6
Open charm: DD pairs 14000 1300
Single D-mesons
DK 2" (D" »K"21) 520 48 520 4.8
D'kt @ -kt 360 33 360 3.3




Superconducting magnet

* PANDA technology
* Field at axis: 1.0T
* Operating current: 4.4 kA

e * Total stored energy: 19.3 MJ

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Cross section of the cold mass and cable

Cooling pipe, = -+
il Il High purity Al thermal bridge “\ A4
Magnetic field ciamasssbat—— \ -\
Side flange———. NN \
N N ) 1 |
Ground Insulation ~ D Mo N
0,00 1 : r— : mT——— SN NN J§ L
E88RRI[BREEESIRAIABRILIEEEI]R SR Conductor Insulation—— N . -
OO0 O0C OO0 O OO0 O ™ ™ = ™ ™ ™= ™= = = = o6 &6 6NN Sliding interfac
Conducts
Mechanical properties SRS BN C0000000000000000
1 10,05
p p NO0000C00000000C Loosa |

SPD Magnet SPD Magnet
(Stress, p=0,1MPa) (Deformation, p=0,1MPa)




Range system

Strip-board with MDTs

External board with strips perpendicular to MDT wires

Al profile, 0.6 mm

Noryl sleeve, ~1.0 mm o
~ 67 -
) S 1 v v ) o )
Goals: [l@%i’lhmhlihlﬁlﬁlﬁm -
:5 * Muon identification Wire support o0

®* Rough hadron calorimetry
* Yoke of the magnetic system

Anode wire (Gold plated tungsten, 0.05 mm )

834

Requirements: N -
;
[/_,
®* should have at least 4A
I
erTooks | SOLDWORKS Add-Ins | Simulation | SOLIDWORKS MBD | SOLIDWORKS CAM | Analysis Preparation | SOLIDWORKS Visuakize | Flow Simulation
> @ SPD-test Barrel-ECaps-02. iz AL & AP-0-
Value: el ,‘, 3 URES fmm)
Noge; == E |y 2042520003 mm LA
. B
MNode: 160181 . & ! e — . 1A2Ies00
R R Ll e . 23— = i 12440000
vvvvv 9522¢.01 mm ] o 108800
~ 858301
3 .
Location:| 3.16e+04,2.2e+ 04,2320 e 03 mm <t 355301
VVVV B 177701
bl 1000630
.
: T }
ki 297 Pes04258e400 mm 4
7017001




Straw Tracker
Barrel

Carbon fiber
frame

Goals:

®* Track reconstruction and
momentum measurement

® Participation in PID via dE/d
measurement

31 double
layers of straw

8
N
s

Requirements:

* Spatial resolution ~150 um

* Low material budget
gg&rl?tio_;] in magnetic field of

W7

Y

— LV )
§ oF —mx, mean —K, mean —p, mean
© 1
% oF! —n 1o —Kil —plo
5 JE$ -mI¥ K3 -p 3o

=

e

aF

3E

25 P

I==

Oo‘



Silicon Vertex Detector

MAPS option: 4 layers

Goals:
* Reconstryuction of secondar ral  torsors el

vertices for Domasons gecay e e Carbon supports
®* Participation in trcsz —

reconstruction an i dewn ol

momentum measurement

Requirements: » |
* Spatial resolution <100 um s Ui nenes
* Low material budget subsat P+ R
®* Has to he installed as close

as possﬁle o the Iﬁ"

D0 — =t + K : secondary vertex x-resolution

DSSD option: 3 layers 009 Ty

— o Straw tracker Layer 0S50 0.08 B DSSD:o,~80p

—

A Micromegas : o, ~ 435

0.07

0.06

0.05

0.04

0.03

0.02

\
\\\ - 1229

\
\
\ \ 0.01
\Maximum cable len

\ Cable, cooling pipe

,'V-

I 1 1 1 | I 1 1 | I I 1 1 1 | | I

4 -0.03 -0.02 -0.01 0 0.01 0.02 0.03
4 o, (cm)




Micromegas-based Central Tracker

\ Particle track
Effecti k \
GoaIS.' ki Y Cathode plane
* Improvement of the momentum
resolution
ReqUIrementS Primary electron Drift gap

drift lines
mesh

Amphﬁcanongap" e
* Anode plane with

readout strips

° %lé?gld operate in 1 T magnetic

1600

MM Superlayers
3 or 2 layers in each

FE boards

Water cooling"




Beam-Beam Counters

Plastic scintillator-based outer part

Goals:

* Local polarimetry
®* Luminosity control
®* Timing
Requirements:

° eration close to th
ggam pﬁ)e l%ner par?)

®* Time resolution. ~1 ns
{/nner) an?’~ﬂ)0 ps
outer part)

A-A B (zoom x3]
7712

MCP-based inner part

3712

30
30
50
30
C (zoom x5)
51
51
3
8
SR ~

'

~—L|
250
877
270

BBC in Tnaner

3772

550
4932 1350




SPD DAQ

Free running (triggerless) mode !

L1 Trigger Rate (sh)

._.
<

[—
<
TTIT

—_
<
T T

—_
<
TTTTIT TTT

Offline

JINRLIT

Tier 1. UIT CICC

: LHCb S - Long term
KTCV . /! Disk storage
| SPD | M. Online (DAQ, DQM) /
a’er niine 1€y as
| j.CDF | i
COMPASS — .Do;, -
‘ ‘ Hl DAQ-! )
OPAL : aBar Event building -
: .3ALICE i i@ﬁ
.BELLE I «Online» SW filter,
Ll | L ool L
10* 10° 10° 10
Event size (Bytes)
CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year




ICA)
NICA Electromagnetic Calorimeter (ECal)

Purpose: detection of prompt photons and
photons from % n and Y. decays

Identification of electrons and positrons
Number of radiation lengths 18.6X,

® Total weight is 40t (barrel)+2x14t (endcap) =
68t

Support structure will be made of carbon
composite materials

Total number of channels is ~30k

® 200 layers of lead (0.5 mm) and scintillator Energy deposition of one cell for MIP
(1.5mm)

400

100

® Low energy threshold is ~50 MeV

Time resolution is ~0.5 ns

50

® Size of one sandwich: 4 x 4 x 40 cm? 3505
® Moliere radius is ~2.4 cm 300;

36 fibers of one cell transmit light to 6x6 mm? zsoi—

SiPM 200f- 0=10%
® Energy resolution is ~5% / VE ‘5";—

R I B
100

1 Ly
150

T | I S B Loni i
200

Il 1 L
250 300 350 400 450 500
E, MeV

DCJ
8
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p, GeV/c

Refrective index, n

PID analysis in SPD (m, K, p)

1.2

mrec,'GeV
Aerogel
1.06_—
- KEDR (/K) m
1.05[— F ) P,= T
_ ) \ n*-1
~ \ \\
1.04— \ .
- T K.
1.03— \
E \ A
— \ S
. \ SPD (w/K) -
1.01—
E P R R L
b 05 1 15 2 25 3
p [GeV/c]

FOR NUCLEAR

E 5
§ -
e L
% |
o 4
g L
3_
2—
1=
ol 1 1 1 Ll 1 ] Ll | !
0 02 04 06 08 1 12 14 16

/K separation

-Short tracks (R<1m) to be identified by
straw up to 0.7 GeV/c

-Long tracks (R>1m) to be identified by

straw+TOF up to 1.5 GeV/c

-tracks with p>1.5 GeV/c to be identified
by aerogel

27




(WICA

FOR NUCLEAR
RESEARCH

Data Acquisition System (DAQ)

SPD Experimental Hall ®  Bunch crossing every 76 ns — crossing rate 12.5
SPD Detectors MHz
Frontend cards (~700k channels) ~3500 FE Cards . . .
D TR i i l ® At maximum luminesity of 1032 cm2s™ the
(<10 MB/s/link) . . .
e Frontend Frontend Frontend Frontend Frontend EBDO FItE t Interaction rate 1s 4 MHZ
Concentrator || Concentrator || Concentrator || Concentrator || Concentrator | §0NC€Ntrators PY . . . .
~300 Data Links i i & rcs No hardware trigger to avoid possible biases
(<100 MB/s/link) }
Py 10 UDHmXx ® Raw data stream 20 GB/s or 200 PB/year
FPGA FPGA FPGA FPGA FPGA
UDH UDH UDH UDH UDH NICA . . .
. ™ ™ i ™ ™K TCS \yhite Rabbit ®  Online filter to reduce data by oder of magnitude
Supervisor Computer:
- IPBUS Server; k lv l’ ~10 PB/year
- Config Server;
- File Server; IPBUS
- Config DB Server;
- etc. Offline
A 4 v PBUS v JINR LIT
Tier 1. LT CICC
Gpeusy & FPGA FPGA € s '—'Lun -
UDHsw «TCS UDHsw S Control /_ Diski'mmge -
ontroller: T m“’:se
20 Data L'“ks‘ ‘ ‘ ‘ ‘ - Reference Clock; Online (DAQ, DQM) 4 T \ ) Computing
@ ?rgfuss’ - Time Stamps; v < nciity
— — - — — Tier 2. HPC «Govoruns
20 Readout ::I :I = ::I = psriorince N\
Computers storage

20 x 25Gbps

e AR A

—I - Bunch Crossing (?77)

Online Computers:

96-ports 40Gbps/25Gbps/10Gbps/1Gbps Network switch

25Gbps
Ethernet Links

00 00 - )

Online Computers

- online filter;
- monitoring;

- temporary data storage;

- data recording;
- online data analysis;
- etc.

yiny

Transfer to
Final Storage

‘system.

DAQ,

Tier 2. JINR Cloud

Event building
External collaborator
«Online» SW filter, B
DoM '
CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year
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Beam test area of SPD at Nuclotron

FOR NUCLEAR
RESEARCH

Momentum vs TOF

“%
VZZAN
wﬂgﬂﬁﬁlaiﬁh;\

G LI L 77

E!" 5630

/L
A7 Z 77727 77 A 1] :
133

o [[I\V/ /-
7]
224

VY.
/LA
G5

A
oz [Raw
==

1 T 5 7 A Tl
72 777NN 10867 4 4 HMC T
/// \ s 2 Z. l//I//ER - ¥ 13969.6
LA ANNNG S \77177] Technical area
MARUSYA N a7 7 707 7 A
B, [N LA LA L LA LA
RN
. 5423 ‘\\-‘\\:
_ I Experimental room
3 7T A
9

Experimental room
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Beam test area of SPD at Nuclotron

2 target stations,
2 spectrometers with PID
gas, DAQ, DCS (TANGO )

PMeV/ic| d |pn | |K | K |u | e
400 10° | 10° | 10° | 10° | 10° | 10° | 10°
800 10° | 10* | 10* | 10° | 10> | 10 | 10°
1500 10 | 10* | 10* | 10° | 10* | 10% | 10°
2000 10* | 10° | 10* | 10° | 10* | 10* | 10°
7000 10* | 10° | 10° | 10° | 10 | 10 | 10?
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