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NICA White Paper

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

The final goal of the NICA White Paper is to address 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

http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome
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KX[l MAaTEPHA M NOMCK BOIMOMHEIX NpoRBAEHWA

06PAICRAHMA CMEWAHHOR DATel U KDUTHYRCKOR
TOUKM @ CTONKHOBEHMAX TAMENLE HOHOR

MEMOPAHIVM
CoemectHOro cemnHapa HI3®-OHAH
HHCTHTYT Te0peTHICKOH H 3KCNePHMEHTATEHO GHInKH Pemenne
27 man 2009 roga, r. Mockea OCKOBCIKOTD CEMPRANE Mo [

VEACTHHKE CeMITHAPA 22 CTYINANH JOKAATLL
AH. Cacakas “VcKopHTeIBHENT KoMmaexe NICA: cTaTyc H mepcmeKTHREI".
E.IO. llapkoe “HoEkle B0IMOAKHOCTH YCKOPHTEeH 118 HOCTeI0BAHIA
BeIecTBa IKCTPeMAILHBIX YCI0BHAX .
H.H. Memxkor “Koanaiineps: Taaémsix noros RHIC n NICA: craryc n
NepCIeKTHBE!
B.]T. Toneen “®m3nKa THALILX HOHOB HA YCKODHTEILHOM KOMIIEKCE
NIC

OTvedensr:

1) AKTYaJLHOCTS H BOIPACTANMAA NPHBICKATENLHOCTh HCCTENOBaHMIl
TAKETONOHHLIX CTONKHOBEHNIT B AHaNa30He 5Heprui VsNN ~4 — 11 I'>B zaa
(YHIIMEHTANLHEIX TIPOGIeM TIONCKA HOBBIX COCTOSHEI A1epHOI MaTepnn o
HIYMEHNS POIECCOR FKCTPEMATLHO BLICOKIY LIOTHOCTei;

2)" nporpecc B pasenTnm mpoexta NICA, DOIY4HBIIEro MHPOKYE
MeXIYHAPOJHYI0 H3BECTHOCT H BLICOKYIO OIEHKY ABTOPHTETHBIX JKCIePTOB
MEPOBOTO YPOBHS;

3) lammTepecopanHocTh cmenmammeros HT3® B aKTHBHOM ydacTmm B
comMecTHBIx ¢ OHAH paGorax no npoexty NICA;

4) mHeoGXomMMOCTH Goee TecHOll KOOMEDAINMH B pemIeHNH TpoGiem,
NpeICTABISIOMAY BIAHMHBII HHTepec, BRIIOYAs OPTAHH3ALMIO ACCONHALNH
(xoncopumyma, coofmecTsa) mo HCCAeJOBAHHIO SKCTPEMATBHBIX COCTORHHI
BeIlecTBa H (ha30BLIX NPeBPaNIeHH i B HOHHBIX CTOIKHOBEHHAX.

CoOpYKOBOZHTE/IH CeMHHAPA:
A H.Cucaxas B.H.3axapor
axagempk PAH mpodeccop
VaacTHHKE ceMHHApa:
B.HO.IIapkoe H.HMemxop AE Kaiinaxos
-OPPeCIOHICHT “WIeH-KOPPECHOHACHT  WI¢H-KOPPecnoHAeHT
PAH

Copua B.1.Toneer AJLKoBameHKO I.B.Tpy6Hnkoe
npodeccop npodeccop npodeccop iy

Round Table Discussions I, II, IlI, IV...

JINR, Dubna, 2005, 2006, 2008, 2009...
ITEP-JINR seminar at ITEP, 27.05.09 All Moscow-JINR seminar at INR, 27.03.08




Nuclear matter physics at NICA
Peter Senger
Helmholtzzentrum Heavy lon Research, GSI Darmstadt, Germany

nuclear EOS at high densi- |proton flow, A, =, Q Silicon tracker, TPC, TOF
ies
deconfinement phase tran- |excit. funct. of yield and flow of |Silicon tracker, TPC, TOF
sition, phase coexistence M, =, €. I
strange matter multi-strange short-lived objects |Silicon tracker, TPC, TOF
(decay into A, =, Q)

hiral phase transition, dileptons (e+e-)
hadrons in dense matter

- Most interesting scientific questions with a basic version of the MPD:
magnet, TPC, Silicon tracker and TOF detector; upgrade: electron detectors
- NICA/MPD part of worldwide program exploring the QCD phase diagram at
high densities: AGS, SPS, NAG61/SHINE, GSI/SIS18 --> RHIC, FAIR, NICA
- Problem for STAR @ RHIC: low luminosity, limited beamtime
- Virtues of NICA:
- high luminosity at high baryon density-->multidifferential observables
- collider exp. with uniform acceptance, almost independent of energy
- MPD @ NICA and CBM @ FAIR: complementary measurements, joint R&D




MEMO production at high baryon densities
Marcus Bleicher & Jan Steinheimer
FIAS & J.W.Goethe University Frankfurt (Main), Germany
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- Production of multi-strange metastable objects (MEMOs) explored in Pb+Pb
reactions at 30 AGeV within coupled transport-hydrodynamics model

- Predictions for yields & particle-dependent rapidity and momentum distributions

- Excitation functions show clear maximum in the energy range of NICA and FAIR
which are therefore the ideal place to study the production of these MEMOs



Transitional change to baryon-rich QCD matter at NICA energy
Kenji Fukushima
Yukawa Institute for Theoretical Physics,
Kyoto University, Japan

See also arxiv:1006.2596

,Phase diagram of hot and
dense QCD constrained
by the statistical model”

(Polyakov-loop NJL model)

“... the collision energy Vs NN = 8 GeV is a threshold below
which abundant baryons can emerge. Such baryon dominant
matter yet below deconfinement could be identified with so-called
Quarkyonic Matter. NICA would be an ideal facility to probe such
an onset to enter the baryon-rich regime of QCD matter.”



Triple point and quarkyonic matter in the QCD phase diagram
Larry McLerran, Krzysztof Redlich and David Blaschke,
BNL Upton, USA; U Wroclaw, Poland; JINR Dubna, Russia

Hadronic

Liquid-Gas

F @ Data {fits)
hadron gas
ne=0.12fm~ _
£=500 MeVAm”

Based on A. Andronic et al.
Nucl. Phys. A 837. 65 (2010)
[arxiv:0911.48006]

The NICA (and CBM) energy range (green ellipse)
covers chemical freeze-out parameters in the QCD
phase diagram from the fit of hadron production
with the statistical model which lie in the transition
from meson-dominated to baryon-dominated

freeze-out.

Here we expect the suggested transition from a
hadronization out of the Quark-Gluon Plasma to a
hadronization out of the ,Quarkyonic Phase”, i.e.,
where three phases meet in a , Triple Point*:
QGP, Hadronic and Quarkyonic Phase!




Importance of third moments of conserved charges in HICs
Masayuki Asakawa

Osaka University, Japan

Third moments of conserved charges
(derivatives of susceptibilities)

where Nc with c=B,Q are net baryon and
electric charge numbers in a volume V.

E denotes the total energy, dNc=Nc- <Nc>,
dE=E - <E>. Mixed moments accordingly.

=
a
=
=
P_

Regions where third moments take negative
values in the T- mu_B plane are strongly
correlated with the suspected phase transition

Establishing negativeness of third moments in experiment is evidence for:
(1) existence of peak structure of susceptibilities in the QCD phase diagram
(2) realization of hot matter beyond the peak, i.e. the QGP, in heavy-ion collisions




Baryon stopping in heavy-ion collisions at E=2-160 GeV/nucl.
Yuri B. Ivanov
Kurchatov Institute Moscow, Russia & GSI Darmstadt, Germany

Irregularity in the energy dependence of — gédr:-lgog |
the curvature Cy of the proton spectrum . oxp. fit
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The ,wiggle® in Cy(s) is the characteristics
of a first order phase transition in the EoS

- The ,wiggle“ in energy dependence of the curvature Cy of the proton
spectrum occurs between AGS and low SPS energies

- It is characetristic for a 15t order phase transition (, mixed phase®) behaviour !

- NICA @ JINR and CBM @ FAIR will cover the relevant energies to confirm or
reject this observed trend in the experimental data




Flow scaling in a low-energy collider:

When does the perfect fluid turn on?
Giorgio Torreri
FIAS and University Frankfurt, Germany; Columbia Univ., USA

RHIC found remarkable scaling laws indicating ,perfect fluid“ - minimal viscosity!

mid-rapidity dN/dy vs. energy dN/dy away from y_beam - limiting fragmentation
Y ﬂ ; 1001 . ’

Bu+Au Cu+Cu n
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- Establish a lower limit for the onset of the hydro scaling in HIC experiments!
- Collider for scanning energy and rapidity below RHIC energies: NICA optimal!




Chiral vortaic effect and neutron asymmetries at NICA
Oleg Rogachevsky, Alexander Sorin and Oleg Teryaev

JINR Dubna, Russia

Both, chiral magnetic effect (CME) and chiral vortaic effect (CVE) belong to the class
of effects based on the triangle anomaly in QFT. CVE is a generalization to conserved
charges other than the electric one. In case of baryon charge and chemical potential, it
should manifest itself by neutron asymmetries, observable at NICA/MPD !

Ausu s o =9 GeWV
UramMpD 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! o 920 38740 S0 e 70 80
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Development of highly charged ion sources for NICA injector &
possible applications for nanofabrication and in medicine
D.E. Donets, E.D. Donets, E.E. Donets, V. Salnikov, V. Shutov

Kurchatov Institute Moscow, Russia & GSI Darmstadt, Germany

Novel type of highly charged ions sources — Electron String Ion Sources (ESIS) is under
1'|_1""-.'-:'-.||'-']‘.-1II-:'-1'|r in JINK In framework of N H::.I."IL ]'H'-;'rjli'l"1 . This ion EOUTCES ]':-1'1':--;'|_I.l.1"|:' intense beams of
highly charged ions of heavy elements, up to gold. Two major applications of this ion sources:

for nanofabrication and for cancer therapy are briefly discussed.

1 Production of nanostructures by slow highly charged ions for information
storage and processing at nanometer range

2 Resonant combination cancer therapy — newly proposed method with
use of highly charged ion source of highest intensity

Basic and applied researches with highly charged intense ion beams of heavy elements,

produced with ESIS-type ion sources have a very wide area for applications in nano

sceiences and medicine. lon source development program in framework of the NICA

yroject has a preat potential for various nonaccelerator applications as well.
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