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SEARCHING for a QCD MIXED PHASE at theSEARCHING for a QCD MIXED PHASE at the
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•• PhasesPhases ofof densedense QCD QCD mattermatter andand conditionsconditions forfor
theirtheir possiblepossible realizationrealization

•• CharacteristicCharacteristic processesprocesses asas indicatorsindicators ofof phasephase
transformationstransformations

•• EstimatesEstimates ofof variousvarious observablesobservables forfor eventsevents

•• ComparisonComparison toto otherother experimentsexperiments

The final goal of the NICA White Paper is to address the following key topics:
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Nuclear matter physics at NICA
Peter Senger

Helmholtzzentrum Heavy Ion Research, GSI Darmstadt, Germany

- 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, NA61/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

- 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

“… the collision energy √s_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.“

See also arxiv:1006.2596

„Phase diagram of hot and 
dense QCD constrained
by the statistical model“

(Polyakov-loop NJL model)



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
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Based on A. Andronic et al. 
Nucl. Phys. A 837. 65 (2010) 
[arxiv:0911.4806] 

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. 

.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
the curvature Cy of the proton spectrum
as a function of the (dimensionless) 
rapidity (y-y_cm)/y_cm

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 1st 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

- 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 ! 

Observable: three-particle correlator:

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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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
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