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From the Synchrophasotron to the NICA collider N_,-ICAB

1957 1993 2019
Synchrophasotron Nuclotron NICA

10 GeV proton synchrotronkhe first superconducting R oRT Loty

- then the world leader in| gccelerator of heavy ions IRl SRR AL
>, energy based on

Dubna type

SC magnets [

il

Start up of the
high energy era

A.M. Baldin
— pioneer
of relativistic

V.l.Veksler — discovery of
the Phase Stability Principle

Study of nuclear matter
under extreme

st = B conditions
PR W Rl 1 : _‘ and spin physics

SR AR "ﬂ‘( Gl |
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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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Structure and Operation Regimes @CAS
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/ ‘ TN ____l_nfc__;____f':_sources :
l \ —————
I storage of \
l (2 +4) x 10 ions, ll PR _ - :
\ acceleration / - 7’ -
\_upto 600 MeV/u /s : L Fixed Target Area
. : - - —
L A So - - g / ->
v Stripping (80%) 197Ausl* => 197A 79+ REsssssssssssssEEEEEEEEEEEEEEEEEsssssEEEEEEEEs .
‘ - T T~
.- «<
e \
/ Nuclotron (45 Tm) 1P-2
/ ' o s/ T T T T TN
! \
injection bunch | / Two SC collider rings A\
~ 9 ; I
21 X IQ tons ! [ ~ 2 x 22 injection cycles "
\ acceleration up to \ 22 bunches per ring /1
. 1-4.5GeV/u \ 7/
’ s
\ P [y VI — N ——
~ ~ P
S — - IP'].
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existing facilities to be constructed

h ,ﬁ*RléN-6T+ HiLac (3Mey/u),,
N hall for f.en *,

O

NUCLOTRON
0.6-4.5 GeV/u
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Civil construction, bld.17

MPD-Hall
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02 Sept. 2019

Major milestones CNIC

2018 — start of BM@N experiment (min. configuration)

2018 —2019 — Booster commissioning

2019 — readiness of MPD Hall
2019 — MPD magnet commissioning
2020  — completion of civil construction (build. 17)

2020  — MPD commissioning (Stage )
2020 —2021 - Collider commissioning

2020 — completion of “NICA Center” construction
2021 — commissioning of Computer center
2023  — MPD commissioning (Stage II) V. Kekelidze, SC-124

September 20, 2018
2025 — SPD commissioning (Stage 1)

DSPIN-19 (JINR, Dubna)



Time-schedule
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S. Kostromin, PAC June 2019 NICA

2019
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2021

Booster injection system

Booster

Booster fast extraction system
Booster-Muclotron transfer channel

Nuclotron injection form Booster system

.magnefs assemhbly and testing
works (contracted works) in progress

I:Itechncrlog'lcal run

.comissioningwith the beam

Nuclotron

Muclotron fast extraction system

Nuclotron-Collider transfer system

Criogenic infrastructure

Collider

East arc

West arc

North-straight section (MPD)
South-straight section (SPD)

Bld. 17 + infrastr

East arc

West arc

North-straight section (MPD)
South-straight section (SPD)

02 Sept. 2019

- Jan

2022

*-ready for equipment mounting
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Nuclear collisions and the QGP expansion

collision evolution particle
expansion and cooling detectors

kinetic
freeze-out

lumpy initial hadronization il distributions and
5/ ‘ correlations of

energy density Lo\ produced particles

T

‘ A’ QGP phase

quark and gluon
degrees of freedom

-

T

3
\
3
\
~
4
-
"5
b

4 S

collision & R
overlap zone fluctuations

-

Development in time, 1 fm /¢ = 3.3 x102* sec
T~ 0 fm/c %~1 fm/c v ~ 10 fm/c
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pe i ),

& Farly Universe

£ Future LHC Experiments

l

The Phases of QCD

Temperature

FAIR & NICA

Quark-Gluon Plasma

Critical Point

Hadron Gas

Nuclear

Matter Neutron Stars

900 MeV

Baryon Chemical Potential

02 Sept. 2019

Temperature T [MeV]

100

/<\Q

Nuclei
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RHIC-BES
_ Critical

No=0.16 fm—3
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)
Physics at NICA @ICA)

Quark-gluon matter at NICA :
= Highest net baryon density

= Energy range covers onset of Freeze-out conditions
deconfinement 200 ' Etee2: collider]
[ P e RHIC ]
~ [ @ o P 0 N E: FT 1
= Complementary to the RHIC/BES, > ettt o® Sos -
FAIR and CERN experimental = 150 40 -
~ — S=0& Q/B=0.4 g’
programs :
o = RHIC o 15
S - 2+2- _~ 10 .
= 100} ¢ FAR o FAIR, NICA -
o | — & ‘
o [ : ]
c [ Hadronic freeze-out ]
O 50t ]
H B J. Randrup & J. Cleymans 4
- [Phys. Rev. C74 (2006) 047901]
= Bulk properties, EOS - patrticle yields AN B N I I
0.00 0.04 0.08 0.12 0.16

& spectra, ratios, femtoscopy, flow _ 3
_ - _ Net baryon density pg (fm )
= [In-Medium modification of hadron properties

= Deconfinement (chiral), phase transition at high pg - enhanced strangeness production
= QCD Critical Point - event-by-event fluctuations & correlations

= Strangeness in nuclear matter - hypernuclei
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Present and future HI experiments (NI,CA5
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Collisions of polarized particles

Long tradition at the Synchrophasotron and Nuclotron

Polarization data has often been the grave-

vard for fashionable theories. If theorists had
their way they might well ban such measure-
ments altogether out of self-protection.

J.D. Bjorken, 1987
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NICA Collider Luminosity in pp Collisions

—
100 =100
— Lsr El /
Luminosity Cmememe
- !
L(E) | - it
in 103%nits |7 !
0.1p o1
0.01 ! 0.01
3 s 7 ) 11 13
E
Proton energy E in GeV
circumference - 503 m,

Polarized beams

per bunch in 1011
maximum proton number

Lpeak ~
1.8°1032 cm-2's-1

== N, E]

particle number

units

in each ring - 2.2e10%3

A bunch crossing each 80 ns;
crossing rate 12.5 MHz .

number of intersection points (IP) - 2, -

beta function S, in the IP -0.35 m, Polarized beams

number of protons per bunch -~1-10"%, | " pTpTat Vs,, = 12 - 27 GeV,
number of bunches -22. L, ® 1032 cm=s!

RMS bunch length -05m, |=dTdT atVsyy = 4-13 GeV
incoherent tune shift, Azussern -0.027, |* flongitudinal and transverse
beam-beam parameter, & - 0.067, polarization at SPD and MPD
beam emittance &, , tmm mrad -0.15 (nc

02 Sept. 2019
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Physics tasks

» Nucleon spin structure studies

» 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+ In interaction of vector and tensor (d)
polarized beams;

» Multiquark states and correlations

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 15



Spin dependent PDFs (NICA)
Wigner distributions \

Foon ¥ | _Transverse momentum
( ; L"[‘ I)’[‘) TMD kr

Irapsverse

/ . GPD
Longltudlnaannwnium partons
|

5-D correlations

A ,\[\/"'
/’/@’\“ txs. Q%)

from A. Bacchetta, 2014

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

—=—A2 + AG + L, |
9 9 q+9 Generalized Parton Distributions : GPD (x,b,):
probe the transverse parton distance dependence

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 16



Nucleon structure and PDFs @IcH)

U L T
Nucleon PDFs describe different properties:
, | @ ®-@ ,
e soersmuaes | | 3 PDFs are neeﬁed to describe nucleon
.| 7= | Structurein collinear approximation
] e
L (})_ =) Cw)_(() 8 PDFs are needed if we want to take
T @-( ,) o b tr?nsver;ty into account intrinsic transverse
S e | @-@@) momentum k; of quarks
pretzelosity

Ispin of the nucleon f spin of the quark / k+t

f, -- density of partons in non-polarized nucleon;

g, -- helicity, longitudinal polarization of quarks in longitudinally polarized nucleon;

h. -- Boer-Mulders, transversely polarized quarks in non-polarized nucleon;

-+ - Sivers, correlation between the transverse polarization of the nucleon (transverse spin)
and the transverse momentum of non-polarized quarks; etc...

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 17



= Inclusive and exclusive Drell-Yan pair production;

o ———r OO0

= Nucleon PDFs by J/y production;

LO cc production diagram:

[
q © c
= [«
q o

02 Sept. 2019 DSPIN-19 (JINR, Dubna)
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Physical probes @NICA
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'S':z; A quark-antiquark pair creates a
% lepton (e/t) pair trough a virtual
photon
\
Nucleon 7
, OCPDFnucH@PDFnucH
A\ /"

Dimuon spectrum from NA51 (/s = 29.1 GeV)

''''''''

T T
105 = Background

Nucleon

dN/dM,,,. Events/(0.1 * GeV/c?)
o o
o IN

o]
N

We can use this “virtual photon

10

microscope” to look into nucleons FOVASURUU W NS : |
and obtain access to PDFs. Mass,... (Gov /<)

............
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Asymmetries in DY pair production (N'I‘CAs

Q* =4 GeV? Q? = 15 GeV?

sin(p — _QT
A My

0.12}
0.10F _
0.08
0.06
0.04
0.02

Sivers

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

=49 IT_ qsne o9 AT
0 _

—0.02
—0.04 -
—0.06 -
—0.08 -
—0.10 [
—0.12

—0.14 || [ R N N TR B

—08_g 04,00, 04608 —08 (60407 09204608

_ X, — X
Xp—=Xp s » ~ *p

Boer-Mulders

A

s= 400 GeV?
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Kinematical ranges and statistics (NICA)

PRL 119 (2017) 112002

COMPASS-2015 data « (xz) =033
* 4.3GeV/c*< M, <85 GeV/c? « (gr) = 1.2 GeV/c
* qr > 04GeV/c « (M,,) =53 GeV/c?
 (f)=0.18
* (Prarget) = 0.73
NDY= 35 X 103
* t= 1.08864 x 107s (18 weeks, 126 days)
SPD « (xp)=0.0
* 4.0 GeV/c?< My, < 9.0 GeV/c? * (qr) =24 GeV/c
(Pbeam 1,2) ~ 0.6 ’ (Mﬂﬂ> = 4.8 GeV/CZ
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
dA = . X .
Pp1Py2 /N

02 Sent. 2019 DSPIN-19 (JINR, Dubna) M.
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counts / 0.05
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15000

10000

5000

COMPASS 2015 NH, data
43 <M, /(GeV/c?) < 8.5

Xp

counts / (0.20 GeV/c)

x10°’
- COMPASS 2015 NH, data
5F 4.3 < M, /(GeV/e?) < 8.5
4
3
2
LF
- | |
0 1 2 3 4 5
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15000~
10000;
5000;

8
q, (GeV/e)
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w
Unpolarised Drell-Yan C.NICA}

—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 C0S200s 1q 1q
; oC
Collinear (ky=0) LO pQCD no rad. processes AU hlfr ®n,
A=1 u=v=0

- e p+dat800GevVic _
» Intrinsic transverse motion + QCD effects - = T+ W at 252 GeV/c

A T +Wat194 GeV/c
A#1 u#0, v#0, butl-A=2v (Lam-Tung) o8 "7 -
» Experimentally observed largev ' ]
and violation of the LT-relation

|

0.6 - ]

A#L u#0, v#0

C2 Sepr. 2919 DSPIN-19 (JINR, Dubna) 23



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_* -
- 0.12— _
I PEE B S S L —
—0.1F 3 ¥
70.2:—.‘ R R B ‘.‘.|‘.:—|..H|.H.|H..\....|..
- 2 - ! 5 4 5 6 7 8 )
0.4 i q,(GeV/c) M, (GeV/c?)
. I
> 02+ L) -
] L] - . ¥
R T T e S § I S e 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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 Prompt direct) photon production  (\{"

Gluon Compton || Quark-antiquark
scattering annihilation

The gluon Compton scattering
mechanism dominates...

q ¥ q Y

q9—qy 85%
q gqbar—g Yy 15%

.50 we canh obtain access to the
contribution of gluon to spin of the
nucleon.
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Prompt photons NICA

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

Transverse beam polarization: access to the Sivers function for gluons

| 1 - . T,T
t_ o 2 2 alh | r
ol —ov = ;me (i:t:u/d ki.d kﬂi’u ~(pr//5) & [g: (0, k7o A NG (4, K3)

do de
di (¢:G — q:v) + G(x o, kro) Angi (zp, k7p) E(G% —r qz"]’)]

X

Longitudinal beam polarization: access to gluon polarization Ag/g

g(ml) _ Zq 63 [Aq(:E?) + Aq(i‘?)] + (1 —3 2)

AL * (o 5 e [a(@2) + 4(@2))
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e .-W. Qiu, G. F. Sterman,

2 .

N. Hammon, B. Ehrnsperger, A. Schaefer, ‘
Phys. B378 (1992) 52-78. = 4GeV 0.4 _' ' Iproduction,]. Phys. Gzﬂ(1g998)991—1001.' T I v ',
18 — g = 30 GeV & ’ . ’ o
— -
l‘ - -
" 03 — -
= S — -
¥ X ;
u' — —
Eu A 02 r
§ i d
- .
5 01 .

L

| :
2t 0.0 Wt lllLIllillllllllllJ'll-
ol — 0 02 04 06 08
08 07 L6 H5 L4 03 02 ) X
Xp F
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J/v

,y] approaches to J/y production.

Charmonium (J/y) production (NfCAS

Applicability of the method is limited due
the lack of understanding J/y production
mechanism.

Proton-proton collisions at SPD provide ideal
opportunity for verification of theoretical

Quark annihilation

q
O .
O q ;
e}
2 Gunfs
Studying of J/W production gives us on Tusion
access to the gluon PDFs. .'%,3 )

02 Sept. 2019
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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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E I . D Y
XC u S I Ve S.Goloskokov, P.Kroll and O.Teryaev in progress.

Cross section is integrated over s; and s, was calculated at NICA energies
Preliminary result for cross section of pp — pp (™[~ process at NICA energies

sigma(pb)

Preliminary results for
cross section of exclu-
sive Drell-Yan process
over t; and to at NICA
energies. (]QQ((IIZI(HQ -1
pb/GeV®. Estimations
show that such contri-
bution might be visible.

Both final protons

should be detected

Integrated over ¢, and t, cross section do /dQ> ~ 5.5 pb/GeV? at Q? = 5Ge V>
(NICA energies)

30



GPD through vector meson exclusive C.NfCA}
production

p_|_p — p+p+VM p, dsigma(pb)

1

0% = 5 (GeV/c)
S,

2

p=p-— pP=p+%

Vector meson production
via photoproduction mechanism or odderon exchange.

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 31



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

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 32



o
Minimum biased events (NI,CA3

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

——
w102 10° HETY 10 s

""""" rrnrbe oy (GeVe)

* Average neutral particle multiplicity = 6.5

0, rad

Cross section (mb)

104

0.8

o

0.6
10°

‘F'F\l\\\‘l\\‘II\‘\I\‘\\I

0.4

02 ] 102

from A. Guskov
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CCCCCCCCC

6000

- 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.

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 34



|
General view (NICA)

VD Tor magnet RS Endcap

TR

PID

ECal ECal Endcap

PID Endcap

 Length: 9.2 m;
 Diameter: 6.8 m;
e Mass: 1800 t;

 Consists of three
modules;

Sol magnet

- [Easy way to rearrange.

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 35
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6800

6800

02 Sept. 2019

w
NICA

A-A
3420 2360 3420
Endcap part Central part Endcap part
_
[
1
|
1 =4
&
| o
: &
| \ 8
: =
q =)
&
= )|
o, § o
39| S
g | &
=)
1960 200
3200 200
5200 200
5640 360
6400 600
8000 600
9200
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Hybrid magnetic system (NICA)

— 1 NbTi/Cu 33/33/33%

Cas,

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, ]
Iy, =J,,-5=n820 kA.
—3000
Z. = 1600 mm Z, =2800 mm
BMOD 1 !
I~ I
Bux=1.0T 0281 — Jop =1B0A/mm" . JU =080 Afmm’ .
1
T2 =0 A
024 ‘(5; / N |
1
- TS = R0 A/ mm® i
02— 2 2
TS =ml0A/mm’, | )
0523000 : — 0.18~ —Jop =0.4/mm”, o
Q={(r.p.z): =0 . + 7 [
0<:<3400 /;/ g — —
0.12 T i
| /// //_/ 1
| ot —— Intagral = 636.455
: 0.08 | Tz —— Integral = 469.525
— T — Integral = 384.218
1 04— I — Integral = 341.424
- - —— Integral = 298.62
0 D | | |
Bmin=0T™ 0.0 680.0 1360.0 2040.0
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Vertex detector (Inner tracker) (NT.CAj

Endcap DSSD
Barrel MAPS -

Charged particle creates
electron/hole pairs, which
migrates to electrodes
creating signal in the nearest

\
WA\
N\

N\

\ Barrel DSSD

Endcap MAPS stri ps
» Silicon vertex detector around the beam )\ /\ )\
pipe; L |
» Several layers of double sided silicon :ﬁ - ‘\
strips and MAPS; e i
(A nSi
* Optimized number of layers w.r.t. gg'?
material budget; e i
» Goal: few tens of ym resolution for the / b

vertex reconstruction.
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* Six particles from the vertex
« \ertex detector with 5 layers

* Silicon resolution: 50 mkm
(blue) and 25 mkm (red)

E120——-| ‘Vertexr resolutjon toward Z axis }:
E [ | |
g L
%100 :
60—
ol
B ‘ 1 I 1 1 1 | 1 1 1 1 | 11 1 1 11
0 1 2 3 4 5
P [GeV]
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Central tracker (NICA)

*  Minimum material on the particle tracks (X, ~ 0.1); + HV
_ _ _ anode wire /

* Time (~ 100 ns) and spatial resolution (~100 pym);

* Expected particle rates (DAQ rates) ~ MHz;

« Technology developed also in JINR, production
workshops available

BARREL STRAW TRACKER

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 40



Momentum resolution (SPD MC)

Momentum resolution

Hybrid magnetic system

7 :— — 1 GeV, (8 coils, pseudo-solenoid) —:
- -5 1 GeV, (6 coils model) .
s — 1 GeV, (hybrid, 2B) B
- —=— 1 GeV, (const B = 12.5 kG) 7
sk -
S =
2 C ]
o - ]
S of -
of =
3 \\9\‘*\19—9_%\‘ ~—=s | Vertex Det.: 5 silicon layers
e 1| of 300 pm thickness each;
0 10 20 30 40 50 60 70 80 90
Momentum resolution (at 8 = 60°%) Barrel TS: 8 straw-tube
22 E_ —a straw+silicon (6 coils model) _E Iayers’ tWO planes Of
2 —= straw+silicon (6 coils, pseudo-solenoid) ] H H
1 3:_ —— straw+silicon (hybrid 2B) = 1 cm tthkneSS In eaCh
i = —&— straw+silicon (const B = 12.5 kG) ]
1.6 :_ _: 400 | 4000
rab E ¥
E‘I 2 - -
e “F E :
% 1 ;— _; o
0.8 =
0.6 - ]
- o ———" 3 »
0.4 9\9\ = ]
0.2 = 3 i
F | | , , | o Pseudo-solenoidal
00 1 2 3 4 5 5]
Momentum [GeV] or 3«3
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UL

. . )
Electromagnetic calorimeter (NICE_B

ABSORBER

Photon energy range 0.1 - 10 GeV; o
Due to space limitations the total length of the 'ﬁ,ﬂ?‘
ECAL module should be less than 50 cm; - M
FAVAVAY o

Required energy resolution <10.0%/VE (GeV) e\ e
and energy threshold below 100 MeV; %&%&
Design ("shashlik") similar of that for KOPIO B e}* P
ECal

13 Blocks 20 Blocks 22 Blocks 20 Blocks metall
Ty, [T ] T

\/ G BE= o

P /‘f = =

y / \'\ % % N e —
Z 1/\ ,;\ | ; )i =
AT TP e LT [ITE [T [T

About 6500 modules Shashlik
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Range system (ﬁ’fc A)
@

35 mm - gaps for MDT detectors

\%: PID pictures of Muon System

(single point equals one hit wire — 1x1 cm2; beam momentum — 5 GeV/c)

L

19 x30 mm / Fe muonic sample -> ‘straight’ line hadronic sample -> shower

By | 20 Mex [xa [Sa] EExEUEC Pev | 1713 New n3 ] »®aviEs
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‘ Barrel, 8 modules S el 2 ~

now at the DLNP of JINR
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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=103%2 cm2s-!, 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 |
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Software and computing

Eve Main Window

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

Command

Command (local): |
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Actions
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& SPD advantages:

e measurements via muon

 operations with
non-polarized,

transverse and
longitudinally

polarized beams

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

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

and electron-positron pairs,

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

OL A TATRr =\~ ey
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.
Collaborating institutions — 25 so far (NICAS

v" National Science Laboratory, Armenia

v Institute of Applied Physics of the Belarus Academy of Sciences;

»  Gomel State Technical University, Belarus;

. Institute for Nuclear Problems of BSU — Minsk;

. Chilean cluster of universities, Chile

. Tsinghua University, Tsinghua, China

. Instituto Superior de Tecnologias y Ciencias Aplicadas (INsTEC), Havana University;
Charles University, Prague;

RSN

Technical University, Prague

INFN section of Turin and University of Turin;

CEA, Saclay, France;
Warsaw University of Technology;

<X

Tomsk State University;

Tomsk Polytechnic University;
Lebedev Physics Institute of the RAS, Moscow;
Institute for High Energy Physics, Protvino;

N X

Institute of Nuclear Physics of the Moscow State University;

Institute for Nuclear Research of the RAS, Troitsk;

v Institute for Theoretical and Experimental Physics, Moscow;
. St. Petersburg Nuclear Physics Institute, Gatchina;

+  St. Petersburg State University;

. St. Petersburg Polytechnic University;

Samara National Research University;

Belgorod National Research University;

. Kharkov National University, Kiev, Ukraine
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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 arXiv: 1408.3959
developed; —.»
requirements to NICA polarized beams were B~ 3

fo rmu I a‘ted ’ Nec sine te, 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,

about the physics potential and program of the

O.Yu. Shevchenko, |A.P. Nagajcev, A.V. Guskov, V.V. Kukhtin, N.D. Topilin.

(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:

02 Sept. 2019

NICA-SPIN-2013, Ty6na, 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 From Lol to CDR (Conceptual Design Report)
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Roadmap

» JINR project for the SPD design (Jan. 2019);

Conceptual and technical design of the Spin Physics Detector (SPD) at the NICA collider

» Setting up of the collaboration, MoU (2020);
» 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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A NI
~INg 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

at high statistical level

with minimal systematic uncertainties

You are welcome
to join the SPD/NICA

project!
Web site: spd.jinr.ru.
Contact person: Roumen Tsenov
(tsenov@jinr.ru)
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Early Universe
Future LHC Experiments

The Phases of QCD

Temperature
il — 11111

Critical Point

—
Hadron Gas CD'E"'
Superconductor

Nuclear /

Vacuum
/ Malftter - Neutron Sfars—r
0 MeV - | 1

0 MeV 900 MeV
Baryon Chemical Potential

baryonic density p/p,
1 0,=0,16fm~
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eh

MUB =
nuclear magneton: 2Me

eh tp = 2.79uN

for the electron:

KN =
2mp pn = —1.91uy

— _9#]33
11y = 0.864y, - >
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o
. ( NICA;
Nucleon spin structure

Before 1988

—AY
2 2.4

The quark model says:
the nucleon spin is carried only
by quarks.

Magnetic moment Computed Observed
Baryon
of quark model (uN) (uN)
p 4/3 uy = 1/3 ug 2.79 2.793
n 4/3 pg — 113 pyy -1.86 -1.913
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Experiment: (EMC, Nucl. Phys. B 328 (1989) 1)

quarks

1 1
ZZ—ZAY
2 2

PROBLEM: According to the
experimental data, only 30%
of the nucleon spin is carried
by quarks. Where does the
rest of the spin come from?

02 Sept. 2019 DSPIN-19 (JINR, Dubna) 55



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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o
Prompt photon asymmetries: accuracy (NICAS

Statistics: 3x107 prompt photons with p;>4 GeV/c for one  1°”
year of data taking (107 s). It could keep statistical

i

m yfromn°
v from n

Q
T \IHHI‘_L T TTTIT
L
| ]
[ ]

H H neutral hadrons
uncertainty of An and ALL asymmetries measurement . " + charged particles
below 0.001 level. 1070 - + double clusters
E . = qg— qy
C - Y qg— gy

Main contribution to systematics comes from MC-dependent 10°
subtraction of background from decay photons, charged

: 10PL i :
particles etc. The expected total error does not exceed (1- T—T\T\

2)"10_2. 107;— M -
105“;
Z [ -
t » E704 E=1 9-4 Gev i | | | | ‘ | | | | ‘ | | | | | | | | | | | | | | ¥ | |
0.4— 1 2 3 4 5 6 7
= P, [GeV/c]
: Signal and different sources of background for
0.2 4 / prompt photon production
: —\-_.___ .
o ¢ ¢ —————§———
02| Similar accuracy is expected for A.L while the
: expected asymmetry is between *0.05
_{14__
- SPD expected SPD data for Ay and ArL at Vs~20 GeV will be
Y-S Y- S— complementary to the expected results from
SPD expectations, previous measurement at similar RHIC (\/SNZOP GeV) and corresponds to the
kinematic range and theory predictions for An region of typically larger values of AG/G
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W
(NICA;
O. Teryaev, SPD meeting
29 April 2019

i Problems for NICA

= SPD Lol: TMDs@DY
= TMDs - J/W, y

s GPDs: Exlusive DY-type (smaller x-section but
lower background)

s GPDs from TMDs (pressure?!)
s Fracture — SSAs with extra hadrons

= Relation of HIC/hadronic spin (MPD/SPD) —
nolarization for hadrons, light and heavy ions
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02 Sept.

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
Beamftarget -, p anti-p,p | n-, p s, pol.p pp pp pp, pddd
Polarization: b/t 0; 0.8 0; 0 |0; 0 0; 0.5 0.5 0.5 0.9
Luminosity 2107 | 2107 3.510° 5107 510" 10™
Vs, 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
qr, 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
Iy YES YES NO NO NO YES
Flavour separ. NO NO YES NO NO YES
Direct y NO NO NO YES YES YES

A
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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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COMPASS data, pion beam D
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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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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)
g
“ /Py

7777 | wnw '

7 171|__Technical area

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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