Joint Institute for Nuclear Research
International IntergovernmentallOrganization

Status of NICA/MPD at JINR

V. Kekelidze, A. Kovalenko, R. Lednicky, I. Meshkov, A. Sorin, G. Trubnikov
(for the NICA/MPD collaboration)

/th International Workshop on
Critical Point and Onset of Deconfinement

Wuhan, November 8, 2011



Nuclotron-based lon Collider fAcility (NICA)




Facilities

ne P Fixed target, E/A=10-40 GeV, highest intensity

Collider, Vsy, = 4-11 GeV, L~10%7 cm-s-1 for Au’*




Highest baryon density at Lab

System of maximal net baryon (freeze-out) density is created
in A+A collisions at NICA energies = optimum for the compressed

nuclear matter exploration

PHYSICAL REVIEW C 74, 047901 {2006)
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Energy region covered by the JINR and GSI facilities

(in deutron energy, recalculated for E;)
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O Exploration of the QCD phase diagram

- in-medium properties of hadrons & nuclear matter equation of state
- onset of deconfinement & chiral symmetry restoration

- phase transitions, mixed phase & critical phenomena

- local parity violation (P-odd effects)
d Spin physics
-to shed light on the origin of spin
- to define the nucleon spin structure




QCD phase diagram: prospects for NICA

Energy Range of NICA

The most intriguing and unexplored
Quarks and Gluons region of the QCD phase diagram:

® Highest net baryon density

® Onset of deconfinement phase
transition

® Discovery potential:

a) Critical End Point (CEP)

b) Chiral Symmetry Restoration
Color Super- c) Hypothetic Quarkyonic phase

Temperature T [MeV]

5 A ‘ §1 y: " Complementary to the RHIC/BES,
(“" Net baryon{nsity n/ n NA61/CERN, CBM/FAIR and
Compact Stars g )
N, =0.16 fm™ Nuclotron-M experimental programs
Comprehensive experimental program requires scan over the QCD phase

diagram by varying collision parameters: system size, beam energy and
collision centrality




@ Flagship project at JINR

@ Based on the development of the
Nuclotron facility

@ Optimal usage of the existing
infrastructure

@ Modern machine which incorporates
new technological concepts

@ First colliding beams - 2017

NICA advantages:
+ Energy range \/SNN = 4-11 GeV - highest baryon density 3
+ Available ion species: from p to Au \
+ Highest luminosity: Au+Au up to 1027




The NICA Project Goals

1) Heavy ion colliding beams 197Au79+ x 197Au79+ at
‘/SNN =4+ 11 GeV (1 +4.5GeV/u ion kinetic energy )

at L = 1E27 cm-2-s-1 (at Vs = 9 GeV)

average

2) Polarized beams of protons and deuterons in collider mode:
pTpT Vs,, =12+ 27 GeV (5+12.6 GeV kinetic energy)

dTdT Vs, = 4 + 13.8 GeV (2 + 5.9 GeV/u ion kinetic energy )
L > 1E30 cm-2-s-1 (at \s,, = 27 GeV)

average

3) The beams of light ions and polarized protons and deuterons for fixed target

experiments:

Li+Au =1+4.5GeV /uion kinetic energy
p, pT =5+ 12.6 GeV kinetic energy

d, dT =2+ 5.9 GeV/u ion kinetic energy

4) Applied research on ion beams at kinetic energy
from 0.5 GeV/u up to 12.6 GeV (p) and 4.5 GeV /u (Au)



Facility Scheme and Operation Scenario

NICA Layout

KRION-6T

s ol & HlLac
/~—— Nuclotron
Fixed target
/‘}periments

SPI & LU-20

Spin Physics
Detector (SPD)
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The Cosmonaut Yi So-Yeon (South Korea) flies inside the yoke of Synhrophasotron JINR



Nuclotron-type SC magnets for Booster
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Facility Scheme and Operation Scenario

Today

clotron (45 Tm) «
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Facility Scheme and Operation Scenario

storage of 20(4-6)x109
acceleration up to 100 WeV/u,
electron cooling, accg#lefation
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Nuclotron beam intensity (particle per cycle)

Current

lon source type

New ion source
+ booster

Duoplasmotron
e e 5-1012
s | - 1.1012
2-108 SPI 1.10%0
8-108 Laser 5.1011
1,109,8 ______
1.10° [ TV 2-101
RN | e
1-107 ESIS (“Krion-6T”) 5.1010
g (- 2-101
ge | - 5.1010
Coo s 1.10°
O 1.10°
| 000 -, - 1.10°
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'S extracted from Nuclotron

tween SIS-18 and AGS (with some overlaps)

max s,y (GeV/n)  max. T, (GeV/n)

~5.2 ~ 12
~3.8 ~ 5.7
(including polarized deuterons)
~ 4.5
(at 2T in dipoles)

dense baryonic matter at temperatures up to 100 MeV,
strangeness (open & hidden) production
In dense baryonic matter,
tion of particle properties in dense nuclear matter

1e corresponding multi-purpose setup
Baryonic Matter at Nuclotron (BM@N)

Re)



The NICA design passed the stage of concept
formulation and is presently under

v detailed simulation of accelerator parameters,
v development of working project,
v manufacturing and construction of prototypes,
v’ preparation of the project for state expertise
In accordance with regulations of Russian Federation.

The project realization plan foresees a staged
construction and commissioning of accelerators
forming the facility. The main goal Is the facility
commissioning in 2016.

20




.t F dn
; -

NICA construction schedule

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 |

ESIS KRION

LINAC + channel

Booster + channel

Nuclotron-M

Nuclotron-M — NICA

Channel to collider

Collider

Diagnostics

Power supply

Control systems

Cryogenics

MPD

Infrastructure
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MPD: tasks and challenges

Q bulk observables (hadrons): 4p particle yields (OD, EOQS)

Q event-by-event fluctuation in hadron productions (CEP)

Q femtoscopic correlations involving m, K, p, A (OD)

Q flows (directed, elliptic,...) for identified hadron species (EOS,OD)
Q multistrange hyperon production: yields & spectra (OD, EOS)

Q electromagnetic probes (CSR, OD)

Q hypernuclei (DM)

Q local parity violation (P-odd effects)

OD — Onset of Deconfinement
CEP — Critical End Point
DM — Dense Matter

CSR — Chiral Symmetry Restoration
EOS — Equation Of State

Challenges:
# Vast nomenclature of colliding systems — from p+p to Au+Au
# simultaneous observation of a variety of phenomena
# Small effects over large kinematical range, sensitivity to acceptance
constrains (‘correlations & fluctuations’ studies)
# Pattern recognition in high track multiplicity environment 12




The MPD Apparaty

ECal e Active volume

5 m (length) x 4 m (diameter)

Yoke ECT ® Magnet

0.5 T superconductor
BBC

e Tracking

TPC & straw EndCapTracker &
silicon pixels (IT) for vertexing

e ParticlelD
Cryostat hadrons(TPC+TOF), n°y (ECAL),
| e*e(TPC+TOF+ECAL)
\ IT
g P e Centrality & TO timing
MPD Advantages: ZDC FD

o Hermeticity, homogenous acceptance (2r in azimuth), low material budget
0 Excellent tracking performance and powerful PID

0 High event rate capability and careful event characterization



MPD tracking and PID performance

TOF (=100 ps)

Good momentum resolution:
Ap/p < 2% (p=0.3 GeV/c)

i Good separation
power for hadrons

3
P (GeV/c)
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1
- TPC only [
4 ITS+TPC

Precise vertex reconstruction: 2 PO 76.55

. =

Integral 694

p1 1.672
p2 0.002825
p3 1406

resolution < 60 um
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VO pattern
recognition
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Progress in R&D and prototyping for MPD

Straw EndCap
Tracker
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Successful beam tests of the FD and ZDC prototypes
at Nuclotron and SPS
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MPD feasibility studies

[ Au+Au (UrQMD, 7 GeV, 0-5 fm, [y|<1) |

Real MPD simulation and
reconstruction algorithms:
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Jhe CBM/EATR-MPD/NICA Consortium

CBM @ FAIR MPD @ NICA
(Darmstadt) (Dubna)

e 7 institutes
e 3 countries

ol
« GSI, Darmstadt, Germany

 JINR, Dubna, Russia

 |IHEP, Protvino, Russia

« MSU, Moscow, Russia

« KRI, St.Petersburg, Russia
University, St.Petersburg

SE SRTIIE, Kharkov, Ukraine

Modules assembly

« Components
« Ladder assembly
» Radiation tests

In-beam tests

.......

i




M-MPD Consortium Structure
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SE RTIIE |
KHARKOV

v cables,mtc))IQuIes y 2 %
,assembling £ : X
SINP MSU - RIMST )

MOSCOW To | ZELENOGRAD
sensors,in-beam - A Sensors
tests (%} . production 4

JINR '\ GS|

SPb SU DUBNA

StPETERSBURG assembling DARMSTADT
mechanics certification ‘ : simulation, FEE

cooling bench and in-beam _ certification
tests in-beam tests

etc.

IHEP SE X
PROTVINO PLANAR |

sensors,modules
in-beam tests MlNSK
mechanics

KRI

St.PETERSBURG
radiation tests




Timetable of MPD construction and comnissioning

stageY ear 1 2 3 4 ] Tatal
Budget profile for MPD -3 1080 [12500 | 15500 [ 9300 [2560 40940
1 | Experimental Hall i B

HICA Hall Construction

Electricity water & infrastructure

Crane(construction & certification)

Superconducting Magnet

Iagnet TDE and Tender

Call for Tender-Y olee,3C tnm coils

Contracts signing

Ceonstruction of Iron Yorle & 3C

Transpottation

Cryogenics for Selenotd

Azzembling & Commiss. of Solenoid

Field measurements

TPC

TPC Aszzembling workshop

TPZ Construction

TP tests

TP installation and Commissioning

TOF

TOF Assembling area

Test area of TOF mEPC

TOF Mass Production and test

TOF installation & Commissioning

ECal modules production

ECal Assembling in sectors

ECal installation & Commisst oning

k=g

ZDC construction and installation

Electronics, Network and

Start up minimum
|

DA production &implementation

Control Boom construction

=low Control system implementation

Computinﬁ for Data tak_ing & network

L=l -]

Detector Assemhbling
Commissioning and Cosmic Tests




http://nica.jinr.ru Versien 1.4

The MultiPurpose Detector — MPD

to stedy Heawvy for Collisions et NICA
{Coreeptual Desigr Report)

Froject leaders: |A.N. Sizzalian, | A2, Borin, V.. Kelelidze

Editorial board:
V. Golovatyul, V. Kekelidze, V. Kolesmlow, D Madigoshin, % Munn, V.INiatin,
. Bogachevsky

Internal referes board:
N Gorbuner, WV Kolesmbow, [ Meshbow, A Olshevala, Yu Potrebembkenr, N Topihin,
I Tvaplin, Yu Zanevsky, A Kurepin

The MPD Collaboration:?

Eh T Abrasmgan, 3V Afanasiev, V.5 Alfesv, N Anfimew, D Arkhiplan, P.2h Aslangan,
VA Boblun, 3.1 Bagylev, D.Blaschke, [N Bogslovsley, IV, Boguslavsla, AV, Butenke,
VWV Chalyshev, 8F Chernenlo, ¥.F Chepurnov, ¥1.F Chepurnow, G A Cherermikluna,
LE Chinkov-Zonn, DUE Donstz, K Davkov, V.Davlkeow, D.K.Dryablov, D.Drnojan,
VEDum, LGEfimov, AAFfremer, EREzorev, DD Emelyanov, OV Fatesv,
Y lFedotow, AV Fhesen, OF Gaovrschul, K. V. Gertssnberger, V.M. Golovatyul,
LM Gondharov, MNV.Gorbunov, “Yu A Gormushlin, AV Guaew, A % lsupov,
V. Igjer, M.G. Kadykew, M. Kapishan, A O Kechechyan, V.0 Kekdidze, G.D Kekehdze,
HG Ehodslnbagiyan, YT Kryushin, V.1 FKeolesmbkov, AD Kovalenko, N Krahotm
2.V Krumshtein, NA Kuzmm, R Lednicky,

The MPD Collaboration consists
of about 180 scientists from:

= JINR ~ 100
= Other Institutions 80

Participating Institutions:

= JINR
= 15 Institutes from 8 countries

Institute of Applied Physics, A5, Moldove

I Stzanenor, T.Ceshior
Institute for Muclesr Reseach & Muclesr Enerey BAS, Scofia, Bulepria

s sl The size of the Collaboration pessseuGuG—G_—p—e8

DT Madigozhin, AL Malakhew, LI Meshler,
MNA Molokanowa, 8 A Movehan,  Yu A Murnn,
WA Mlatin, A GOlshevala, V.F Pereseder, Do
LA Polenkewich, “u K. FPotreberulov, V. 3. Pronsld

IS growing continuously and e eeeteane

& Technology Ressstch Institute for Appsratus

iy €W Members are welcome!

BV Bergeev, B.G Bhelinow, AV Shabuncw, A0 Sdonn, LV Hepnev, V.M Slepnev,
LP8lepov, ABBorm, OV Teryaev, V.V Tichommrov, V.0 Tonesw, IN.D Topihn,
GV Teubnikew, LA Twaplan, MM Vladmawrewa, A S Vodop'yanev, 8% Volgn,
A Vukeey, V.1 Yurevich, Yu 'V Zanevaly, A1 Anchenko, V.. Zrjuev, Yu R Zulkarnesva
Joint Institute for Nuclesr Research

VA Matvesy, M E Golubeva, FLF.Guber, A Flveshlan, LV Kravehuek, A E Kurepin,
T L Karavicheva, A I Masvskaya, A I Resham
Institute for Muclear Research, RAS, RE

EE Eoos, V. L Korotlakh, [P Lokhtin, LV Malinma, M M. Merkin, 8.V Petrushanle,
LI Barycheva, A M Smimrev, A G Voromn

Skobeltzyn Institute of Nuclear Physice IMoscow State University

Particle Physics Clanber of Belatmsisn Stabe Undversity

i Wane Yenjnge Li Yiones Lin, Z2hi Deryg, Guarghie, Gorg, Misrglel Zhoy Weiduere
Dirg
Depsriinent of Erngdnesring Physics, Teinehnaa Tniversity, Beijing, Chins

L Abdiveer, Il Suleivnamons
Flysics Institate Az AS, Azerbeidjan

T . E.Koshonritor
"MevaeIlsenet " SiE, 1kd, St Petersbure;, Ruszis



Strange matter production in heavy ion collisions at the

Nuclotron extracted beam:
Baryonic Matter at Nuclotron (BM@N)

“ollaboration GSI-JINR (preparation of the
joint experiment has started)

= The goal of the experiment Is the systematic
measurements of the observables for multistrange
objects (=, O, exotics) in Au-Au collisions in the
energy domain of the Nuclotron extracted beam (up
to 5 A GeV)




Workshop
Fixed Target@Nuclotron-N and SIS100@FAIR
Detector R&D, Synergies and Physics Opportunities
GSI| Helmholtz Centre, 2010 November 3rd
Wednesday, November 3rd
GSI WD-Zimmer

09:30 — 09:45 Welcome and Goals of the Meeting H. Stdcker

Chalr A. Sorin

Technical Status of the Facilities
uclotron M Status of the Facility and the New Fixed Target Program V. Kekelidze
Towards Nuclotron-N@JINR & SIS100@FAIR Physics Program H. Stocker /A. Sorin

Chair: G.Trubnikov

11:15-12:15 Nuclear Structure Physics

Nuclear Structure and Nuclear Astrophysics opportunities with RIBs ~ G. Martinez-Pinedo
Status of R3B T. Aumann / H.Simon
Lunch Break (small Lunch incl. coffee / WD-Zimmer)

Chair: V. Kekelidze
13:00 — 15:00 Nuclear Matter Physics

Status of the HADES Upgrade, recent results R. Holzmann / J. Pietraszko
Status of FOPL recent re N_Horrmann

e S S T A —
Status of R&D CBN - VIUNE
The STS Consortium J. Heuser
Coffee Break

15:15—17:00 Final Panel Discussion:
Synergies and Joint R&D Projects Chair: H. Stocker
17:30 Dinner at the GSI Guesthouse




nse baryonic matter at <6 GeV/n

tary to the MPD program
& will be actual even after start of the MPD runs:

ubthreshold one;
nt-by-event fluctuations, correlations;

direct light hypernuclei production in central AA collisions,
lelds (n/K etc) in different kinematical regions.

* to Investi

te particle modifications in hadronic matter
advantages of the inverse kinematics (Ap, Ad collisions)
may play significant role

* to look for polarization effects in particle production
off nuclear targets by polarized d, p, n.

34



ge (B, Q, exotics) & hypernuclei in HI collisions
oduction in the region of high sensitivity to the models

Large Acceptance Magnetic Spectrometer
T % GIBS magnet (SP-41)

TS-target station,

TO- start diamond detector,
STS - silicon tracker,

ST- straw tracker,

DC- drift chambers,

RPC- resistive plate
chambers,

ZDC- zero degree calorimeter,
DTE — detector of tr. energy.

etector based on the sub-detectors developed for CBM, MPD & SPD

Preparation of the joint GSI - JINR experiment Baryonic Matter at
Nuclotron (BM@N) has started.



MRSt hdetecrorso ckang, pacticle 1D & centrality measurements)

Straw tracker
(CBM/MPD)

OIjgir e .- NA48 drift chambers

RPC TOF | i\

—

ZDC (CBM/MPD -INR, JINR) 36



Time table of the experiment

Working package 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Simulations

Preparation of experimental site
Installation beam line,

Installation GIBS magnet

Installation beam tube, beam monitors
Construction prototype STS
Construction SC magnet
Construction straw tube tracker
Construction TOF-RPC, TO
Construction DAQ, slow-control
Installation drift chambers

Installation detectors, commissioning

nase 0 (2011) — The site preparation and simulation
nase 1 (2012-2014) — The detector construction
nase 2 (2015-.....) - The data taking




Editorial board:

D. Blaschke

D. Kharzeev

V. Matveev

A. Sorin o0 01
H. Stoecker

O. Teryaev
. Tserruya
N. Xu

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

..‘E-‘-'-' ""_‘;-: "
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http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome




.~ The NICA White Paper
140 cuthors

Arizona State University, USA

56 scientific centers [in | 21 Countries (8'JINR members)

Lulea Technical University,
Sweden Kurchatov Institute, Russia

University of Oslo, Norway

Los Alamos National Laborator

4 SUBATECH, University de Nantes, France Sl o Lebedev Institute, Russia |

University of Illinois, USA St.Petersburg SU, Russia

Wayne SU, USA

IHEP, Russia

LBNL, USA ITEP, Russia

BNL, USA

INP MSU, Russia

MEPhKI, Russia

BITP, Ukraine i £ - o ol N N I NS INR, Russia
INFN, Italy i f i i X
iy / ! , ‘ Osaka University, Japan
— L { N, N, SN )

University of Catania, Italy

YITP Kyoto, Japan

Varlable Energy

Cyclotron Centre, India

University of Trento, Italy @ oS S N

e L { FIAS Frankfurt, Germany

=

GSI Darmstadt, Germany

University of Florence, Italy

University of Barselona, Spain University of Frankfurt, Germany

b,

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

“\ s Hefe| Un|ver5|ty, Chlna UnlverS|ty of Bielefeld, Germany

bl B U T g AT fagm University of Cape Town, Tsinghua University, Beijing, China
Jan Kochanovski University, Poland SOUth AT Beijing Institute of High Energy Physics, China
: - : 1

Institute of Applied Science, Moldova

University of Coimbra, Portugal UnlverSIty of Giessen, Germany

Mateja Bela University, Slovakia

Lanzhou National Laboratory of Heavy Ion Accelerator, China

http:/ftheor.jinr.ru/twiki-cgi/view/NICA/WebHome



MENRAPER=NCOntEnts

(68 contributions)

elations and fluc
ulti-particle production (6)
probes and chiral symmetry in dense QCD matter (7)
violation in hot QCD matter (6)

ses (2)
olarization effects and spin physics (4)
11 Related topics (3)

12 Fixed Target Experiments (4)



O. Rogachevsky, A. Sorin, O. Teryaev

_  WPhys. Rev. C82 054910, 2010

i al magnetic effect (CME) and chiral vortaic effect (CVE) belong to the class

I effects based on the triangle anomaly in QFT. CVE is generalized to the conserved
arges other than the electric one. In case of baryon charge and chemical potential, it

d manifest itself by neutron asymmetries, which can be explored at NICA/MPD.

The crucial difference of CVE with respect to CME is due
to a very small number of produced antibaryons, in particu-
lar, antineutrons. Therefore, no sign change for correlators is
expected!

N,
— — -+ J = she ’yﬁﬂpaail'/ra 0 L
ejAaJﬂ = ﬂ'jvc&-J& I'H —* F’.."llll"_'lll * L “ 47 f\rfg P ‘3( ;FJ!UJ)

Observable: three-particle correlator: JRECIENEREE S

X

=

=
&

Ausu Js o =9 GeV
UrQmMD 10 * events

In CME case at RHIC: 15 M events were
sufficient to establish the effect.

For demonstrating the CVE, we need 1000 M
events, which can be collected at NICA/MPD
within a few months of running time!
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M. Baznat, K. Gudima, A. Sorin, O. Teryaev (in progress)

Au+Au, s'?=5 A GeV (v » rotv)dV, c*fm’

s Htot)
*H vy;:nl
«H v:'.a'ﬂ_
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prospects for experimental study of directed, elliptic, and

flows in asymmetric heavy ion collisions at NICA energies

A.
rt Institute for Advanced Studies, Frankfurt, Germany
e for Theor. Physics, National Academy of Sciences of Ukraine
Theoretische Physik, Johann Wolfgang Goethe-Universitat, Frankfurt
(4) Joint Institute for Nuclear Research, Dubna
5| Helmholtzzentrum fur Schwerionenforschung, D-64291 Darmstadt, Germany

(1 + 2v,008(@) + 2v,c05(2¢) +=>.)

dyp poTdco dyp poT

To explore asymmetric nuclear collisions (ANS) both with extracted Nuclotron beams up to 5 AGeV and
with a center of mass energy up to 11 AGeV in the NIICA collider mode. In framework of UrQMD transport
model, ANS directed, elliptic, and triangular flows have a very rich and complicated structure of energy
and centrality dependencies compared to the flows in symmetric nuclear collisions worth to be
investigated experimentally. In addition, ANS directed, elliptic, and triangular flow coefficients for
collisions with existing density fluctuations in the target nucleus crucially differ from those obtained in
absence of such fluctuations. Such ANS may allow one to reach highest baryonic charge densities and,
perhaps, to study a mixed quark-hadron phase even at the Nuclotron energy range. ANS flow patterns are
very sensitive to the details of the employed interaction which can be used both for tuning of the transport
codes and for elucidation of essential features of hadron interactions in the medium.


http://arxiv.org/abs/1106.3647
http://arxiv.org/abs/1106.3647
http://arxiv.org/abs/1106.3647
http://arxiv.org/abs/1106.3647

Round Table Discussions on NICA/MPD@JINR

Round Table Discussion |: Searching for the mixed phase of
strongly interacting matter at the JINR Nuclotron, July 7 - 9, 2005
http://theor.jinr.ru/meetings/2005/roundtable/

Round Table Discussion Il: Searching for the mixed phase of
strongly interacting matter at the JINR Nuclotron: Nuclotron
facility development JINR, Dubna, October 6 - 7, 2006
http://theor.jinr.ru/meetings/2006/roundtable/

Round Table Discussion lll: Searching for the mixed phase of
strongly interacting QCD matter at the NICA: Physics at NICA
JINR (Dubna), November 5 - 6, 2008,
http://theor.jinr.ru/meetings/2008/roundtable/

Round Table Discussion IV: Searching for the mixed phase
of strongly interacting QCD matter at the NICA: Physics at
NICA (White Paper) JINR (Dubna), September 9 - 12, 2009
http://theor.jinr.ru/meetings/2009/roundtable/

Round Table Discussion V: Searching for the mixed phase of
strongly interacting QCD matter at the NICA: Physics at NICA (White
Paper) JINR (Dubna), August 28, 2010
http://theor.jinr.ru/~cpod/Dubna_2010 program2.htm
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Welcome to the collaboration!

Thank you for attention!



