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The SPD international collaboration is forming now 2



PARTONIC STRUCTURE OF PROTON AND DEUTERON

o(x5,pr) A(xppr) Arr(xppr) An(xrpr) I Gluon content of proton
| ’ - and deuteron: TMD PDFs
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Physics of the first stage

Tensor structure of deuteron: > Spin effects in p-p, p-d and d-d elastic scattering
Spin-1 > Spin effects in hyperons production
System » Multiquark correlations :
_ arXiv:2102.08477
m =+1 » Dibaryon resonances
> Physics of light and intermediate nuclei collision
% m=0 » Exclusive reactions
,. » Open charm and charmonia near threshold
W M= » Auxiliary measurements for astrophysics .




GLUON PROBES AT SPD
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Experumental SPD RHIC EIC AFTER | LHCspin
facility @NICA @LHC
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1 collider colhider colhder fixed fixed

Operation moda
® © 0 & & & & 0 0 0 0 0 6 O 0 O O O O O O O O O O O O O O 0O O O O 0O O 0 0O 0 0 0 0O 0 0 0 0o mIgCt taIgCt

Colliding particles p'-p' p-pt | ef-pld'He! | p-pldl p-p'
. & polarization || 1l |
In the d'd" mode we are unique o

Center of mass <27(pp) 63,200, | 20140 (ep) 115 115
energy \swx, GeV | €135(d-d) 500
<19 (p-d)

Max. luminmily. ~1 (p-p) 2 1000 up to 47
10" cm™ s~ ~0.1 (d-d) ~10 (p-p)

Phys:cs run >2025 running >2030 >2025 ~>2025

In the p'p! mode: 0 —

- cEMC o COMPASS-OC N @0
) 33 . ] T L PR LT R SEPEELEEPERRPRR EEREEPPRY SEEEERY FEPRESERE SRF SEE e A A A : ASMC 0o STAR-W* D AFTER :
N"’1O = o AFTER & LHCspin | L oSMClowx + STAR.iets pp .
= SPD (NICA JINR) - : j
e — A (LHC, CERN) , _ N
o B | SATURNE” pT— pT R p pT : 0° - =E143 * PHENIX-jets I 2N —
fan32 - Saclay - eE154 I NICASPD xt w .
10 E pT pT : | xE155 EIC A
— : Pl ~ : - *COMPASS-D
31 B SPASCHARM 02| "COMPASS-P —
10 ?(UJQ}"PT‘OFW”O) """""""""""""""" Y A5 - +HERMES97 :
= pT-pf ‘ - sHERMES g
B . . . - . Y A . . . N n A v
— : SN & : RN SRR ; I B B oy x_ D i
10%0 b ANKE..i. i i g0 E_7;.o_4____%______;_____é PHENIX&STAR CHR /
= (COSY, Julich) i : M1t (Fermilat) i/ i iii (RHIG,BNL) © : 101 i AR
- RT-p o i pript pT-pT E R N e
— : RN £ : : N £ x A’ﬁ-A'A.AA*M i
29 » * Cam® A+
et S ALAAALEREY AARRA A AR AER AR AN AR R SRR LR SRR Sl - d ¥ .l-ﬂ Ar —
10 = X * T X e “A .4-.1+A N .
— 1E ! Lol ! Lol ! L1110
= 10° 10 10"
X

1028 I (SN R O DO 03 OO OO O O 1
1 10 100 Vs, GeV/



DETECTOR: GENERAL QVERVIEW
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Barrel DSSD

Goals: Endcap MAPS

* Reconstruction of secondary vertices for D-mesons decay

* Participation in track reconstruction and momentum measurement
Requirements:

e Spatial resolution <100 um

* Low material budget

* Has to be installed as close as possible to the IP

Straw tracker Goals:
9 Carbon fiber 30 double * Track reconstruction and momentum
c /frame layers of straw measurement
' /Carbon (x2 zoom) * Participation in PID via dE/dx measurement
2\3_5_0 - capsule Requirements:

* Spatial resolution ~150 um
* Low material budget

 Operation in magnetic field of about 1 T
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some R&D 1is still needed

PARTICLE IDENTIFICATION SYSTEM

TOF system Aerogel-based PID
mRPC-based  Scintillator-based U L eomew -

SPD (w/K)
| - 2 25p [GeV/c;i

Goals: ‘ | : y
*11/K separation up to ~1.5 GeV = -~ 3
¢ K/p Separation Wav;ength shift
* to determination N /
Requirements: Goals:
* Time resolution ~60-70 ps *1/K separation up to 2.5 GeV range

Requirements:
* We should have enough light!



ELECTROMAGNETIC CALORIMETER
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Goals:
* Detection of prompt photons, photons from n0, n and y. decays

* [dentification of electrons and positrons, participation in muon identification
Requirements:
* Granularity ~4 cm

* Low energy threshold (~50 MeV)
* Energy resolution ~ 5 % /\/E 10



RANGE (MUON) SYSTEM

[ 35 mm — gaps for MDT detectors }

I\

Nl

Goals: H p n—-

* Muon identification
* Rough hadron calorimetry
Requirements: : :

e should have at least 4;
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LOCAL POLARIMETRY AND LUMINOSITY CONTROL

Local polarimetry § ¢ vivacay |
0- ® v8=200 GeV 0.4
* Charged particles in BBC R _
. <z [ % % ]
* 110 in the end-cap part of ECAL a1 S 0.2
* Neutrons in ZDC tp X Theoy CF
ot
Beam-Beam Counter -
scintillator-based outer part —0.2
Requirements:
* Qperation inside the beam pipe ~ —0.4

(inner part)

e Time resolution ~1 ns (inner)
and ~400 ps (outer part)

; | ] |+
4
: & b : =
& :
R IS
o
m@

e

U—H 1
¢ {_
il oo o o e R
0 020406 0.8
Xf

Zero Degree Calorimeter

12



DAQ & COMPUTING
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No hardware triggers to avoid possible bias!

Offline

JINR LIT

Tier 1. LIT CICC

Online (DAQ, DQM)

Long term
Disk storage
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Computing
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M ass
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High
performance
storage

S=SS

Tier 2. JINR Cloud

DAQ,

Tier 2. HPC «Govorun»

External collaborator

Event building E T i

«Online» SW filter,
DQM
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PHYSICS PERFORMANCE: ACCURACIES
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TENTATIVE RUNNING PLAN

non-nucleonic structure of deuteron,

“Tensor porlarized” PDFs

Physics goal Required time Experimental conditions
First stage

Spin effects in p-p scattering 0.3 year Prr-Pors V'8 <7.5 GeV
dibaryon resonanses
Spin effects in p-d scattering, 0.3 year yonsor=P> 'S <1.5 GeV
non-nucleonic structure of deuteron,
P yield
Spin effects in d-d scattering 0.3 year rprsor-Brenvors V5 <1.5 GeV
hypernuclei
Hyperon polanization, SRC, ... together with MPD ions up to Ca
multiquarks

Second stage
Gluon TMDs, 1 year pPr-Pr. Vs =27 GeV
SSA for light hadrons
TMD-factorization test, SSA, | year pr-pr. 1 GeV< /s <27 GeV
charm production near threshold, (scan)
onset of deconfinment, p yield
Gluon helicity, 1 year Pi-Pr. /s =27 GeV
Gluon transversity, | year & ensor-Liensor /San = 13.5 GeV

(lr/ﬁnl.l? drensor'pT’ 4 /SNN = ]9 Gﬁv

= 5 years

of data taking
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DIRECTIONS FOR COLLABORATION

BT ey R

Detectors

Software development

DAQ Testing facilities
Computing and Big Data Monte Carlo simulation

Machine
learning

algorithms

Slow control and VELLEIEDRT

monitoring magnetic
measurements
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SUMMARY

» The Spin Physics Detector at the NICA collider as a universal
facility for comprehensive study of polarized and unpolarized gluon
content of proton and deuteron, in polarized high-luminosity p-p

(up to 1032 cm=2s-1) and d-d collisions at \/E <27 GeV. The wide
physics program is also prepared for the first period of running with
reduced energy and luminosity.

» SPD CDR could be found at arXiv:2102.00442 for more details.

» It seems, we have huge potential for cooperation: spin physics,
detectors (R&D and construction), DAQ, beam tests ...
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PARTONIC STRUCTURE OF PROTON AND DEUTERON

0(xpp1) ALL(Xpp1)

Unpolarized gluons in

ATXF,pT) AN(XF,T)

proton and deuteron at Tensor structure
high x: - > of deuteron:

elxpal w=2GeV

Spin crisis: Spin-1
. 3, System
Gluon helicity :
g ogb. m= +1
® - 49 - ,,
0 - 0
Nonbaryonic content of deuteron: ,
TN NS m=-1
< (_)\ /=% \ Gluon and quark TMD PDFs: 3¢
f’/ o 3 a' : '\\‘ﬁ '(,g\ ) LEFT
S e -
5+ waves R Sivers effect \ o

Gluon transversity * and Collins effect

As=2 P
+ 3 RIGHT
t - t —@ : - spin-dependent fragmentation
A'f'l‘o_
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SPIN STRUCTURE OF NUCLEON

Momentum of proton

Spin of proton
Spin of parton

Transverse momentum of parton

QUARKS | ,polarized | chiral transverse
L gu h]t
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circular

linear
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EXPECTATIONS FOR SPD ENERGIES
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PHYSICS PERFORMANCE: TRACKING AND VERTEXING
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Dimuon mass spectrum fitted with the double Gaussian shape
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aE/ax [<eV/cm)

PHYSICS PERFORMANCE: PID
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PHYSICS PERFORMANCE: CALORIMETRY
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DAQ & COMPUTING
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SPD Experimental Hall

SPD Detectors
Frontend cards (~700k channels) ] ~3500 FE Cards

i) I i

~6000 UCF Lin
(<10 MB/s/link) L

~300 FE
PBUS Frontend Frontend Frontend Frontend Frontend C trat
Concentrator || Concentrator || Concentrator || Concentrator || Concentrator «on_lf:cesn rators
~300 Data Links
(<100 MB/s/link)
'PBég 10 UDHmx
FPGA FPGA FPGA
UDHmMx TCS NIC.A .
White Rabbit

Supervisor Computer:
- IPBUS Server;

- Config Server;

- File Server;

- Config DB Server;
- etc.

IPBUS

FPGA
UDHsw

111

TCS Controller:
- Reference Clock;

TCS

20 Data Links

(1 Cligluss) - Time Stamps;
— — — — — — | - Bunch Crossing (?7?)
20 Readout — — — ... — — —
Computers = — — = — — TCs
sz WL

1Y

96-ports 40Gbps/25Gbps/10Gbps/1Gbps Network switch |On!ine Computers:
- online filter;

- monitoring;

25Gbps

Ethernet Links - data recording;

- online data analysis;
- etc.

I A I iy

Online Computers

Transfer to
Final Storage

No hardware
triggers to avoid

Offline

JINR LIT

possible bias!

Long term

Online (DAQ, DQM)

Disk storage

Tier 1. LIT CICC

Mass
storage

Computing
facility

v

High
performance
storage

SSSS

Tier 2. JINR Cloud

N

HPC

Event building

External collaborator

«Online» SW filter,
DQM

storage

| :
l Transient

Tier 2

Computing
facility

CPU [cores]

Disk [PB] Tape [PB]

- temporary data storage;

Online filter
Offline computing

6000
30000

2 none
5 9 per year
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