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SPD - EXPERIMENTAL CONDITIONS

: 2 oI
circumference -503 m, Lpp(£:), cm™ s Np
number of collision points (IP) - 2, 1x10% E 110"
beta function Bmin 1n the IP -0.35m, (%1032 L (%1014
number of protons per bunch - ~1-10"%,
number of bunches -22, 1x10% E %10
RMS bunch length - 0.5 m, -

: : 1x10% 1x10
incoherent tune shift, Apassiett - 0.027,

beam-beam parameter, § - 0.067, 1 x10%° 1 x10!
beam emittance €, (normalized) (x10887° . 1 %1010
at 12.5 GeV, 1 mm mrad - 0.15. 1 23 45 6 7 8 910111213
|P|>0.6 E,. GeV/u

Beam energies:
prT(\/Spp) = 12+2>27 GeV (5 +>12.6 GeV of proton kinetic energy),

dtdt (Nsaw) = 4 = >13.8 GeV (2 = >5.9 GeV/u of ion kinetic energy).

|
Unique possibility! All combinations of collisions are possible -

also p1d/ UU, LL, TT, UL, UT, LT



SPD - VS OTHERS
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CONCEPT OF THE SPD PHYSICS PROGRAM

SPD - a universal
facility for
comprehensive study of
gluon content in proton
and deuteron at
large x
Prompt photons Other

Open charm thSiCS

Charmonia

Other spin-related
phenomena




SPIN STRUCTURE OF NUCLEON
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GLUON PROBES AT SPD
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MAIN PLAYERS IN POLARIZED GLUGN PHYSICS
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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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MORE DETAILS ABOUT GLUON PHYSICS AT SPD.
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PHYSICS OF THE FIRST STAGE OF SPD RUNNING

» Spin effects in p-p, p-d and d-d elastic scattering
> Spin effects in hyperons production

» Multiquark correlations

» Dibaryon resonances

> Physics of light and intermediate nuclei collision
» Exclusive reactions

» Open charm and charmonia near threshold

» Auxiliary measurements for astrophysics
) ® 00

12



SPD SETUP: GENERAL CONDITIONS

Detector mass must be kept No effective muon ID Strong limitation to
below 1500 ton together with = with muon system with = geometrical size of the
lodgement and moving system <4 A setup

No sizable boost for

produced signal heavy
particles like J/Y, D ...

—p

PHENIX Detector
G S

Tiny cross-sections of +
sighal processes

~4m geometry for all
subsystems

Interaction rate up
to4 MHz at 27 GeV

Side View |



DETECTOR: GENERAL QVERVIEW

PO Endcap 7DC
. Magnet system _ - ‘.
/,,.,,,,»-"' Beam pipe -7 -7
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Charmonia

Prompt photons
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MAGNETIC SYSTEM

6 solenoidal coils inside the ECAL:
* compact
e 1 T at the beam axis
* Z-optimization

Field IBl [kG], £=0.000 [cm]
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VERTEX DETECTOR

Two variants:

Endcap DSSD

5 layers of DSSD

Barrel MAPS

Barrel DSSD

Endcap MAPS

3 internal layers in barrel replaced by MAPS

Goals:

* Reconstruction of secondary vertices for D-mesons decay

* Participation in track reconstruction and momentum measurement
Requirements:

* Spatial resolution <100 um

* Low material budget

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

16



STRAW TRACKER

'Car'bon fiber 30 double
> ',/frame layers of straw
- Carbon (x2 zoom)

“capsule

Goals:

* Track reconstruction and momentum measurement
* Participation in PID via dE/dx measurement
Requirements:

* Spatial resolution ~150 um

* Low material budget

* Operation in magnetic field of about 1 T

Module - lacal sections view

—

1700
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PARTICLE IDENTIFICATION SYSTEM

TOF system
mRPC-based

Goals:

*11/K separation up to ~1.5 GeV
* K/p separation

* to determination

Requirements:

* Time resolution ~60-70 ps

Scintillator-based

some R&D 1is still needed

Aerogel-based PID Aerogel

/
Light j
sensor
\. \
\
Wavelength shifter
§105;  KEDR (wK) m
R " P ™ Vet
3]23 1.04— % \\}\(ﬁ
1.02{— ‘\ SPD (7/K)
bIIIIO|5IIII%IIII1.I5IIII2|IIII2|5IIII3
p [GeV/c]
Goals:
*1/K separation up to 2.5 GeV range
Requirements:

* We should have enough light!

18



ELECTROMAGNETIC CALORIMETER
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4932 160x160

400
IN

40

40

1754
1600

40
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160
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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 19



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;
20



VD ’ ECal ! ECal Endcap

PID '-\ f R PI0 Endcap

BEAM-BEAM COUNTERS ="

", - [l yd g
S\ ;
___________ \ " TREndcap

''''''

" Magnet system
/- ~

// /"/ .
2 e Beam pipe

o
e

- =" RSEndcap

.....

Goals:

* local (online) polarimetry

*local (online) luminosity monitor
* to determination

Requirements:

* Operation inside the beam pipe
(inner part)

~_ *Time resolution ~1 ns (inner)
} and ~400 ps (outer part)

21



[ERO-DEGREE CALORIMETERS

QFF4W QFF5W QFF6W
Bv4aw

I >
. MC31W1 BV3W1

RF3
Goals:

* Luminosity monitor
*n/y detection
Requirements:

* 13Xy for EM-part and 2.9 for
hadron part

* Energy resolution

50 % /\/ E @ 30 % for hadrons
and 20 % I\/E @ 9 % for y

* Time resolution ~150 ps



LOCAL ONLINE POLARIMETRY
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* Charged particles in BBC

T -~ 1T T © I .0 ]
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SPD Experimental Hall

SPD Detectors
Frontend cards (~700k channels) ~3500 FE Cards
~6000 UCF Lin P ZAN Z' S AN
® @ 0 0 & 0 & 0 & 0 0 0 0 O O O O o O o 0 O O o O 0 0 0O 0 0 0 (<10MB/S/Iink) L lL iL JL JL ~300FE P © o o o o ¢ ¢ 0o o o
\pEUs|  Frontend Frontend Frontend Frontend Frontend C trat
Concentrator || Concentrator || Concentrator || Concentrator || Concentrator oncentrators

TCS
~300 Data Links
(<100 MB/s/link) l l l l l

IPBYS 10 UDHmMx
FPGA FPGA FPGA FPGA
UDHmMXx UDHmMx UDHmMx «TCS \I>|V|k(1:A -
ite Rabbit

Supervisor Computer:
- IPBUS Server;

- Config Server;

- File Server;

- Config DB Server;

No hardware - efc.

IPBUS

IPBUS

FPGA FPGA TCS I I I
UDHsw «TCS

UDHsw
TCS Controller:

20 Data Links - Reference Clock;
(1 GB/s) l l I l l - Time Stamps;

triggers to avoid
possible bias!

IPBUS — — — — — — | - Bunch Crossing (?77)
20 Readout — — — . — — —
Computers = - = Tes

:shzf,f::a':::wfui " 22222;

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

- monitoring;

- temporary data storage;
- data recording;

- online data analysis;

- etc.
[f’ T’ 1 1 1 1 |E|/ |E|/ |E|/ ‘EI/
Transfer to

Online Computers
Final Storage 24

25Gbps
Ethernet Links




COMPUTING

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Offline

JINR LIT

Online (DAQ, DQM)

High
performance
storage

DAQ,

Event building ﬁ - o i

Tier 1. LIT CICC

Long term
Disk storage

storage

, Tape Computing

facility

S

Tier 2. JINR Cloud

\ Tier 2. HPC «Govorun»
|

External collaborator

Tier 2
«Online» SW filter, T T
DQM —> __ storage |
CPU [cores] Disk [PB] Tape [PB]
Online filter 6000 2 none
Offline computing 30000 5 9 per year
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PHYSICS PERFORMANCE: TRACKING AND VERTEXING
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PHYSICS PERFORMANCE: PID
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PHYSICS PERFORMANCE: CALORIMETRY
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PHYSICS PERFORMANCE: GLUON PROBES
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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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COST ESTIMATION

Subsystem Option Cost, M$
SPD setup Vertex detector:
- DSSD VD1 9.4+6.5 (FE)
— DSSD+MAPS VD2 | 9.4+7.0 (FE)
Straw tracker 24
PID system:
— RPC-based TOF PID1 5
— Scintillator-based TOF | PID2 4
— Aerogel PID system PID3 5
Electromagnetic 21.1
calorimeter
Range system 14.2
ZDC 2
BBC 0.4
Magnetic system 10
Beam pipe 2
General infrastructure 5
Slow control system 0.8
Data acquisition system 1.6
Computing 10 +4.5 per year
TOTAL COST VD2+PID2+PID3 94.9
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SUMMARY

» We plan the Spin Physics Detector at the NICA collider is 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.

» Complementing main probes such as charmonia (J/{ and higher states), open
charm and prompt photons will be used for that.

» The physics program dictates the layout of the setup: we propose the SPD as a
universal 4n detector equipped with the silicon vertex detector, straw tracker, PID
system based on TOF and/or aerogel Cherenkov detector, electromagnetic
calorimeter, muon (range) system, two beam-beam counters and two zero degree
calorimeters.

» The performed Monte Carlo study shows that the proposed detector meets the
requirements of the physics program.

» The proposed physics program covers at least 5 years of data taking.
» Preliminary estimation for cost of the SPD setup is 95 M$.

» The first version of the Conceptual Design Report is almost ready and will be
presented in January 2021 at the winter session of the PAC.
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