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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 Vsy, = 11 GeV and average luminosity
~ 102 cm? s-1 (for Au’®*), and polarized proton beams with energy
Vs ~ 26 GeV and average luminosity > 103° cm2 s

« design and construction of the MultiPurpose Detector (MPD)



The NICA Project Milestones n

e Stage 1: years 2007 — 2011
- Upgrate 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

J e Stage 4: year 2015
FoR NUCLEAR - Operation
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Nuclotron

Spin Physicg
Detector (SPD)

Existing beam lines

(solid target exp-s) Krion & Linac | LU-20




Scheme of the NICA compex 1

Injector: 2x10° ions/pulse of 17°Au3?*

at energy of 6 MeV/u /\
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 640 MeV/u

IP-1
@

Two superconducting
collider rings

Stripping (80%) 1Y7Au’?* = 197Au7%

RN

@
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)




Joint Institute for Nuclear Research N ICA CQI Iaboration I
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Russian Academy of Science
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Physics, Novosibirsk

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:
| NICA TDR
Fermilab is completed
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Il. Heavy ion physics at NICA

14 APRIL2006 VOL 312 SCIENCE www.sciencemag.org
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Phase Diagram

Yu.lvanov, V.Russkikh,V.Toneev, 2005 MPD Letter of Intend (2007
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The NICA Physics Program m

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

A.N.Sissakian 11



Fluctuations

Lattice QCD predictions: Fluctuations of the quark number
density (susceptibility) at p_B >0 (C.Allton et al., 2003)

Xq (Quark number density
fluctuations) will diverge at
the critical end point

Experimental observation:
* Baryon number fluctuations
» Charge number fluctuations

A.N.Sissakian




Collective flows

Interactions between constituents lead to a
pressure gradients => spatial asymmetry is
converted in asymmetry in momentum
space => collective flows

Non-central collisions

dN 1
B (1 +2v,co8(p) +2v,co8(2p) + )

dyp,dp,dp dyp,dp, 2n

directed elliptic
flow flow

A.N.Sissakian 13



Correlation femtoscopy of identical particles

q=p1- P2, AX = Xi- X;

Co =14 (—1)° < Cos qAz > 1 + Mexp(—RZ, P,

T Rsideqside o Routqou

_ g out9outflong
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Round Table Discussions I, JINR, Dubna, 2005
http://theor.jinr.ru/meetings/2005/roundtable/



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.

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


mailto:tdl@phys.columbia.edu
mailto:sisakian@jinr.ru

- MPD conceptual design -II
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http://nica.jinr.ru

Joint Institute for Nuclear

Hroject acders: A& M. Sissakinn, AN Sarin, V01 Koekallza

Thae RIPID Collalsrnl oo

Kb Ll Ahraamyan., S5 A Banesiev, Mo sfimes, DA rkhbpkin, PLEh Aslamyan., VoA Bahkin
SN Hasyley, I Elaschlke, DN Boecosboasky, 1LV Boerualavakis %% . Borisos, AV Babembes

VoW Chalyeiva, S5 Chormsenke:. 8 F OFepmarnes, WoF Ol s La. A, Ol inaia ko i e
ResearCh LE Chirikov-Eorim, DUE [Dometx, Ko INnvkosw, V.oDmivkow, DRR Drvablow. DD
V. E.Duman L= Efamioe, E.FEooaoe DD Emedjmnoey, 0% Fabeesy Y | Fescbstone
LA e kvnr ik i R TS Fie A Asarnisfkin T T ) R < T ETTE

V.M Jejer, G0 Kekelides, W D ekelideoe, Yo T.Kirvushine Y. Koeks, Vol lookesamikon,
Institute for Nuclear ResearCh 5,08 Korenbmboos, 1R Laxlndtaky, A0 Litvinenks, E.LLisvimemka, 5. Labsstoy, W, 5L Ly
dolaaksrins, YOS s enka, SO bhrabatin. S.v  BRoriimmsmhcein. DO SEeellgeemhiin, Al Sl ala ke
. . 1.0 Bleshkoer, % Blinlkovskl, L Miguline, BOA Solcknneys, S8 Rovchon, Yoo S Sardn
RUSS|an Academy Of SClence G Musalmanksdues, WA MNikitin, A.CObhovaki, ¥ F Petssedoe,  [% . Peshel hoasn
ll--ll Il""'lll'l'\.lll ol Ry _-..'--_' L I"III:"' I'\.II ll- I-I'h.-_'.' II"I"'IIII."'—- l\. -\".J-:".I'Iﬂ:ll:: i. :.\".l'l-.l: SEN |
N FHoopoher=kine, AL B Sadons=ky, 2 Smcdveoyr, S0 Sevvnkoy, 5% Sereeens, BEAG Shechimeons
A ShalEnew, AL LL Sk A0 Slemakian, LY . Skpaey, VUM Skeaaes %l S o e
ALE Sorin, LY . Tervaey, VAV Tiehomiros, W0 Tonsey, G.% . Trubmikosy, LA Tyvapkin,
LA N Tadimarean, S8 WYalpin, YL Yumerth, Yo W, FSanee=ky 5 I Fnntbenks %, & Frmuane

Bogolyubov Institute of :
Theoretical PhySics, NASUk .Illlan:l':l-lr:;1::|r;|:|:.-F:.ll::l!:'-':::I:ﬂn':ulrmlﬁi:l.';'.lrlll.

Vo Adarvesy, MEColubesn, FF.Guber, A P leaskkin, LW EKrocchuck, A B R urepie
T.L.Karnvicksen, & 1 Raew=kmea A0 Foeshetin

Lii=pitiwte Foer DMYoclaane Hosmearch, HasS, HEB
Fo b tiwmes, Wl bFoorotkiki, L lomhtin. Lo % Sdlalimioe AN Aerkim, =50V Ferrislezam ko

Skobeltsyn Institute of Nuclear
PhySics Of Lomonosov MSU, R x !I-;i-:-;:|-|-:;:l:-:::'-ll:llr-lll:l:;::llllrlll;-.-:;;'q;;|-:II|'::|:1-:'|-: Ill":i:l.!:-\.il'l- Pl Stale Liniver=aly

B klkhailes. a1 Shoar s W Savirm ki, S50 ook los
Institute for Thoeorctical Experimmental Physics, BMoscow,. Hassia

Institute of Apllied Physics, o et e et 4 |
Academy Of Science Moldova St.Petersburg State University

M ooy, BOA By
Haogmolyuleoy Dinstitwte for Theoretionl Plhyvsics, MNAS, Ukrabnes

k. K Azuefmana, B0 Hosccn:at
Insticwte of Applicd Physbcs, AS, Dilaldowvn

1. Staamrearos-, 1. CGoshiBaoe
A consortium involving GSI, JINR & |

other centers for IT module developme
& production is created. B I R S S Tty Mesearchs Tussitute for Apparsius

%N M. BEBor=sholons, CF M Listranbembo, & Protsenkbo, LT, Trmcochuak

ML Shummeidos. FoZa=zulin

Signed MoU with GST in July [



Preliminary topics:

(Krisch effect) in elastic reactions

lll. Spin Physics at NICA

Polanzation data has often been the orave-
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their wav they might well ban such measure-
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MMT-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

Spectroscopy of quarkoniums with any available decay modes
Polarimetry



IV. Applied research at NICA

Booster-sinhrotron appliction to nanostructures creations:

/A" Design and parameters of booster, including
Booster 2 wide accessible energy range, possibility of

s the electron cooling, allow to form dense and
. Sy e . ¢ sharp ion beams. System of slow extraction
Z;Ztl;?f Wi . provides slow, prolongated in time ion
. - extraction to the target with space scanning of
ions on the target surface and guaranty high
controllability of experimental conditions.

Sl o .
- Production of
- - - .
nanowires, filters,
el - (- .
nanotransistors, ...
. -
el [ -

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. 20



V. 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 i
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 7 - 11, 2009
http://theor.jinr.ru/meetings/2009/roundtable/




Editorial board:
D. Blaschke

D. Kharzeev
. o SEARCHING [or a QUCD MIXED PHASE at the
A. Slssaklall NUCLOTRON-BASED 1ON COLLIDER FACILITY
. ({NICA White Paper)
A. Sorin

O. Teryaev
V. Toneev
I. Tserruya

http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome
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Visit of D.A.Medvedev to JINR 18.04.08

Hpesnpenty Poccuiickoii ®enepauun
MenBeneBy

- ObbveauHeHHEN HHCTHTYT

) CTOsLIEe BpeMs roCyaapcTBaMH-4IIeHaMH

“0CHOBE OTJENbHBIX COrNIALIEHHH B AeATeTsHOCTH
c'g?e taioke OPL, Benrpus, Mramus, Cep6us u I0xHo-
Adpuxanckas Pe -

Hamiune B / pasBHTOH  MHQpacTpyKTYphl, GoraTslif  OmBIT
COTPYAHHIECTBA C BEAYIIMMH DPOCCHHCKMMH M 3apyGeKHBIMH  HAyuHbIMH
LEHTPaMH 0BeCcIe HITH 5TOM MeXIYHAPONHOH OpraHH3aHE MHPOBOE JIHIEPCTBO B
06nacTH QHIUKH TANENBIX HOHOB HH3KHX sHepruit. B uncTHTYTE paspaboTana n
Mopanepkana BCEMH rocy/lapcTBaMH-WIeHAMH KOHLENUHS PasBHTHA HMeloleics
yCKOpHTeNnbHOH M peakTopHod 6a3sl mo 2015 rogma. Owua [penycMaTpHBaeT
€KEerofHOe YBE/IHIeHHE B3HOCOB CTPaH-YYacTHHL B Giomxet OWSU.,

KimoueBbIM 3BeHOM 3T0H KOHIENUHH SBASETCA CO3NAHHe HOBOH KPYNHOH
YCTaHOBKH Il MCCNEJOBaHMH B 061acTH (H3MKH THXKEIBIX HOHOB BBICOKHX
oHepruii - xommmexca NICA cToMMOCTBIO OKONO 5,5 MIpA.  pyGneii.
OcymecTsneHHE 3TOr0 NpoeKTa MO3BOMHT PasBEpHYTh LIMPOKYIO MpOrpammy
(yHnameHTANBHBIX (H3MYECKHX HCCNENOBaHHH B  oGnacTH HE[OCTYIHEIX
HA CErONHAHMH NEHbL SHepruii M Macc B3aHMOJEHCTBYIOMMX YacTHI, HTO
N03BONAT POCCHH CTaTh JMAEPOM B 310 061aCTH.

Obpamaemcs k Bam, yBaxkaeMpbrit Jmutpuit Anatonsesny, ¢ npocsGoii:

- moanepxark co cropork! Poccuiickolt Mefepanuyn HaMeueHHEe exerogHble
B3HOCH B .610mxer OMAM Ha nepuon no 2015 roaa;

- PacCMOTPETE BO3MOXHOCTh LieleBoro (uHaHCcHposanus mpoekTa NICA B
pamkax (DefepanbHOH NMpOrpamMMsl (YHAAMEHTANBHBIX HAYYHBIX HCCHENOBAHHH
Ha 2008-2012 rogsl.

IyGepnaTtop Mupexrop OUAH,
MockoBckoii o6aacTu YiaeH-Koppecnonaent PAH

g Citts A.H. Cucaxsn

MPABWTENLCTBO
MroKEBCKOR 06NacTH

TioAneMAT i
21 ATP 200 so3BpaTy 8 KaHUshApRy
n .

nenve
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