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NICA (Nuclotron based lon Colider fAcility)
—the flagship project in HEP
of Joint Institute for Nuclear Research (JINR)

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

- Investigation of nucleon spin structure,
polarization phenomena

- development of accelerator facility
for HEP @ JINR providing
Intensive beams of relativistic ions from p to Au

polarized protons and deuterons
with max energy up to
VS\w= 11 GeV (Au’®*) and =27 GeV (p)
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Synchrotron Nuclotron is one
of the two SC machines operating in Europe

It is based on the superconducting fast cycling magnets
- technolog developed in Dubna
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NICA complex
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NICA complex existing facility NICA
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NICA complex existing facility NICA

to be constructed
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NICA complex existing facility
to be constructed
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NICA complex existing facility
to be constructed

BM@N

KRION-6T area of fixed
HiLac (3MeV/u) target
Y/ experiments
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NICA complex existing facility (NiC@
@

to be constructed

KRION-6T area of fixed
"7 PS & LU-20 BM@N
: r
| ‘ (5MeV/u) HILac (B3MeV/u) ta .get
experiments

2

Booster
N (600 MeV/u)

contract for civil constructlon
has been signhed with STRABAG
In 2015;

the works have started

NUCLOTRON S =
0.6-4.5 Gev/u B
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NICA collider major parameters

Ring circumference, m 503.04
heavy ions
Sm 0.35
energy range for Au’®*: Sy, GeV 4-11
r.m.s. Ap/p, 107 1.6
Luminosity for Au’®*, cm? s* 1x10°’
polarized particles

max. energy for polarized p. Gev 27
Luminosity for p, cm™@ s™ 1x10°
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Status of the accelerator complex
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@
Krion-6T (Electron String lon Source) (NICA)

Project parameters: magnetic filed up to 6.0 T, electron energy up to 15 keV

« B=5.4T reached in a robust regime;
e produced beams: Au30*+ Au3?*, 6-108 ppp, repetition rate 50Hz
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Source for polarized particles (SPP)

J
|

Source has been assembled; now it is commissioned to achieve
1019 polarized deuterons pp; the first beam run is foreseen in beg of 2016
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RF system assembled
in new hall (world unique)

Design & fabrication
by “BEVATECH OHG”
Germany,

Commissioning
in 2015
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The Booster

Booster synchrotron: C=211m,
25 T*m, 600 MeV/u for Au3t*
uItra hlgh vacuum, electron coollng
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SC Magnets for Booster, Collider & SIS-100/FAIR
workshop at VBLHEP JINR (Jomt project BMBF-JINR)

¢
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Physics objectives
In heavy 1on collisions
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QCD matter at NICA

e L ELUEEEREE = Highest net baryon density

J e ra—— SEEI = Energy range covers onset of deconfinement
= Complementary to the RHIC/BES, FAIR

and CERN experimental programs

l Early Universe

Temperature

Quark-Gluon Plasma .
Freeze-out conditions

| —_—
2\,;:?- FAIR & NICA 200 E1+E2: collider ]
TSIOfb'er > i ’\QQ 0 0 N 4 RHIC 1
% gy < | o 97 P IELI E: FT 1
Critical Point [0) ._E_E’_D_D—‘D‘\chhx 2 6\{_ \,35‘,0 S
Hadron G ~ = 150 B, 40 -
adron as Superconductor b~ — S=0& Q/B=0.4 %30
!::::g.r Neutron Stars 9 u RHIC 15 ’

: i 2+2 10 -
900 MeV E 100 — L FAIR FAIR, NlCA =
Baryon Chemical Potential E]-) i ~ 5 1
= Bulk properties, EOS - particle yields g Hadronic freeze-out ]
& spectra, ratios, femtoscopy, flow; 2 sof . i & J. Cleymans .

= In-Medium modification of H properties ; [Phys. Rev. G74 (2006) 047901]

L L X | L 1 L 1 1 L L | ' L L ]
= Deconfinement (chiral), phase transition 0.00 0.04 0.08 0.12 0.16

Net baryon densit (fm's)
at high pg - enhanced strangeness production; i Y Pe

= QCD Ciitical Point - event-by-event fluctuations & correlations;
= Strangeness in nuclear matter - hypernuclei
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Experimental modes

fixed target

coverage of max. phase space e rate is limited just
minimum biased acceptance by detector capability

free of target parasitic effects e easy upgradable

disadvantages:

e rate is limited by luminosity * alimited phase space
e limited combinations  momentum dependent |
“beam”/"target” corrections
o« e targetinfluenced
corrections

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 19



Present and future HI collider experiments
10 ' el e

.............................................................................................................................................................................................

ke
<,
[T IIIIII|

.............................................................................................................................................................................................

S,
[T IIIIII|

____________________________ b IGAMPD e

STARBES Il

—
o
Cad
1 IIIIII|

.........................................................................................................................................................................................

Interaction rate [Hz]
2
| IIIIIII|

. —
o <
I 1 |||||||

efnergfy refgici)n ofmax
,_baryonie pepsity |

10
Collision energy VS  [GeV]

d
i

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow



Pr

esent HI FT. experiments
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Present and future HI F.T. experiments
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Present and future HIl experiments/machines

NICA/MPD will provide most precise results

exploring the whole phase space region
In the most mterestlng energy range
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Both, collider and fixed target approaches,
are complementary and necessary
for approval of potential discovery

In this view the NICA and FAIR projects are complementary
and their joined efforts have aimed to
discovering and to studying new forms of baryonic matter

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 24



Physics objectives
In spin physics

October 6, 2015

V.Kekelidze, CREMLIN, KI, Moscow

25



Spin Physics

Nucleon spin structure studies
using the Drell-Yan mechanism (new PDFs)

« 8 intrinsic-transverse-momentum dependent PDFs at leading twist

e azimuthal asymmetries with different angular modulations
In the hadron and spin azimuthal angles, @, and @,

Direct photons production (gluon polarization)

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 26



Experiments to study nucleon spin structure

_ CERN, FAIR, FNAL, RHIC, RHIC- NICA,

experiment | COMPASS-II | PANDA E-906 STAR PHENIX |[SPD
mode F.T. F.T. F.T. collider collider collider
Beam/target m, p anti-p,p |m-, p pp pp pp, pd,dd
Polarization:b/t |O; 0.8 0; O |0; O 0.5 0.5 0.7
Luminosity 2-1033 2-103? 3.5-10% | 5.10% 5.10%2 1032
Vs , GeV 14 6 16 200, 500 |200,500 |10-26
X1(beam) Fange |0.1-0.9 0.1-0.6 0.1-0.5 0.03-1.0 0.03-1.0 |0.1-0.8
g, GeV 0.5-4.0 05-15 |05-3.0 |1.0-10.0 1.0-10.0 [0.5-6.0
Lepton pairs, | p-p+ M-+ M-t M-+ p-pt p-p+, ete-
Data taking 2015 >2025 2013 >2016 >2016 >2020
Transversity NO NO NO YES YES YES
Boer-Mulders | YES YES YES YES YES YES
Sivers YES YES YES YES YES YES
Pretzelosity NO NO NO NO YES YES
Worm Gear NO NO NO NO NO YES
Direct y NO NO NO YES YES YES

October 6, 2015
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SPD/NICA will provide unigue opportunity
not available at other facilities
to study all of the PDF in one experiment
and obtain the comprehensive information
on the nucleon spin structure
at high statistical level
with min. systematic uncertainties

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 28



NICA White

Paper — International Effort

SEARCHING for a QCD MIXED PHASE at the
NUCLOTRON-BASED 10N COLLIDER FACILITY
(NICA White Paper)

Russia
taly -~ 63

Poland
||

USA
24  Germany

28

October 6, 2015

Statistics of White Paper Contributions

111 contributions:

188 authors from 70 centers in 24 countries

Indicates wide international interest
to the physics at MPD & BM@N

France

Oman

Japan

Israel

Sweden Austria
Slovakia
V.Kekelidze, CREMLIN, KI, Moscow 29




3 detectors

Baryonic Matter at Nuclotron (BM@N)

the fixed target experiment
at the Nuclotron

Stage | 2017

MultiPurpose Detector (MPD)

at the Collider

Stage | 2019

SPD (Spin Physics Detector) at the Collider

project is under preparation
October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 30



MultiPurpose Detector (MPD)
at the Collider

™ CD

IT /GEM/ECT

CPC Tracker ZDC \TM TOF
October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 31




MPD detector for Heavy-lon Collisions @ NICA

Tracking: up to |n|<2 (TPC) Stage 1: TPC, TOF, ECAL, ZDC, FD
PID: hadrons, e, y (TOF, TPC, ECAL) | |
Event characterization: Stage 2: IT + Endcaps (tracker, TOF, ECAL)

centrality & event plane (ZDC)

Superconducting so+lenoid: N ml

high level (~ 3x104) of magnetic =" ' _ﬂ—
field homogeneity ' :

= 1
: - B / B
. _ B,=0.66T — 1 — B ‘"-.
Correction coils al LURAE  Eae
(warm) e = =T Rl
all . Al

Contractors: Vitkovice (Czech Rep.); STU (Thilisi, Georgia)

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 32



CBM-MPD consortium structure
for R&D and production of IT modules (since 2008)

SE RTIIE

KHARKOV
cables,modules
assembling

" IHEP NCPHEP BSU
PROTVINO
'sensors,modules
~in-beam tests

KRI

St.PETERSBURG
radiation tests
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Workshop for microstrip detector assembly & test

the clean workshop /A
has started operation in 2015. |

CERN & JINR have signed MoU for 3
manufacturing the STS carbon fiber
space frames for NICA (BM@N & MPD)
and FAIR (CBM)

CBM-MPD Consortium

1&_' ¥
)
o

T

g
LS

n the CREML'IN frameork

project is developing withi ]
super-module for MPD
October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 34



TPC- technical project, preparation for fabrication
Dia. =3000 mm, L =3400 mm, FEE =120 000 ch, dp/p < 2%

R 1405

' I FEC-64 prototype
.~ (ALTERAFPGA,
ALTRO, PASA chips)

m Cylinder C3 manufactured in Dec. 2013

B _\I! MY 8

\ 2 R140cm, L=3.4 m
~ - 4 mm thickness
' 0,1 mm precision

i o = osacm 1=34m

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 35



Events

Time of Flight system (TOF)

Fast Forward Detector (FFD): MRPC — TDR has been prepared,

1200

1000

800

600

400

200

production stage ready for mass production

Provides: TO for TOF,
- beam adjustment &
collision LO-trigger

Zhu Weipinga, Wang Yi, Feng Shengqin, Wang Jingbo, Huang
Xinjie, Shi Li, V. Babkin, V. Golovatyuk, M. Rumiantceyv,

. . G. Eppley, T. Nussb , NIM A 735, 277-282, 2014
) The achieved time PRIE, 1 THoshatm ol o
E resolution is better Emoé requwet © |C|et;1_|c_:ty ’
T Oppptes \F-ss ps than required a000f Oprpci™ ?-53 ps rate capability
L Vel | 2376717 35005_ & time resolution
N Constant 1143 £ 18.1 =
C Mean  -0.001697 + 0.000680 3000 ?._I’? reached
- Sigma 0.05421 + 0.00052 2500 | Sigma  0.08862+ 0.00044 |
i zoooi—
:_ 1500 -
- 1000 -
E 500
! I ‘T‘ T I'n#s - I %4 I-TI | js
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ECAL — TDR - In preparation

L ~35 cm (~ 14 X,), Pb+Scint. (4x4 cm?)
read-out: WLS fibers + MAPD

2.5% | VE

Energy resolution

Preparation for tests with electron
_ beams at DESY (December’13)

Calorimetry

(NICA)

Zero Degree Calorimeter (ZDC):
TDR stage

ZDC coverage: 3.2<|n|<4.8

Pb-scintillator sampling (54) -{’%
Read-out: fibers + —
AvalanchePD

0,5

%

o(E)/(E) = 53%/NE(GeV) +10%

ZDC provides
required resolution

olE,

0,41

0,3 I N L . L L L . L " L L N L N I
2 3 4 5

Beam energy (GeV)
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Simulation & analysis framework
o 4 N

http://mpd.jinr.ru

L B : -
}I,//' e ok IIl e | Simulation and Analysis Framework for NICAMPLY Detectors

Genaral Documents Computing Referancas Forum BMM Shifits

v’ Software repositories Event generators
v’ Software tests
v Forum

v" Information, etc.

UrQMD 2.3; LA QGSM; SHIELD on fly
PHSD; UrQMD 3.4; 3FD + particlization

= Inherits basic properties from FairRoot, C++ classes;
extended set of event generators for heavy ion collisions;
detector composition & geometry;

particle propagation by GEANT3/4;

= advanced detector response functions,
realistic tracking and PID included.

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 38



MPD performance: hyperons

Production of multi-strange hyperons to study the properties of
the strongly interacting system and signal for QGP

= Central AutAu @ 9A GeV (UrQMD) , TPC+TOF barrel
= Realistic tracking and PID, secondary vertex reconstruction

RS [ [ Invariantmass: A —p+ T r b - | _Invariantmass: & — A+ 7 | RS 120ﬂ Invariant mass: Q@ > A+K |
> 8000 > 250/ % 100[
= a =N S/\S+B =232 S T S/VS+B = 14.8
% 60000 « 200F S/B=57 e 80[ S/B=8.5
.g - S/NS+B=166.5 peak 7163 ~ C eff. =2.5% ~ C eff. = 1.1%
= - S/B=59 mean 1.116 B3 150} 5 -
= 2 2
S8 4000_ eff. = 8.6% sigma 0.0018 'E - eak 212.4 = 60:
. 5 100 p LS [5 400 peak 87.78
20005 5 n'lean 1.321 : mean 1.673
i 50__ ’éﬁ sigma 0.00249 20} sigma 0.0035
0 S — — — :_ﬁ I I L L i 1 ;‘ | | | | | | | L
VT cr I X S TR X S W R U LN ¥ © 17 175
(p+my M ppr y GEVIC? M pixcy, GeV/c?

Yields for 10 weeks of running
Particle A A = =t 0 Ot
Expected yield | 5.8.10° | 7.3.107 | 2.9.107 | 1.6.10° | 1.4.10° | 2.9.1(°

A. Zinchenko, at “SQM 2015”
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@
MPD performance for dileptons A. zinchenko, at SQM-ZO@\IICA)

Good probes to indicate medium modifications of spectral functions due to chiral symmetry

restoration in A+A collisions; effect is proportional to baryon density

«a 1.2

October 6, 2015

| e'e invariant mass |

V.Kekelidze, CREMLIN, KI, Moscow
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Hypernuclei @ MPD II|eva at “SQM 2015”" NICA
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10° 10 .1.[|]2 III ....1.53 — 0 M (GeV2f04)

\'Sun (GEV)

Hypertritons (central Au_+Au @ 5A GeV (DCM-QGSM)

o - Entries B2b '
> T AH — 3He + 1T~ PO 61.07 o | /\H — P+ d+ - o rate
2 80 . S L P 74.19
2 80 p1 2.992 ® g0 : p1 2.993
™ * P2 0.00192 =Y N P2 0002272
~ : : 3 : ©
3 ool | sm=o: - I sy S =
'E' " | s/B=29 p5 .4039 2 60 | sB-118 p5 7000 |
w - | eff.=0.8% pG 1.175e+04 T - eﬁ =1 0°/o pé 2.464e+04
40 ] + : W ,ab b d
: } # ~ 106 3, H are expected t \
20 L) e
«iﬁ A pH In 10 weeks Wt
Q i L1 1 /\#4 L1 1 | I | I | I | I | | I | 1 II | | Ll | L | |M bl | I-¢IT I.I L1 W ‘*‘
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Nuclotron Beams

Parameter

Magnetic field, T

Field ramp, T/s

Repetition period, s

Lightions = d

Heavy ions
40Ar18+

56Fe26+

124Xe48/42+

197Au 79+

Polarized beams
pT
dt

*) With the Siberian snake

October 6, 2015 V.Kekelidze, CREMLIN, KI, Moscow 42



BM@N (Baryonic Matter at Nuclotron): the 15t stage

Expression of interest from scientists:
IN, SINP MSU, IHEP + S-Ptr Univ. (RF);
GSI, Frankfurt U., Gissen U. (Germany):
+ CBM-MPD IT-Consortium,

Physics:

v hyperon production

v hadron femtoscopy

v in-medium effects for strange

& vector mesons
v" electromagnetic probes (optional)

. . = ;j.-;"..".‘,"_;:‘ .__=.‘.:"\i | q‘
BM@N schematic view e e . né i’

SP-41 GEM STR DCH-1,2 mRPC-2

N \ \\ ) / (.7_01\2‘\ \"( / Pisle
s A D
1

——— B ————
—

[—

L= M IS
X Tol “
Recoil 7 / N ” { \ U \I_l
/ mRPC-1" Beam pipe
ST PM SP41
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GEM tracker: A°,

12 planes of GEM tracker
UrQMD & DCM-QGSM, Au+Au, E,,. = 4.5A GeV, 2 x10° events;

-, 3H, reconstruction

A.Zinchenko, V.Vasendina

® - Invariant mass: A - p+ % 120¢ Invariantmass: & > A+ T
> 4000f A0 — N
= : —>PTT A 2 100 o m
» 3000f N T e — |
2 - |S/B=39 Peak 3221.9 q 80 S/VS+B =14.0 ! m
& . [ |S/NS+B=835 Mean 1.115 £ _ [ | Eff.=08% 1
200007 e _ g 90 x Sigma 0.0023 S 80r
.= 0. (/] b
i T | Peak 77.53 \
1000f 407 Mean 1.321
S M 20| Sigma 00027 |- othy 44/
1.08 1.1 1.12 1.14 1.16 : glﬁﬂ* e e
M, GeV/c? P22 124 126 1.28 13 132 1.34 136
M, ., GeV/c?
% 200¢ Invariant mass: °H — 3He + 7 —_ M}O
s f . 2 2 = > +N\'—p1r
= 400[ H A He 1T
" |
P —1 Peak 271.8
8 300[ | O/B=!0 | cd
£ - | S/{S+B=22.4 Mean 2.991
wi 200—| Eff.=1.0% ‘ Sigma 0.0025
100: . I
C ® =
;A_A_._.ill 1 1 L 1 1 1 1 | \.W TT— [K_j—
09 95 3 3.05 3.1
Mo,y GEV/C?

He+')?
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The current network status:

« 10 Gb/s local network;

e 20 Gb/s external channel;

e connections with different scientific networks
- LHCOPN
- LHCONE
- GEANT.

CERN LHCOPN 20Gbps NRC-KI 20Gbps
CERN LCHONE 10Gbps
GLORIAD 10Gbps RUHEP 10Gbps
RUNNet 10Gbps
RBNet 10Gbps
RadioMSU 10Gbps
&= [0 meet NICA Irement
O mee requirements,
e

the performance
of existing internal and
external channels
e WIll D€ Upgraded
— up to 100 Gb/s.
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Injection complex
Hi Source
Hi Linac

Nuclotron
general development
extracted channels

Booster

Collider
startup configuration
design configuration

NICA schedule

(2015 | 2016 | 2017 | 2018 | 2019

2020

2021

2022 2023

C

BM@N
| stage
1l stage
MPD
solenoid

TPC, TOF, Ecal (barrel)
upgraded end-caps

Civil engineering
MPD Hall
SPD Hall
coflider tunnel
HEBT Nuclotron-collider

Cryogenic
for Booster
for Collider

October 6, 2015
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October 6, 2015

Conclusive remarks
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In the medium-term prospect the NICA complex will be
the only facility in Europe providing
unique high intensity ion beams
(from p to Au, p Tand d 7)
In the energy range from ~ 10 keV up to 27 GeV (c.m.s.),
which could be used for both fundamental
and applied researches.

Researches at the NICA complex will contribute to
o discovery and study of new forms of nuclear matter;

e comprehensive study of nucleon spin structure,
o applied researches, like irradiation of biological objects

by heavy ion beams (space mission program) etc.
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NICA is supported through relevant European partnership
and intergovernmental research organizations.

NICA is a lighthouse project on the JINR-Roadmap,
established and approved through all of
the JINR member states
Including 5 from the EU.

It is one of the Mega-Science project adopted
through Russia, however constructed and operated
as pan-European RI at
the International Intergovernmental organization JINR
iIn Dubna.
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NICA project has been proposed for inclusion
In the ESFRI Roadmap

NICA will complement
the new Research Infrastructure map

according to the long term needs
of the European research communities

The presence of NICA in the ESFRI Roadmap will ensure:

 larger European participation to meet the challenges
of the complex experiments
to be performed in the next decades

O strategic long-term research planning
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