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|. Status of the NICA project at JINR

The main goal of the NICA project is an experimental study of

hot and dense nuclear matter and spin physics

These goals are proposed to be reached by:

- development of the Nuclotron as a basis for generation of intense
beams over atomic mass range from protons to uranium and light
polarized ions;
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« design and construction of heavy ion collider with maximum
collision energy of Vsyy = 11 GeV and average luminosity
~ 10%” cm2 s (for Au”®*), and polarized proton beams with energy
Vs ~ 26 GeV and average luminosity > 103° cm2 s-1

 design and construction of the MultiPurpose Detector (MPD)


                     


The NICA Project Milestones

e Stage 1: years 2007 — 2011
- Upgrade and Development of the Nuclotron
- Preparation of Technical Design Report of the NICA and MPD
- Designing MPD and NICA elements

e Stage 2: years 2010 — 2013
Manufacturing and mounting NICA and MPD

e Stage 3: year 2014
-Commissioning

JOINT INSTITUTE

| e Stage 4: year 2015
FOR NUCLEAR - Operation

RESEARCH



                     


The Basic Conditions

for the Project Development
1. Minimum of R & D

2. Application of existing experience

3. Co-operation with experienced research centers

4. Cost: as low as possible
5. Realization time: 6 — 7 years

Consequences

1. Choice of an existing building for dislocation of the collider
2. Collider circumference is limited by ~ 250 m
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Scheme of the NICA compex

Injector: 2x10° ions/pulse of 17°Au32*

at energy of 6 MeV/u /P—\
Booster (25 Tm)
1(Z-3) single-turn injection,
Collider (45 Tm) storage of 2 (4-6)x10°,
Storage of acgeleration up to 70 MeV/u,

17 (20) bunches x 1-10° ions per ring

at 1-4.5 GeV/u,

electron and/or stochastic cooling

electron cooling,
acceleration
to 600 MeV/u

IP-1
o

Two superconducting
collider rings

Stripping (80 %) 197 Au3+ = 197Au7*
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IP-2

2x17 (20) injection
cycles

Nuclotron (45 Tm)
injection of one bunch
of 1.1x10° ions,
acceleration up to
1+4.5 GeV/u max.

\/\

Bunch compression (RF phase jump)
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Institute for Nuclear Research
Russian Academy of Science

Institute for High Energy Physics,
Protvino
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Conceptual Design Report

ITEP
All-Russian Institute for Electrotechnique

Corporation “Powder Metallurgy” (Minsk,
Belorussia):

MoU with GSI

http://nica.jinr.ru
FZ Jiilich (IKP)

BNL (RHIC) May 2009:
_ the first draft of
Fermilab the NICA TDR

is completed
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Phase Diagram

Yu.lvanov, V.Russkikh,V.Toneev, 2005
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The NICA Physics Program

Study of in-medium properties of hadrons and nuclear matter equation of
state including a search for possible signs of deconfinement and chiral
symmetry restoration phase transitions and QCD critical endpoint

Experimental observables:
Scanning in beam energy and centrality of excitation functions for

& Multiplicity and global characteristics of identified hadrons including
(multi)strange particles

& Fluctuations in multiplicity and transverse momenta
& Directed and elliptic flows for various indentified hadrons
& particle correlations

& Dileptons and photons

11



From: "T.D. Lee" <tdl@phys.columbia.edu>

To: "Sisakian A.N." <sisakian@jinr.ru>

Sent: Wednesday, January 14, 2009 7:01 PM

Subject: Comment on the goals of the NICA heavy ion collider

Dear Prof. Sissakian:

The NICA heavy ion collider will be a very major step towards the
formation of a new phase of quark-gluon matter.

The goal of relativistic heavy ion physics is to modify the properties
of the physical vacuum. Of particular interest is a possibility to create
a phase of quark-gluon matter where some of the fundamental
symmetries may be altered. Recent RHIC results indicate that there may be an evidence of parity
violation (on an event-by-event basis) in heavy ion collisions at high energies. It would be of great
importance to search for this phenomenon in the energy range covered by the NICA collider
where a high baryon density is reached.

Wi

I am very much looking forward to the completion and future success of the NICA heavy ion
collider. Warm regards and very best wishes,

T.D. Lee

T.D. Lee

University Professor

Dept. of Physics - MC 5208
Columbia University

New York, NY 10027



Highlight of the Round Table lII:

D.Kharzeev on the chiral magnetic effect:

® Quantum anomalies play an important role in
the bulk properties of hot QCD matter

® Scale anomaly induces a sharp peak in bulk
viscosity at the QCD phase transition

® Axial anomaly and sphalerons may induce an
event-by-event P and CP violation

€ All of this can be studied at NICA




- MPD conceptual design -
FSA TN @




Tuble 1.1: Caleulated by UrQMD the mean particle multiplicitiy in central Au+Au events (impact
parameter b < 3 fm).

UQMDNICA / ... Part, 1GeV 7GeV 11 GeV
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Fig. 1.5: Pseudorapidity distributions of charged particles in central Au + Au collisions (b < 3
fm) calculated by UrQMD,
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Table 1.2: Properties of the hyperons accessible through their decays into charged hadrons. Mul-
tiplicity of the hyperons is caleulated by UrQMD for central Au+Au collisions at Jsyy = 7
Gel.

Mass Lifetime | Multiplicity | Decay BR(%) Geometry — ac-
(GeV/e?) | er (em) channel ceptance (%)
[p| = 0.1 GeV /e
-1l <y<1
63.9 16

99.9 3

(7.8 9
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Spin Physics at NICA

Polarization data has often been the grave-

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

J.D. Bjorken, 1987

Preliminary topics:

= DY processes with L&T polarized p & D beams:
extraction of unknown (poor known) PDF

= PDFs from J/y production processes

= Spin effects in baryon, meson and photon productions

= Spin effects in various exclusive reactions

= Diffractive processes

= Cross sections, helicity amplitudes & double spin asymmetries
(Krisch effect) in elastic reactions

= Spectroscopy of quarkoniums with any available decay modes

= Polarimetry




Experiments on DY measurements

Experiment

E615

NA1O
E886
RHIC

PAX
COMPASS
J-PARC

SPASCHARM

NICA

Status

Finished

Finished
Running

Running

Plan > 2016
Plan > 2010

Plan > 2011

Plan?

Plan 2015

PENEIE

Only unpolarized DY

Only unpolarized DY
Only unpolarized DY

Detector upgrade for DY measurements
(collider)

Problem with p  polarization (collider)
Only valence PDFs

low s (60-100 GeV?2), only unpolarized
proton beam

s ~ 140 GeV?2 for unpolarized proton beam

s ~ 670 GeV?2 for polarized proton beams,
high luminosity (collider)

18



Applied research at NICA

Booster-sinhrotron appliction to nanostructures creations:

" Design and parameters of booster, including
~ wide accessible energy range, possibility of

A7 the electron cooling, allow to form dense and
' Ly it , ¥ sharp ion beams. System of slow extraction
R/ RN provides slow, prolongated in time ion

: LI extraction to the target with space scanning of
ions on the target surface and guaranty high
controllability of experimental conditions.

- 2 . Production of
- e q .
nanowires, filters,
et e It .
nanotransistors, ...
- e
o — -t

lon tracks in a polymer Topography and current of a diamond-like carbon
matrix (GSI|, Darmstadt)] (DLC) film.The 50 nm thick DLC film was

irradiated with 1 GeV Uranium ions. 19



NICA and Space Radiobiology « " .

Consequences of action of Galactic

heavy ions for Mars mission:
* Induction of cancer;
** Formation of gene and structural mutations;
** Violation of visual functions:
* lesions of retina;
s cataract induction;
** Violation of nervous system function.

Elreic anengy [Vl emeckean|

Energetic specirum of Galactic
heavy ions




Concluding remarks

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 lli

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/




MEMOPAHIYM
Cosmectroro cemnmapa HT3®-OHAH
HHCTHTYT TeOPeTTeckoii I IKCIEPAMEHTATLHOI PIHKE
27 mas 2009 roaa, r. Mocksa

V9aCTHHKH CeMHHAPA 32CTYIIATH JOKIALI:

H. Cncaxsin “YckopaTersusii Kommiexe NICA: CTaTyc u nepcnextassr”.
B.1O. lapkos “HoBble BO3MOKHOCTH YCKOPHTEeH 115 HCCTeT0BAHMS
BeIIeCTBA 3KCTPeMa/IEHEIX YCI0BHAX .

H.H. Memkoe “Konnafineps Taxénsix nonos RHIC u NICA: craryc B
OEPCIeKTHBED

B.J. Tonees “PH3NKA TAKEILIX HOHOB HA YCKOPHTEILHOM KOMILIOKCE
NICA™.

OrMedeHbl:

1) AKTYAJBHOCT: H BO3PACTANMAA NPHBJICKATEIRHOCT: HCCTeAOBaHHIL
THKeTONOEHBIX CTOIKHOBEHHH B AIANA30He 3Heprail VsNN ~ 4 — 11 3B aas
(YHIaMEHTATBHELX TPOGIeM IONCKA HOBBIX COCTOAHMI AIePHON MaTepmm n
H3YH4eHNA NPONECCOB IKCTPEMATLHO BBICOKAX INI0THOCTE;

2) nporpecc B paiBATHH npoekTa NICA, NOIYYHEMEro ITAPOKYI0
MEXIYHAPOTHYI0 H3EECTHOCTE H BHICOKYIO ONEHKY aBTOPHTETHBIX IKCIIEPTOB
MHDOBOTO YPOBHS;

3) sammTepecopamHocTh cmenmanncToR HTJ® B aKTHEHOM YYacTHH B
coBMecTHBIX ¢ OFLAH paGoTax mo mpoex

4) meofXomNMOCTH GoNee TecHON KOOMepANNH B pemeHAN TpoGTeM,
OPeACTABRIARMAY EIANMHEIT HHTepec, BKII0YAA OPTAHMIANMIO ACCOMHALINE
(KOHCOPUHYMa, C00SMECTBA) M0 HCCAEIOBAHHE YKCTPEMATBHEIX COCTORHMIT
BemecTBa I (pa30BLIX OPEEPALIEHNI B HOHHLIX CTOIKHOBEHHAX.

CopyxonoauTenn cevmumapa:
AH.Crcaxsn B.H.3axapos
axagesmk PAH npodeccop

‘aacTHEmKH ceMmHApa:
B.IO.Iapkos H.H.Memxon ABKaitzanon

IeH-KOPPEeCHIOHIeHT LIeH-KOPPECHOHACHT  <UIeH-KOPPecnoHIenT

A.C.Copun B.LToneer AT Kopanenxo I.B.Tpy6unxos
npodeccop mpotgeccop npodeccop KpMH

ITEP-JINR seminar at ITEP, 27.05.09

Round Table Discussions |, Il, lll, IV
JINR, Dubna, 2005, 2006, 2008, 2009
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All Moscow-JINR seminar at INR, 27.03.08




Editorial board:
D. Blaschke
D. Kharzeev

. . SEARCHING for a QCD MIXED PHASE at the
A. Sissakian NUCLOTRON-BASED 10N COLLIDER FACILITY

A. Sorin (NICA White Paper)
O. Teryaev

V. Toneev

I. Tserruya

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



NICA White Paper

SEARCHING for a QCD MIXED PHASE at the
NUCLOTRON-BASED ION COLLIDER FACILITY

In particular, NICA White Paper should help clarifying the
following key topics:

» Phases of dense QCD matter and conditions for
their possible realization

» Characteristic processes as indicators of phase
transformations

» Estimates of various observables for events

« Comparison to other experiments



Round Table 1V and the NICA White Paper

85 authors 39 scientific centers |in

from

16 Countries (8 JINR members) ‘

Arizona State University, USA University of Oslo, Norway

Los Alamos National Laborator

University of Illinois, USA

Wayne SU, USA

LBNL, USA

BNL, USA

Ohio SU, USA

BITP, Ukraine

INFN, Italy

SISSA, Italy

University of Catania, Italy

University of Trento, Italy

University of Florence, Italy

University of Barselona, Spain

University of Coimbra, Portugal

Mateja Bela University, Slovakia

Wroclav University, Poland

Jan Kochanovski University, Poland

Variable Energy Cyclotron Centre, India

University of Cape Town, South Africa

JINR Dubna

National Laboratory of Heavy Ion Accelerator, China

Kurchatov Institute, Russia

Lebedev Institute, Russia

St.Petersburg SU, Russia

ITEP, Russia

INP MSU, Russia

MEPhRI, Russia

INR, Russia

Tel Aviv University, Israel

Weizmann Institute, Israel

GSI, Germany

University of Bielefeld, Germany

University of Giessen, Germany

University of Frankfurt, Germany

Institute of Applied Science, Moldova
Tsinghua University, Beijing, China

Institute of High Energy Physics, China

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






Nuclotron-M Machine Advisory
Committee and Honorary guests
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L Visit of the GSI director Prof. Stoecker to JINR
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President D. Medvedev visits JINR
on 18 April 2008

JINR NEWS

JOINT INSTITUTE FOR NUCLEAR RESEARCH

CrneuBpbInyck
Special Issue

IYBHA

2008

On 18 April, President-elect of the
Russian Federation Dmitry
Medvedev chaired in Dubna a
session of the Presidium of the
State Council which discussed the
issue  “Development of the
National Innovation System in the
Russian Federation™.
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DIAS-TH: Dubna International Advanced School of Theoretical Physics
Helmholtz internatlonal Sumrner School

Dense Matter N

Heavy lon Collus:ons and Astrophysics
Bogoliubov Lak to(y of Theoretical Physics
Rusma .Julyr 14 26, 2008

- TOPICS: ' ORGANIZERS

. . J. Wambach (GS! TU Darmstadt)
- V. Vo
- ©. Blaschk NR U Wroclaw)

| - Hadrons in the Mgdium
’ - Equation of state and
Phase Transitionis

“sdran Production and

= ;0%‘9 !:2 ﬁolliaiuns LOCAL ORGANIZERS:
riveYe g oI
4

E hmelzer (U Rostock, JINR)
\-" Zhuravley (JINR) /
- V. Skokov (sc. secreta NI

& Dolya (sccretary, JI E}

- Helmholtz Association

- Helmholtz Centers
DESY and G

- Joint Institute for
Nuclear Research

- Russian Foundation for
Basic Research

' MOCKOBCKUM
. UHKEHEPHO-PU3UYECKMIA MHCTUTYT
' (TOCYAAPCTBEHHbIA YHUBEPCMTET)

BBeoeHue B puU3nKy
TAXenbIX MOHOB
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Welcome to the
School
“Dense matter in HIC”, August 16 -22, 2010
and

Conference

“Critical Point and Onset of Deconfinement”
August 23 - 29, 2010
JINR, Dubna
http://theor.jinr.ru/meetings/2010/




Welcome to the

FOR NUCLEAR
RESEARCH
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Heavy 1on ACCelerators

G5 515-18 (2:2.5)
(CERN LHC (3400
CERN SPS (5:20)

JINR AT (2:4
BAL RHIE (20-200) '

BNL AGS (2.5:5) '

L

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

Over the last 30 years a lot of efforts have been made to provide the conditions for
searching for new states of strongly interacting matter under extreme conditions.

Synchrophasotron: Ej:; ~ 4.2 AGeV (syy = 3GeV)
1971 - 1999, pioneering experiments in the field of relativistic
nuclear physics.

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

| SPS:Eg, ~ 158 AGeV (s, =18 GeV)
1986- up to now,
stucly of compressed baryonic matter.

RHIC: ‘-"'$NN = 200 GeV (Ejan ~ 80000 AGeV }
1996 - ub to now.

LHC: “'sun = 5600 AGeV (E,, ~ 6.3-107 AGeV)
2009 - planned

SIS 300: (FAIR GSI) E,, ~40 AGeV NICA: “/s,y: ~ 11GeV (E ,,~ 60AGeV

(IS = 8.5 GeV), full performance will be reachedin 2015
full performance will be reached in 2015, search for the mixed phase of strongly
stucly of compressed baryonic matter. interacting matter.
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