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w:
NICA (Nuclotron based lon Colider fAcility) @@
IS the flagship project in high energy physics
of the Joint Institute for Nuclear Research

Main targets of the NICA project:
- study of hot and dense baryonic matter

- Investigation of nucleon spin structure,
polarization phenomena

Ring circumference, m 503.04
heavy ions

energy range for Au”?*: /SN, GeV 4-11

r.m.s. Ap/p, 107 1.6

Luminosity for Ay”?*, cm™ s™ 1x10°’

polarized particles

max. /S for polarized p Gev 27

. . } } 32
Luminosity for p, cm™? s™ 1x10
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existing facilities to be constructed

RS e T, s >3
VR 4 - KRION-6T+ HiLac (3Me)/u),
& hall for fix~.d -~
— * experinients

NUCLOTRON
0.6-4.5 GeV/u
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Civil Construction, bld.17
June 2018

Collider MPD Hall
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)
Polarized beams @K

NICA Collider Luminosity in pp Collisions

Lpeak ~
1.8°1032 cm-2's-1

100 —{100
— L_|E:| !
e 5 ! -= N_E|

N - 10 - =)
Luml-l?g)!‘-lty = H particle number

1 1' per bunchin 1011 units

. 30 .
in 10 unltsU l*l , Mmaximum proton number

in each ring - 2.2e10%3

0.01 0.01
1 3 s 7 9 11 13

E, Bunch crossing each 80 ns;
RIS - SmEy: £ 1 Sonse crossing rate 12.5 MHz .

circumference - 503 m,

number of intersection noints (IP) - 2,
beta fund Polarized beams

number{= pTpTat Vs,, = 12 - 27 GeV, L,, = 1032 cm?s!
number { « dtd? at Vsyy = 4 - 13 GeV

RMS bW « jongitudinal and transverse polarization at SPD and MPD
incoherent tune shift, Az 50 -0.027,

beam-beam parameter, & - 0.067,

beam emittance &, , t mm mrad - 0.15 (normalized at 12.5 GeV).
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Start of the SPD project

o Letter of Intent presented at the JINR

PAC in summer 2014, where:
 the physics program of the experiment was

developed,;
« requirements to NICA polarized beams were -,
formulated:; Nec sine e, nec tecum vivere possum. (Ovid)’
- desired detector characteristics and sketch of Spin Physics Experiments at NICA-SPD with

- . polarized proton and deuteron beams.
the facility were given;

Compiled by the Drafting Committee:

o A feW presentati on at i ntern atl Onal Confe rences LA. Savin, A.V. Efremov, D.V. Peshekhonov, A.D. Kovalenko, O.V.Teryaev,
. . —\.P. Nagajcev, A.V. Guskov. V.V. Kukhtin, N.D. Topilin.
about the physics potential and program of the , ,
(Letter of Intent presented at the meeting of the JINR Program Advisory
SPD were given; Committee (PAC) for Particle Physics on 25-26 June 2014.)

» Several workshops on spin physics at NICA were
organized:
« NICA-SPIN-2013, dy6na, 17-19.03.2013
« SPIN-Praha-2013, 7-13.07.2013

* NICA-SPIN-2014, Praha, 11-16.02.2014
«  SPIN-Praha-2015. 26-31.07.2015 In 2017 a new stage of the project started:

. DSPIN2013, DSPIN2015 DSPIN2017 | [rom Lolto CDR (Conceptual Design Report)
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Physics tasks ®CH

Nucleon spin structure studies

= Drell-Yan pair production;

\\.‘\ q g_)q ?’ ; o A, \7
" qqbar—gy

KA EEEEE D

= Nucleon PDFs by J/y production;

LO c€ production diagram:

D =R

Spin-dependent effects in elastic pp, pd and dd scattering;

Spin effects in exclusive hadron production;
Spin effects in production of hadrons with high p+;

etc....
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Spin dependent PDFs (NICA)

Wigner distributions \
=%, i \ Transverse momentum
plx, kr.br) TMD |
5-D correlations ol \
}* osition
,\J GPD
partons
o °

Longitudinal momentum

k- ==zPt
°
o o
e o
I
| y \{\V 2 oy,
‘/ (xB' Q ) ’f(

Pl

from A. Bacchetta, 2014

Transversity Momentum Distributions: TMD (x,k ;)
probe the transverse parton momentum dependence
I

Generalized Parton Distributions : GPD (x,b;):
probe the transverse parton distance dependence
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)
NICA
TMD and GPD C‘fg

. Y NUCLEON 3 PDFs are needed to
unpolarized longitudinally pol. describe nudeon
1
g L, ® L @ @ structure in collinear
kT . .
) number demsity (Siers approximation
3
w % S Eir P
X & Ser i vl '.}-.“r‘_'v,- .
< 3 -1 8 PDFs are needed if
e ] helicity .
S we want to take into
: I @-@ account intrinsic
k, ' v 2 ,
é (o | e @2 @-| B S| transverse momentum
- - pr osi j
- kt of quarks
T-odd chiral-odd
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Structure functions CNT.CA3

1. Transversity: A UT“H%) represents the number distribution of transversely polarized quarks in a

transversely polarized nucleon;

2. Sivers: A;}I}(qb_%), represents the distribution over the transverse momentum of non-polarized
quarks in a transversely polarized nucleon;

3. Pretzelosity: AUT( =45 , represents the distribution over the transverse momentum of transversely

polarized quarks in a transversely polarized nucleon;

4. Boer-Mulders: A ( h , represents the distribution over the transverse momentum of transversely
polarized quarks in a non-polarized nucleon;

5. Worm-Gears: A L( 2 , represents the distribution over the transverse momentum of longitudinally
polarized quarks in a longitudinally polarized nucleon.
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28 Mar. 2019

Dimuon spectrum from NA51 (/s = 29.1 GeV)
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COMPASS data, pion beam e

0.4 F COMPASS
- proton 2015 data
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Figure 4: COMPASS data on Drell-Yan pair production spin asymmetries related to Sivers, transversity
and pretzelosity TMD PDFs (top to bottom).
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. . _r ]
s Kinematical ranges and statistics (NIC@

J||V| PASS'ZO]_S data PRL 119 (2017) 112002

* 4.3GeV/c*< M, <85 GeV/c? e (xp)=0.33

« qr > 0.4GeV/c * (qr)=1.2GeV/c

* {(f/)=018 » (M,,) =53 GeV/c?
(Prarget) = 0.73

« t~1.08864 x 107s (18 weeks, 126 days) Npy=35 x 103

SPD « (xp) =0.0

* 4.0 GeV/c?< My, < 9.0 GeV/c? * (qr) =24 GeV/c
(Pbeam 1,2) ~ 0.6 . (MW> = 4.8 GeV/c?

e L=1032cm2%s71 Npy =opy X L Xt Npy=88.8 x 103

« t=107s (16.5 weeks)
¢ O-DY[4—9] = 0.074 nb

1 1
Pp1Pp; /N
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o
Asymmetries in DY pair production (NICAS

Q2 =4 GeV? Q2 =15 GeV?

Asm(¢ dg) g;N
0.12

0.10
0.08
0.06
0.04
0.02

=1l

Sivers

J.C.Collins et al., PRD73
(2006)014021

Boer-Mulders

08 060402902 04608 _0'8—0.6_0‘4—0.2 052040608
Xp—Xp , Xp = Xp 4

s= 400 GeV?
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W
Prompt photons NICA)

The gluon Compton scattering gives access to the gluon content of proton:

o, ubn

10 99 —>qy
- NICA

Transverse beam polarization: access to the Sivers function for gluons

! T,T
Z:fn . dmu/[{‘ak-Tﬂd‘ﬂkTﬂ . [:F}TI"E;/E} ey [qg'[:.Trﬂ,kTu Jn,.rG(:Eﬁjka:]
dcr

<2aG > a) + Glowker) (o k) o (Ga — )

Longitudinal beam polarization: access to gluon polar1zat10n Ag/g

[Ag(z1)] [X ez Aq(z2) + Ag(zs)]
AL~ g(z1) >, € la(z2) + a(@2)] |7 (1e2)
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Prompt photon production cross section

> -« WA70 pp
® 4 = UA6pp INCNLO or JETPHOX
E | v E706 pp /530 M=p=MF=pt/2
S | a E706 pp/800 CTEQ6M N\=326 MeV |
8 L O UAG B fragBFGH‘ i I
PP 1 |
31~a R110pp |
| ¢ R806 pp
- < AFS pp
- O PHENIX preliminary pp
2 e DOpp
| v CDF pp—yX Vs=1.8 TeV
b
L A5 S EE—
S A f’} ®ie g ¢ 'T %}
O 1 1 1 1
0.01

Figure 5: Measured cross section of prompt-photon production divided by the predicted one as a function
of the x, [2].
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Expected asymmetries @@

0.4 TTrTrrriI LI LI Trrrypr

18} J-w. Qiu, G. F. Sterman, :ﬁ;’ 43((3: Xe\' & | I P I I .
S— = b« N. Hammon, B. Ehrnsperger, A. Schaefer, -
PhyS. B378 (1992) 52-78. . production, J. Phys. GZE (1g998) 991-1001. -
16 - o
* —
' lz 4
to o
. pu—
@1 o
8 -
6} —
‘ i :
2} 00-1lllLlllilllllllllllll-

: 0 02 04 08 08

H8 07 L6 L5 N4 03 D2 D) X
Xy F
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o
Prompt photon asymmetries: accuracy (NI,CAj

Statistics: 3x107 prompt photons with p>4 GeV/c 107
for one year of data taking (107 s). It could keep
statistical uncertainty of Anx and AL asymmetries
measurement below 0.001 level.

i

m v from n°

] = vyfrommn

neutral hadrons
charged particles
double clusters

-t
Q

—
o
o
*
»
N
N

ag— qy
aq— gy

—
o
©
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Q
@
bl \HHHI‘ \IHHH| \HIIIH‘ I\IHHI| \\HHH‘ \\IHHI‘ T TTTI
r 4
L 4
L 4 .
i .
r 4
L +e
[ |

Main contribution to systematics comes from MC-

dependent subtraction of background from decay

photons, charged particles etc. The expected total
error does not exceed (1-2)x1072,

—
Q
N

—
o
)

T E704 Vs=19.4 GeV | | T .
0.41— 2 3 4 5 6 7
- p, [GeV/c]
02
. T Signal and different sources of background
o —\";-— —t : for prompt photon production
- Similar accuracy is expected for AL
02~ while the expected asymmetry is
i between +0.05
—0.4f— SPD data ?or Anand ALl at Vs~20 GeV
[ SPDexpected will be complementary to the expected
-1 -05 0 08 ! results from RHIC (Vs~200 GeV) and

SPD expectations, previous measurement at similar corresponds to the region of typically

: : At larger values of AG/G
28 Maiﬁlﬂ)%natlc range and theory predlgglmoipasr ifnoeréF'>\|-Protvino



L)
NICA

Charmonium production

Gluon fusion

Charmonia production is sensitive to gluon distributions of colliding hadrons.

‘éé& E ‘ééﬁ c

CS diasrams from Int | Mad Phvs AT10-3043-3070 19958

a8 [
102 T T 102 9 c ‘ééc
_~ ~~
Q qpl — 1 0
Cl C
4
= 100 - 100 = 107
- 3 S [ NRQCD ion at NLO
}10_1 ] 10-1 ¢ g N Q cross section at
. . b -~ I
rcura | (@) y1206eV . A\ - (b) 120 GeV \ 2T 2 10° . MRST2002
A I B N A _F
0.00 0.25 0.50 0.756 0.00 0.25 0.50 0.75 E‘_ i
Xp T 10 2
108 — T — = E::-
— 3 o) L
2 ] —]
Eha £ 10
1 S — E
F,é" 10 . “‘ . \\ \ é L Central value: Y = Pp =1.5 [,
. 100 AP -~ —
5 ‘ 5 1« o0 e Band : U, Ug €[ 14,, 44, ]
-Ult)*l | (a) ¥ 800 Gev | 'Ulo‘l B (a) BOD GeV \ 3 F> Hr 0> 2H,
| | ' N \, O PP P Singlet contribution only
0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75 -1 i /! |
10 L | | ! R |
Xp Xp 10 10”
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o
GPD through vector (NICA)
meson exclusive
production

Exclusive DY

p_|_p — p+p+VM p, dsigma(pb)

1

0% = 5 (GeV/c)
S,

2

p=p- P=p+3

Vector meson production
via photoproduction mechanism or odderon exchange.
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.
(NICA)
Asymmetries in high p; hadron production

T T
- 24 GeV CERN

o %o AR ; ‘Aeﬁ B
« Diquark properties; | h | é*\O
«  Confinement laws; | H ~~~~ e
«  Nature of the huge spin Al . ;’ j right
effects:; o?“n,?* F‘?‘Dﬁ’T
Deuteron spin structure; Ll L
*  Properties of the bare NA- | !
and NK-interactions; il L) LT
«  Nature and properties of B

the cold super dense INCLUSIVE PION ASYMMETRY IN PROTON-PROTON COLLISIONS

baryon IC matter (CSD B |\/|) C. Aidala SPIN 2008 Proceeding and CERN Courier June 2009
(pA and I\ \) ’ ZGS 12 GeV AGS 22 GeV FNAL 200 GeV RHIC s = 3900 GeV?
7 : 60 60 60 60
«  Dilepton production o PRD 65 52008 2002 BRAHMS
. . . “or o o 40 0’+ 4ar . B * 40 pRL 101, 042001 (2008)
puzzle in np-interaction. ! o | s nf e nf e
| S i 0f------- - — o----éé ----------- N T S—
< é o) o w
-20 F =20 F 20 F e 20 F o
40 -40 % -40 |- PLB 261,201 (1991)<I> 40 o<{>
e s 0| R D g pozesceateet) | b L
e 02 04 06 08 1 ™ 02 04 06 08 1 o 02 04 06 08 1 - 02 04 06 08 1
X; X; X; X;
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Unravelling Direct photons (AG)

the spin puzzle Inclusive 1, p, w
Exclusive J/{

‘TMDS Inclusive DY
Inclusive J/
|GPDs |
Exclusive DY
Exclusive t°, p, w
Twist2 and 3

DY, J/y with tensor polarized

collinear parton deuteron beam
distributions and /

correlators
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& SPD advantages:

e measurements with pp, pd and dd beams,
 possibility to perform energy scan with small steps,

e measurements via muon
and electron-positron pairs,
 operations with
non-polarized,

transverse and
longitudinally

polarized beams

and their combinations,
 possibility to extract all
first order PDFs In one
experiment.

HOME INSTITUTE, RHIC, RHIC, NICA,
EXPERIMENT STAR fsPHENIX SPD
Beams pp, PA, pHe? | pp pA, pHe® | pp,pd, dd, pHe3,

dHe?
Polarization 0.6 0.6 0.6-0.8
Luminosity, cm s 5-1032 (0.8-6)-1032 | 1032
Vs, GeV 160,200, 160,200, 10-26

500 500

X,, range 0.3-1.0 0.3-1.0 0.1-0.8
Q, GeV 1-10 1-10 0.5-6
Lepton pairs pHp- pHp- p+p-, ete-
Start of data taking >2020 >2021 2025
Measurements
Transversity yes yes yes
Boer-Mulders yes yes yes
Sivers yes yes yes
Predzelosity no yes yes
Worm-Gear yes no yes
Flavour separation yes yes yes
Exclusive DY yes no yes
Deuteron quadrupole structure no no yes

||||||||||



|
. . . NICA
Minimum biased events Cf3

PYTHIA 6, Vs, = 26 GeV,; 4 MHz event rate
* Average charged particle multiplicity = 7.8

ety
w102 10° HETY 10 s

""""" rrnrbe oy (GeVe)

* Average neutral particle multiplicity = 6.5

0, rad

Cross section (mb)

— 10°

102

10

104

0.8

o

0.6

10°
0.4

‘ufl‘\\\l\\\‘l\\‘ll\‘\l\‘\\l

02 102

from A. Guskov
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Local polarimetry @icH)

Asymmetry in inclusive production of charged particles

Single transverse spin asymmetry for very forward neutron production

0.1 o 9.1% systematic scale uncertainty not shown . O .
L 6.2;:)I(:ﬁ>zglizzdsi.agl?tf:‘:::?:aintl: not shown I n CIuS l ve p p % n X r eacno n
0.051-

= _F 0.05 . ' ' '
< ] e S - s e sa el ]
r r ys= e 1 T T T
. + . o I i

-0.05 % o ® Vs=200 GeV - I
E +$ [ X ® V=500 GeV ] 0.4 -
0.1 - 1 1 1 1 1 1 1 1 -0.05 L %* ] i
1 08-06-04-02 0 02 04 0608 1 [ & ] § @
x> < : % ]
0.1 ¥ . 0.2+ o ® - —
0.1 o 7.4% systematic scale uncertainty not shown [ i *
6.2% (x.>0) and 5.9% (x_<0) L + * ] (I i
L polarization scale uncertainties not shown r 1 = -4
0.05( -0.15+ > Theory - g
C [ ] b~4 | 3
L ] .qc O _’.-..l...
=
< [ | — 1: *I ............................ P, Y Y| S S T P ®
B 0 0.1 0.2 0.3 0.4 l_ o i)
-0.05 q; (GeV)
: () d - ]
. o (b) —0.2 -
208 | S T T T | [ IPIP TIP IPPEP PPN IPE ”"':G @
-1 -08-06-04-02 0 02 04 06 08 1 b o -
<X> m=x %
(a) -4} m™ =0 e
Figure 51: (a) The x5 dependence of Ay for neutron production in the (upper) ZDC trigger sample and 1 | i |
for the (lower) ZDC®BBC trigger sample. (b) Single transverse spin asymmetry Ay in the reaction
pp — nX, measured at \/s= 62, 200, 500 GeV measured at PHENIX. The asterisks show the result of 0 0.2 04086 0.8

the theoretical calculations [V0].

XF
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- close to 4m geometrical acceptance;

- high-precision (~50 um) and fast vertex detector;

- high-precision (~¥100 um) and fast tracker,

- good particle ID capabilities;

- efficient muon range system,

- good electromagnetic calorimeter,

- low material budget over the track paths,

- trigger and DAQ system able to cope with event rates at luminosity of 1032 (cm.s),
- modularity and easy access to the detector elements, that makes possible further

reconfiguration and upgrade of the facility.
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General view @@

Tor magnet

TR — RS Endcap

ECal Endcap

TR Endcap

Beam pipe

Sol magnet

Support frame
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Hybrid magnetic system (NICA)

Cas,

— 1 NbTi/Cu 33/33/33%

B (x,7,0)=0
2 stainless steel tube
3 - -
insulation epoxy
AW
Y’V g = layer, 0.3 mm
[ I |
| 4 copper shield
J. =40 :
T mm? s multilayer thermal shield
) A
J0Y = 80—,
mm . 6 outer cover,
S'=200x20mm", 1mm stailess steel

I.=J,.-§5=160Fk4,

40
IB..‘F =JB.\F -8 =n820 kA -
Z. = 1600 mm Z, =2800 mm
BMOD 1 !
I~ I
Bu=1.0T 028 — Jup =n80A/mm’ . T3, =180 Afmm’
1
T2 =0 A
024 ‘(5; fmm”, |
2 1
- TS = R0 A/ mm® i
0.2— (2) _ 2
| — Jpr =04/ mm”, : )
0<7<3000 ¢ = 0.16 —JE%LZOA/mmZ, ,/"J.//#
Q={(r.p.z): =0 : I ' 7 o
0< 2 <3400 P T
0.12 i !
| /// //_/ 1
| g —— Integral = 636.455
: 0.08 | Lo —— Integral = 469.525
— T — Integral = 384.218
1 0.04— 2 — Integral = 341.424
B - —— Integral = 298.62
0 D | | |
Bmin=0T™ 0.0 680.0 1360.0 2040.0
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Beam-beam interaction and t0 N{CA

counters

STAR Beam-Beam Counter Schematic
Front View

allr

|

s

T MCP plate

Version 4/16/01- 2
Updated 2/25/02

HYV feedthrough (DC, AC)

- e 370 il
e Y=
(a) 1 - 1
(b)

Figure 48: (a) The conceptual general layout of timing and multiplicity detector formed by 16 sectors
of MCP placed inside the independent thin wall Ti vacuum chambers around the beam line. (b) General
design of the MCP prototype detector embedded into a thin-wall (200 um) Ti lens-type chamber.
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o
Vertex detector / Inner tracker @1@

Silicon Vertex Detector
» Silicon vertex detector around the beam pipe;
Barel PS__ _ /w > Several layers of double sided silicon strips and MAPS;
' 5 » Optimized number of layers w.r.t. material budget;
» Goal: few tens of pm resolution for the vertex
I reconstruction — detection of particles with open charm
and rejection of (x) decay muons.

Endcap MAPS  /

3500 —-———-———{_Flecnnstmmed decay Iength e —
Barrel DSSD 2500; ; g j nE;.;:'nes 02972
Barrel MAPS i B ’ ; LBMS 03675
ot wes ) aweliAPS From A. Zinchenko, | Lok f e s
G i N \ L ﬁ» . = i ~ |Mean 0.008475
s -t MPD ITS with 1500f {1 (BMS 03312
; NS < 2 7777 E : 1 : =
n T~ \\\ . \\ ] f — J 8 3 1000F mesons
n i i iy o f\\ << \\\ \\ '; il o IR \ MAPS - Open = LI 3%% Background
3 et 1 O D = (i L O RIS Vs -
; LEESN - - T
= | p—— e o 1y ol e | T N R S
L ;:>_“‘;0;>_> _“->_-_-_~_A] . . : C arm reglstratlon 0.5 0 0.5 1 15 ) 2.5 3
|| E 600 iy Dec mm gth, cm
b= — SRS N
= 47 = \\ S Endcap DSSD o, 1GG: { Invariant mass: 0™ — K™x*Ug*t |
1270 N N = r : : :
1397 \ (1) 140_
Lt N\ Endcap MAPS = F : :
L] 8 120: Eglries 326
ol ~— = p 118.8
o 10(}: p1 1.869
= - H p2 0.01417
w r i 12.83
DSSD 195 m2 505_........ oo e e
40__ et f o AT S
[ L] .

?4 1.5 161718 1.9 2 21 222324
M., GeV/c?

inv?
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Radius: 980.000

w
( NICA;

(. 0 . 46000} » Minimum material on the particle tracks (X, ~ 0.1);
- - » Time (~ 100 ns) and spatial resolution (~100 um);

Wea=os] > EXpected particle rates (DAQ rates) ~ MHz;

» Technology developed also in JINR, production
workshops available

BARREL STRAW TRACKER

e £
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L
et

;A

13 Blocks 20 Blocks 22 Blocks 20 Blocks
~6500 modules
; Blocks 850
67160
= - 600
» Photon energy range 0.1 - 10 GeV;

A\

Due to space limitations the total length of the

ECAL module should be less than 50 cm;

> Required energy resolution <10.0%/<E (GeV) and
energy threshold below 100 MeV.

» Design ("shashlik™) similar of that for KOPIO

I H t G. S. Atoian, V. V. Issakov, O. V. Karavichev, T. L. Karavicheva, A. A. Poblaguev, M. E. Zeller,
Ca Orl me er; Development of Shashlyk calorimeter for KOPIO, Nucl. Instrum. Meth. A531 (2004) 467—480.

Figure 33: Two by two modules of the KOPIO sampling calorimeter assembled in the single block with H H H H
320 layers of lead and scintillator of 0.3 mm and 1.5 mm thick, respectively. > C ryStaI vari ant IS be In g consli d e red y too .
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W
Range system @I@

- gaps for MDT detectors

h

60 mm / Fe

/ Barrel/Fe: 60+15x30+60 mm (3 A i);
End Caps/Fe: 9x60 mm (2.8 A i);
Air gaps = 35 mm; L /barrel = 8000 mm;

W= 1224.5ton
SPD/NICA Range System Version : 09.2018

(3D model, vertical cross section)

L

30 mm / Fe

» It should provide good (>95%) muon
identification for momenta above 1 GeV.

» Combination of responses from the ECal and
RS could give additional lever for regecting of
pions and protons in a wide energy range.

» The RS also provides additional coordinate

measurement.
Our design will follow closely the design of the PANDA
experiment range system (at FAIR, GSI) being developed
now at the DLNP of JINR

‘ Barrel, 8 modules
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Event Examples (Run 829, P = 5 GeV/c) Event Examples (P = 5 GeV/c)

[N ] " e i] e lten l.l N J Do "J 508200 M & - ] 5 e - — ""l [rppeerpp— PR [ e wl DRDeIND
0820 WA D BEBNM NS XeD PYRETTPRSRe———————— | 5052000 148 30 () SSO520M S 0002 s seeens woy IS
[ P T g Wires ™ Sl Ll ™S Wires ™~ S [ P T Mg Wires Ll . e e Wies $lwr

- ' - ' 2 P ’
- 2 - ? - 2 -
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- ” ” - "

n o = S
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113 " " "
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-
-
-
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-
-
-
~

Run 951

Run 829

(a) (b)

Figure 43: Demonstration of PID abilities — (a) proton vs. muon, and (b) proton vs. neutron.
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DAQ

» The SPD DAQ may be developed a la upgraded DAQ of the
COMPASS experiment;

> Event rate ~3.0 MHz (at L=1032 cm=2s!, Vs=27 GeV);

» Rough preliminary estimation of the total data flux from the
detectors (Si tracker + straw tracker + PID + ECal + range
system): 10-20 GBytes/s (no detailed simulation results
available yet);

» Triggered or trigger-less DAQ: to be decided.
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Browser Eve

Eve | Files |

1V WindowManager
[V Viewers
1™ Scenes

3 [V SpdFair EventManager
= A K.som
4P+ @
®w(JMeO

+ (AW pi-0O

+-[_)V gamma O
#-JV KX O

4] proton @

# (JVpi0 @

+-[_] WV Triton

v v

Style
neutron [TEveTrack]

TEveElement
Show: ¥ Self ¥ Children

Marker

- e - 103
1

Line

] v‘] L d

i [v]

1

[ Draw Marker ¥ Draw Line
[T Smooth line

TEveTrack
Edit Propagator

28 Mar. 2019

Software and computing

Eve Main Window

Viewer 1 | RPhi View | RhoZ View | Multi View
~ | Hide Viewer 1

Command

Command (local): |

Seminar in IHEP-Protvino

-+Q

Actions

:
NICA
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Systems that have not been thought out yet...

» System for particle ID (multigap glass RPCs, Micromegas,

Aerogel Cherenkov?),

» "Zero degree" system (fine grained hadron

calorimeter?)

» Front-end electronics of the different subsystems;
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Beam test facility @icH)

'i,,
‘ //\
é’ _‘Zg.;

-=x§;=,r! TV

Techmcal area

- o
Experimental room

Experimental room

P MeV/c | d p.n | KT | K~ ui e
400 10° | 10° | 10° | 10° | 10” | 10° | 10°
300 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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INFN section of Turin and University of Turin;
Charles University, Prague;

Technical University, Prague

Tomsk State University;

Tomsk Polytechnic University;
Institute of Applied Physics of the Belarus Academy of Sciences;
Gomel State Technical University, Belarus;
Institute for High Energy Physics, Protvino;

Institute of Nuclear Physics of the Moscow State University;
Institute for Nuclear Research of the RAS, Troitsk;
Lebedev Physics Institute of the RAS, Moscow;
Institute for Theoretical and Experimental Physics, Moscow;
St. Petersburg Nuclear Physics Institute, Gatchina;
St. Petersburg State University;

St. Petersburg Polytechnic University;

Instituto Superior de Tecnologias y Ciencias Aplicadas (INSTEC), Havana University;
Warsaw University of Technology;

Samara National Research University
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NICA
(NICA)

Roadmap

» JINR project for the SPD design (Jan. 2019);
» Setting up of the collaboration, MoU (2019);

» Preparation of the Conceptual Design Report
(2019);

» Preparation of the Technical Design Report,
Including prototyping (2020-2022).

Construction of the detector would take at least three
years (2022-2025) and first measurements could be
expected as early as close to the end of 2025 ...
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(> :rfg

) International Workshop
‘\ “SPD at NICA-2019”
SR r’_ﬁ.ﬁ MROTOR i

Europe/Moscow
timezone

OVERVIEW

Organizing Committee
Scientific Program

Timetable

Registration
L. Registration Form

List of participants
Accomodation

Transport

You are welcome
moewsseresl 10 join the SPDINICA

Visa Application

=

the main goals of the workshop is Ih

B4 omatyukhina@jinr.ru I

T This Internationd p rOJ e Ct "

http://indico.jinr.ru/event/{ Web site: spd.jinr.ru.
Contact person: Roumen Tsenov

(tsenov@jinr.ru)

Contacts /doku.php?id=co
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A

| SPD/NICA will provide a unique opportunity

not available at other facilities

to study all of the PDFs in one experiment
and obtain comprehensive information

on the nucleon spin structure

28 Mar. 2019

at high statistical level
with minimal systematic uncertainties

"
NICA

Seminar in IHEP-Protvino
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Experiment CERN, FAIR, FNAL, SPAS- RHIC, RHIC, NICA,

COMP.-II PANDA E-906 CHARM  STAR PHENIX SPD
mode FixTar FixTar | FixTar FixTar collider collider collider
Beam#arget -, p anti-p,p | n-, p s, polp rp pp pp, pddd
Polarization: b/t 0; 08 0; 0 [0, 0 0; 0.5 0.5 0.5 0.9
Luminosity 2107 | 2107 3.510° 5107 510" 10™
s, GeV 19 6 16 8 200,500 | 200,500 | 10-26
X Itheam) TAnge 0.1-0.9 0.1-0.6 0.1-0.9 0.1-0.3 0.03-1.0 0.03-1.0 0.1-0.8
qn GeV 0.5-4.0 0.5-1.5 | 0.5-3.0 1.0 -10.0 1.0 -10.0 | 0.5-6.0
Lepton pairs, H-j+ M-+ H-ji+ -+ H-p+ p-p+, ete-
Data taking 2014 >2018 2013 >2016 >2016 >2018
Transversity NO NO NO YES YES YES
Boer-Mulders YES YES YES YES YES YES
Sivers YES YES YES YES YES YES
Pretzelosity YES (7) NO NO NO YES YES
Worm Gear YES (7) NO NO NO NO YES
I YES YES NO NO NO YES
Flavour separ. NO NO YES NO NO YES
Direct y NO NO NO YES YES YES

A
yeaf 20}
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Spin and 3D structure of hadrons ~ (VCA)

= Gluon Spin Gluon angular momensum

Spin puzzle: small contribution of quarks (may be fractional TR R e s
because of density matrix rather than wave function
description) to the proton spin

The deficit may be due to:
1.Gluon average spin AG, and
2.0rbital motion L related to transverse (completing 1 1

3D) structure of proton 5 = EAE +AG + ,Eq + -Z':g

All ingredients can be explored at SPD!

Main instrument: transverse spin asymmetries

The simplest transverse asymmetry : left-right;

Left

% < e more involved: azimuthal modulations

Right
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OMPASS
10 X0
0 I COMPASS 2015 NH, data © - COMPASS 2015 NH, data
S I 43 < M, /(GeVie?) < 8.5 z 5F 43 < M, /(GeVic?) < 8.5
E 3 N O 4 r
g | S
S S 3
z -
=
@] 1 F
- | |
0 1 2 3 4 5
q, (GeV/c)
SPD
[ 150001
15000} I
I 10000
10000/~ I
I 5000
5000~ i
-1 1 0 2 4 6 8
Xp q, (GeV/e)

. P ‘ / . - . 1
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o
Unpolarised Drell-Yan (NI.CAB

—Qoo(FU1 + F2)x{L+ A €os® O +5in 20, AT COS s +5IN° O AT COS 2004 }

ﬁ:A‘l“ ,u:AjOS(ﬂcs’ V:2A3052¢cs

Boer-Mulder Boer-Mulder

* “Naive” Drell-Yan model 00829 19 @ h

. AJ oc hl /4 P
Collinear (k= 0) LO pQCD no rad. processes ’ ’
A=1 u=v=0
* Intrinsic transverse motion + QCD effects ,[ ®p+dat800GeVvic ERRERRRRE
A#1 u#0, v#0, butl-4=2v (Lam-Tung) =+ W at 252 GeV/c ;
- Experimentally observed large v s L 4 T +Wat194 GeVic ]
and violation of the LT-relation I | 2

A#L u#0, v#0

06 -
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DY UA: NA10 vs SPD NICA

1.5} w NALO W target, Z. Phys. C 37 (1988) - P =06
e SPD Estimated Stat. Uncertainty -
1_ ________________________________________________ L e memmoo oo
<~ pr iyt A
0.5+ -
OF------meeee- - L SCPRE | TEPSLRES B [ ZECREEETPPROee :—--l.—-'---t ----- [ T e L EORETLRPPEN:
T R S S SR 6 7 8
q,(GeV/c) 0.3F 3
0.2 -
. 0.1_— -
I PEE B S S L —
—0.1F 3 y
70.2:—.‘ R R B ‘.‘.|‘.:—|..H|.H.|H..\....|..
- 2 - ! 5 4 5 6 7 8 )
0.4 i q,(GeV/c) M, (GeV/c?)
*
> 02+ L) -
-t e : 5
0_*""1"} """"" L e § j'H"'}"*} """ § e
T T A
q,(GeVic) M, (GeVIc?)
In 6 bins
SPD dA ~ 0.02 with (Ppeam 12) = 1.0 SPD dA ~ 0.008
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Resources dopma 29 @l@

NN HaumeHosaHue ctateii 3atpat TlonHas 2019 2020 2021
CTOUMOCTb
nn
1. Yckopurtensb, uacur 2100 - 700 1400
2. KoHcTpykr. 6ropo, Hopmo- 12250 4000 4000 4250
Jacer,
3. OnbiTHOe Np-80, HOPMO-4aCHI 12700 4700 4000 4000
4. Matepuansr, ThIC. AONN. 850 445 205 200
5. O6opynosaHue, TbIC. Aonn. 920 465 235 220
6. Onnara HAP, Teic. ponn. 280 105 105 70
7. KomaHa. pacxopst, TbIC. 285 95 95 95

aAonn., B T. u.

Q) B CTpaHLI He py6nésoi

30HLI 225 75 75 75
6) B cTpaHbI py6nesou 30HbLI 60 20 20 20

8. Tlo nportokonam o 120 30 40 50
coTpyAHU4ecTBe

Mtoro no npameIm pacxoaam,

2455 1140 680 635
TbIC. Aonn.
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w:
RO (NICA)
T Pecypcbl Mo noacnuctemam

JINR

Yckoput KB, yacekr OTT, Matepuansr, Obopya., HWP, NToro,

enb,4ackl yacbI k$ k$ k$ k$
Kanopumertp 800 800 25 25 20 70
MrooHHasa cuctema 1000 1000 135 135 10 280
NaeHTupukaumsa yactuu 1000 1000 15 15 40 70
MarHuT 2000 2000 15 15 100 130
Tpexep 1000 500 135 135 20 290
BeplmHHbBIN aeTekTop 1500 1500 250 250 500
Cuctema cbopa AAHHLIX 70 70
KomMnbrOTUHT 30 30
TecToBad 30Ha 1800 3500 4000 250 250 500
INokanbHas nonspumetpus 300 1100 1100 105 105 50 260
CTaHumMa meyeHus 350 800 20 20 40 80

2100 4. 122504. 127004. 850 k$ 920 k$ 280 k$ 2050 k$

UTOIO n3 6rogxeta nabopatopun: 2050 k$ + 285 k$ (MHTC) = 2335 k$
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JINR participation: (NICA)
112 authors, 37.7 FTE

Laboratory of High-Energy Physics

— authors: 74
— FTE: 244

Laboratory of Nuclear Problems

— authors: 30
— FTE: 11.3

Laboratory of Theoretical Physics

— authors: 6
— FTE: 2

Directorate (1), Laboratory of Information
Technologies (1)
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