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NICA goals and physics problems

Study of in-medium properties of hadrons and S
nuclear matter equation of state, including a search for possible signs of
deconfinement and/or chiral symmetry restoration phase transitions and

QCD critical endpoint in the region of s =4-9 GeV

by means of careful scanning in beam energy and centrality of
excitation functions for

the first stage
& Multiplicity and global characteristics of identified hadrons
including multi-strange particles
& Fluctuations in multiplicity and transverse momenta
& Directed and elliptic flows for various hadrons
« HBT and particle correlations

the second stage
% Electromagnetic probes (photons and dileptons)



Required parameters

The following basic initial parameters have been accepted in designing
physical installation:

Kinetic energy of each colliding beam 2.5 A GeV

The setup covers solid angle close to 4n

Average luminosity of colliding beams 1x10727 cm-2-s-1

Total cross section of heavy ion interaction (U+U) 7 b

The mean multiplicity of charged particles in a central collision 600

Fraction of central collisions 5%

Fraction of events with strange particles 3%

Fraction of events with lepton pairs in domain of p meson 104-4

The following interaction rate characterizes the setup capability:

- Frequency of interaction /x1073 /s

Total number of interactions per year assuming the statistics

is being collected for 50% of the calendar time 1x10"11

A number of central interactions per year 5x1079

A number of central interactions with strange particles per year 3x1078
A number of central interactions with lepton pairs in the domain

of p meson per year 5x1075

From these estimations it is possible to conclude that luminosity 10427
cm-2-s-1 may be sufficient for the decision of the above formulated physical
program.



Heawwy lomn SAaccelerators

el SIS-18 (2=29.5)
(CERM LHC (S3008)
CERMN SPS (5-210]

JINFE NT (Z-4)

BMNML RHISLZO0-200)
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-
E (GeV) S (GeV)
AGS BNL
AutAu 2 +11 2.3 + 4.7
1985 —1990
SPS CERN
Pb+Pb
2003 20 6.3
; 2002 30 7.6
2000 40 8.3
Synchrophasotron 2000 80 12.3
(shut down) 1994 — 2000 160 17.4
RHIC BNL
Au+Au 2.110* 200
2000 — 2




Relativistic Heavy lon Facilities
from Synchrophasotron and AGS to NICA and FAIR

Crver the last 30 years a lot of efforts have been macde to provide the conditions for
searching for new states of strongly interacting matter under extrernnme conditions.

sSynchrophasotron: Eu ~ 4.2 AGeV (YSua = 3GeaeV)

1871 - 19299, pioneering experiments in the field of relativistic
nuclear phvysics.

AGS: Ean ~ 11 AGeY (s = 5GeV)
1986 — 1992, study of compressed baryonic matter.

SPS: Eun —~ 158 AGeW (vspn =13 Geww)
1926- up to Nnowvy,
stuchy of compressed baryonic matter.

RHIC: '."-SNN = 200 Ge (Ejzn ~ 80000 AGea™ )
T99E - ubn o Nows .

S = 5600 AGeN (Ean ~ 5.3-107 ASew)
2009 - planned

SIS 300: (FAIR GSI) E ., ~ 34 AGeV NICA: “Suu= 9 GeV (Eu ~ 40 AGe\) .
(S = 8.5 Ga'W), full performance will e reached in 20135,
full performance will be reachecd in 2015, search for the mixed phase of stronaly

study of compressed baryonic matter. interacting matter.



JINR NUCLOTRON

EXPERIMENTA

HALL 1B

Project parameters: maximum energy

5 GeV/nucl. for nuclei with A ~ 200.
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Joint If.nstitute
)
Nuclear-‘Rresearch

Round Table Discussion

Searching for the mixed phase of strongly

interacting matter at the JINR Nuclotron
July 7 - 9, 2005

Program Organizing
Committee
Talks
Photographs

Research Program & Expert's Report

http://theor.jinr.ru/meetings/2005/roundtable/
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Round Table Discussion 11

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/


http://www.jinr.ru/

Joint Institute for Wuclear Research

Conceptual project

Design and construction of

Nuclotron-based Ton Collider fTAcility (WICA)

and Mixed Phase Detector ((WMIPID))

NICA - project

Project leaders: A.Sissakian., A.Sorin

Group leaders
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{(phwsics program)
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(accelerator group 1)
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S. Afanasiev., V. Golovatyuk, A . Litvinenko., P.Zarubin., L.Zolin

E.Donets., A Efremowv

Dubna 2006
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PAC for Particle Physics, 26 Meetings, 23-24 Nov. 2006

VI. Recommendation on the experimental studies of the mixed phase of strongly
interacting matter at the Nuclotron

The PAC notes with interest the report by A. Sorin on the plan for a future
programme to study the mixed phase of QCD matter at the Nuclotron. The PAC concurs
that the scientific merit of this research is high, and that a timely research programme
initiated prior to the start of the FAIR programme will be competitive and attract
international interest.

The PAC is concerned that carrying out this programme on the timescale indicated
will require a major commitment of manpower and resources on a scale much larger than
that allocated for operation and development of the Nuclotron in recent years. The PAC
strongly recommends the creation of a fully developed, resource loaded project plan which
shows how this programme will be carried out, how it will be financed, and the schedule for
its completion. The creation of this plan will not only help to insure the success of the
project, but will also help the Directorate to assess the impact of this major construction
effort on the ongoing particle physics research programme in other areas.

The PAC recommends further that in the future, assuming the project to upgrade
the Nuclotron moves forward, there should be an effort to convene the international
scientific community which potentially may utilize this new facility to discuss ideas for
experiments and detectors which ultimately may be part of the experimental programme.

The PAC invites a fully developed proposal for the experimental research
programme related to this activity at its next meeting.



[0] st Session of the JINR Scientific Councll
|8-19 January 2007

The Scientific Council reiterates its previous recommendations on the central
impartance of the JINR basic tacilities for the future developroent of the Institute, and
notes with satistaction the results achieved in the DRIBs and IREN projects, the
ongoing modermization of the IBR-2 reactor, and the conceptual foundation being lad
tor a future Nuclotron-NICA project.
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Status: Mew

Development of the JINR Basic Facility for Generation of
Intense Heavy lon and Polarized Nuclear Beams Aimed at
Searching for the Mixed Phase of Nuclear Matter and
Investigation of Polarization Phenomena at the Collision

Energies up to 5, =9 GeV.

Leader: A.M. Sissakian
A8 Sonn
A.D. Kovalenko

Scientific Programme:

Irrvestigation of the mixed phase formation problem in strongly imteracting nuclear matter at
extrermely high miclear densities and polarization phenomena in few -body nucleon systems.
Development of theoretical models of the processes and theoretical support of the experiments.
Developrnent of the Nuclotron as the basis for study of relativistic miclear collisions over atomic
mass range A= 1-238. Preparation of the project of the nuclear collider and multipurpose
particle detector at heavy ion colliding beams (INICA/MPD) and staged realization. Experiments
at the Nuclotron miclear and polanzed deuteron beams.



Expected main results in 2007:

L

specification of necessary parameters of the accelerator complex and roultipurpose
detector for investigation of the mixed phase and other topical problems of the physics of
relativistic hadrons, heavy 1ons and polarized particle interactions.

Developrment of a highly charged state heavy 1on source KRICON, R&D work on the
Muclotron heavy ion pre-accelerator and partial realization of the new purping system of
the Muclotron vacuum chamber. Commissioning of the upgraded system for the main
magnetic field cycle control. Developroent of a beam diagnostic system at the accelerator
complex. Design, construction and tests of the new model and prototype superconducting
magnets for the Nuclotron developrment and the 515 100 project at GS1.

Preparation of the project of heavy 1on collider NICA (Nuclotron-based Ton Collider
tAcility) aimed at reaching the collision energy of /5, =4+ 9 GeV and averaged

lurninosity of {10 “"em ¢ !, based on the Nuclotron and new technology of pulsed
superconducting magnets with the maximum field up to 6 T.

Preparation of the project of multipurpose detector MEPD | Mixed Phase Detector) for
ivestigation of relativistic heavy 1on collisions. Analysis of the sstup conceptual

schemes, modeling of the collision processes in the energy range of .(5,, =4+ 9 GeV.

Expenments at the Nuclotron bearns on the first priority tasks of the accelerator

development, physics and methodical experiments within the total running tirme of 1200
hours.



List of Activities
Activity or Experiment

1. Nuclotron: development of the
accelerator ring systems,
injector system, beam
lines and bent crystal optics:
technology of SC magnets;
polarization technologies.

2. Theoretical investigations,
development of the models for
description of the properties

of excited nuclear media under

high temperatures and

compression, d ynamics of nuclear

interactions at extreme dense
barvon

3. R&D work, preparation of the

NICA project and the accelerator

facility elements.

4. Modeling of the processes, R&D

work, preparation of the MPD

project and the detector elements.

n

Obtaining of the experimental
data at the Nuclotron nuclear
and polarized deuteron beams,
important for the MPD design
amnd construction.

Leader

A.D. Kovalenko
V.1. Volkov

A NM. Sizzakian
A S Sorin

A.D. Kovalenko
I.MN. Meshkov

5.V. Afanasiev
V.A. Nikitin

ALL Malakhovy

Status

Realization

Realization

Technical Proposal

Technical Proposal

Realization




KoMnnekca no donsunke TaxenbIix
MOHOB BbICOKUX 3HEpruu
(HyknotpoH + HUKA )

“Project NICA”

NICA - Nuclotron-based lon Collider fAcility
and MultiPurpose Detector (NICA / MPD)

npedcmaessieHo B.[. Kekenud3se

Committee of Plenipotentiaries, March 22- 23, 2007



Status of the NICA/MPD project and first-priority tasks for 2007

A.N.Sissakian, A.S.Sorin, V.D.Kekelidze

Programme Advisory Committee for Particle Physics
27 meeting, June 28-29 2007



Status of the NICA / MPD project

V.Kekelidze, A.Sorin
for NICA Collaboration

Introduction
Physics motivation
New Basic facility

VYV V VY

- Collider NICA
- Nuclotron-M — as the first stage
- major milestones
» Experimental tasks
» Conceptual design
of the experimental Set-Up — MPD
» Qrganizational aspects
» Summary

102 session of the Scientific Council, JINR, Dubna, September 27 - 28, 2007



OBBEHHHEHHbIﬁ HMHCTHMTYT SNJJEPHDBIX HCCHEﬂOBAHHﬁ
IMMPHUNK A3
25.04.2007 N 2 L
r. dy6aa

O koopauHaumu paGoT no [poexry
NICA/MPD

B cooTeeTcTBMM c pekomeHmanHamu 101 Ceccunr Yuaenoro Copera OMSAM, onoGpeHHBIMH Ha
sacenanuy KIIII B mapTre 2007 rona, nns xoopamHanua paGoT no INpoekty NICA/MPD B paMkax
TemEel 02-0-1065-2007/2009

INIPHKA3IBIBATO:
1. Cozmare KoopamHanmmonusrii KoMmuTer B cocTaBe:
Cucaxsa A H. - Opeaceaarceib;
CopuH A.C. - 3aM. TIpemaceIaTeiis;
Kexenunze B.J]. - 3amM. NIpeacegarerisd,

WICHEBEI KOMHTETA C [IPaBOM PEITAOIEro rojioca:
Aranoe H.H.,
3uaoBReB I .M. (ITo corlacoBanuo),
Kopamenxko A JI.,
Memkos H.H.,
TTorpeGenukoe HO.K..
XonnmaH T. (1o coriracoBaHHIO);
YIISHBI KOMHTETA C IIPABOM COREIIATENBRHOIO rOJIoCa:
Adanacses C.B.,
Mamaxos A M.,
Hukurona B.A.,
Toueee B.JT.
2. YTpepaHTE OPraHHU3allHOHHYIO CTPYKTYPY [IpoekTa (IlpuaoskeHue 1).
3. Cosnarer ma Gaze BBJIBD, ¢ NpHUMBICYCHHCM COTPYJAHHKOB APYruxX naGoparopwuit OWMSIM u
CTOPOHHHX OPpraHH3anuil, ¢ OpSMBIM HOOAYHHeHHeM gupekTopy OHSAAN, «Ilenrp NICA-
MPD» s pazpaBoTrku  ¢duzmueckoii nporpamMmiel [IpoekTa, NPOSKTOB YCKOPHTEIBHOL'O

xkomrIuickca NICA, merextopa MPD m co3maHMs MeXKIYHaApPOLHOH komnaGopamme Is
BEIMTOoTHeHuA I[IpoekTa.

4. YTeepanTtek BpeMeHHOE [Nomoyxxenne u BpeMennoe IllTaTnoe pacnmcanue Llenrpa NICA-MPD
(IMpunosxkeHust 2,3);

5. Copumuay A.C., Kexenunsze B .. no 20 mas paspaGoTars NepevdeHb IIEPBOOICPEAHEIX 3a0a9 Ha
2007 r;

6. Pyxosoacrreo llenTtpom NICA-MPIDD BOZIIOXKHTE HA 3aM. nupekropa JI'Td Copama A.C.;
7. O6A3aHHOCTH WICHOB KOOPAHHAIMOHHOIO KOMHTETA PACIIPEIe/IHTh CIEeIYIOIIHM oGpason:

Koepanmenxo A J[., Memkos M. H.

COpPYKOBOOHTENH padoT mo paspadorke u
CO3MaHHIO YCKOPHTEITEHOI KoMIImekca NICA

Kexemmnze B. 1. - KoopawmHATOp paboT mo pazpaSoTKe ¥ COo3TaHHuFO
gerTexTopa MPD;

Toueer B.J1., Copaa A.C. - KOOpAMHATOPEI pador 1rmo dH3zuke;

ITorpeGenuxos O K - KoopamHAaATOp pafboT o coO3aTaHHIO

KOMIIBIOTEpHOH uHGpacTpyKTyYpEl lIpoexTa;




Aranos H.H. - KOOpZHHATOp paboT MO CO3MaHHIO
TPOH3BOJICTBEHHOH HHAPACTPYKTYpPBI s
peanuzauuy I1poexra;
3unosbeB I'M., Xowmman T. - xoopamHaTope! paGoT o opranM3ariu MexIyHa-
poauo#t koyabopaunn a4 peanusaiuu [Ipoekra.
8. OGecneyenne pabor nmo npoexty NICA W COrnacoBaHHe BOMPOCOB MeXKNAGOPATOPHOTO
B3aHMOJeHCTBUA OpY4YHTh qupektopy BBJIBD Kekemumse B.J1.

9. KonTpons 3a HCIOHEHHEM HACTOALIETO MIPHKA3a OCTABIIAIO 32 COBOIA.

Tupextop /ﬂﬂfff 77 AlaA AL+~ A H. Cucaxsn
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First-Friority Tasks for Z007 on FPreparation of the WNICAMIPD Froject
(T heme 21 O6S— 20720y

Tasks Responsible Time of fulfilment
persons
1. Formation of the organizational W R ekelid=e April 2007
struchure of the NICA AP project A Sorin
2. Establislment of the NIC A Center for W R ekelid=e Acpril 2007
immiplemerttation and coordinaton of the A Sorin
MNMICA M P tasks
3. Elaboration of the NICA acceelerator A K owvalenko April MNowvermnber 2007
complex concepton and creation of the [.Meshkow
relevant plwsical and draft projects
4. Elaboration of the conception of Mo Agapow May — MNovernber 2007
development of the engineermg
mirastructure for the NICA accelerator
commplex
5. Organzaton of the work on software of O Rogachewvsky Melay Angust 20007
modelimg and formation of the data basis
needad (including creation of the
mteractive shell NICA M PID-Root
(JIMNRE) on the basis of the MPID draftts
for simulation and analysis of modelad
events)
o Elaboration of the MPD conception and W K ekelid=e April MNowvermnber 2007
preparation of the relevant drafis for S Adfanasiev
simulation of the facility in the oMk atin
NICTA/MPD-Root. Formulation of Ao Malakhow
requirements to baemns
7 Elaboration of programs for O Rogachewvsky Sept. Dracemnber 2007
reconstuction of everits fromm the main
track detactor of the MPD expernient
= Working out the conception of Yu Potrebennikow | May — Movermber 2007
development of the LHE-LPP computer B.Shchinow
chaster for the NICASMPTID Project
=D Formulation of the status of the problem .o Toneaew April MNowvermnber 2007
(theoretcal arguments and experimental
mdications of possible effects of a
mixed phasa) for Letter of Intent
10, Orgmizaton of a workshop on fomaing W K ekelid=e Sept. Dacemmber 2007

a collaboraton and preparing Letter of
[tent

AL Sorin
G Finoeview
T . Halhman
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Search for the Mixed
Phase of Strongly
Interacting Matter

at
Nuclotron-based lon Collider Facility

Dubna, 2007



Nuclotron facility development

« The Nuclotron, & A-GeV synchrotron based on unigque fast-cycling
superferric magnets, was designed and constructed at JINR for five
years (1987-1992) and put into operation in March 1923. The annual
running time of 2000 hours is provided during the last years.

= The MNuclotron cryo-magnetic ring of 251.5 m in perimeter is installed in
the tunnel around the Synchrophasotron base. The Nnecessary
infrastructure for the magnet cooling to 4.5 K exists.

e Jon beams up to krypton and polarized deuterons have been accelerated
and extracted from the accelerator.

e LUnigue technology of highly charged state ion sources (KRION-type)
based on ionization by electron impact is developed. The ions up to Au
have been obtained at the test bench.

= Fast-ramped superconducting magnet technology is at the highest world
level.

MNecessary development of the Nuclotron facility includes the following:

= The KRION ion source development

= Improvement of the Nuclotron vacuum system

= Construction of the new pre-accelerator and booster synchrotron
= Electron cooling system

= Partial modernization of beam extraction line and radiation shield

= Development of cryogenic supply and other accelerator and beam
control and monitoring systems.



NICA/MPD project

Nuclotron-based lon Collider fAcility and MultiPurpose Detector

Building 1b =5

Nuclotron 11g

circwnference - 170 m
maximum dipole field -6 T

magnet style - "'two-in-one”

averaged huninosity - IDZT[:m'

(U+U collisions)

Superconducting collider rings S

Intense beams
from protons to
Uranium with
maximal colliding
energy Vs=9 GeV
(E;zp~40 AGeV)
and L=10%"cm-2s-"

=

E}{isting beam lines Fu.” performance
7 will be reached

in 2013

gl

Cost saving factors: *No new buildings, no additional power lines.

* No extra heat, water cooling power.



The Project NICA/MPD at JINR:
Search for the Mixed Phase of Strongly Interacting Matter

at Nuclotron-based lon Collider FTAcility

AN .Sissakian for the NIC.A collaboration
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The Project Milestones

Stage 1: years 2007 — 2008

- Development of the Nuclotron facility
- Preparation of Technical Design Report

- Start prototyping of the MPD and NICA elements

Stage 2: years 2008 - 2012
- Design and Construction of the Booster Accelerator
- Design and Construction of NICA and MPD detector
Stage 3: years 2010 - 2013
- Assembling
Stage 4: year 2013

- Commissioning



NICA Cost
Estimates ($M)

KRION + HV “platform” 0.25
Injector (IHEP design) 10

Booster 8
Collider 2x10
Total ~ 40

Infrastructure ~12




Required MPD parameters

* ly|<2 acceptance and 21 continuous azimuthal coverage

 High tracking efficiency

« Adequate track length for tracking, momentum measurement and particle
identification

 Momentum resolution Ap/p<0.02 for 0.1< p<2 GeV/c

* Two-track resolution providing a momentum difference resolution of few
MeV/c for HBT correlation studies

* Determination of the primary vertex better than 200um for high momentum
resolution to be able to identify particles from the primary interaction

* Determination of secondary vertices for detecting the decay of strange
particles such as A, K%, =%, Q-

* The fraction of registered vertex pions > 75%

MPD cost estimate ($m) ~ 25

Silicon vertex detector 4.8
Time projection chamber 5.0
TOF Wall 4.5
TOF Barrel 3.0

EM calorimeter barrel 3.5







compression




The main work IS
still ahead!

THANK YOU FOR
ATTENTION!
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