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Phase diagram of nuclear matter

*ρ/ρ0»1, T/T0«1(DenseColdMatter): rich structure of the QCD 

phase diagram - new phenomena are expected!

**Diagram study not finished-additional new

phenomena can be found
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Ref.: Pagliara

*Correlations between signatures could be a signal of the two phase 

transitions as the density increases and the temperature decreases
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***Region ρ/ρ0»1, T/T0«1(DenseColdMatter) hardly 

accessible experimentally by standard way
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Equation-of-state with and without phase transition

Y. Ivanov, CPOD2010



****New phase expected to be a small effect – trigger

(selection criteria) 
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*****New phase hardly to be expected as long lived one even 

for Au+Au collisions
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Main idea: to select events with dense matter droplet

in the final state with rare cumulative trigger

Possible solution for the study of the region 

ρ/ρ0»1, T/T0«1(DenseColdMatter) : 

high pt flucton-flucton interaction
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1966 G.A. Leksin: pC →p(137°)X @ 1.0, 6.0 GeV
no peaks from pd-, pt-,pHe-… reactions in inclusive spectra.
the protons spectra beyond NN kinematical limits

1970 A.M. Baldin, V.S.Stavinskiy :
a) Particle production  in AA → superposition of N+N, N+2N, 
2N+N…
b) iN+jN subprocess follow the scaling (the same x-dependence 
as for N+N int.) 

1) X>>1
2) bik>>1
3) r~rh

Cumulative effect



A lot of data have been accumulated at JINR , see for example

A.M.Baldin et. al.,Sov.J.Part.Nucl.,8(1977)175; 

JINR comm.E1-8054,Nucl.Phys.A434(1985)695.

V.S.Stavinsky, Sov.J.Part.Nucl.,10(1979)949;
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N/Z

u/d

For isotopic effects see, also Yad.Fiz. 59 4 694 (1996) 

Some important JINR results:

•A-dependence

•Isotopic effect

•Spin effects
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Cumulative particle production

D

N

D N

L. Frankfurt and Strikman 

Phys. Let. 76B,3 (1978)

p2 p2

Np1
Np1

K K

M. Braun and V. Vechernin, 

Nucl. Phys. B 427, 614 (1994)
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FAS @ ITEP

(Boyarinov et.al

Yad.Fiz 57

(1994) 1452)

X – minimal target mass [ mN ] 

needed to produce particle

π
π-

π±

•Multinucleon effect

•Locality

rf~1-1.5fm
A.S.et al., Phys.Rev.Lett. 93,192301 (2004)
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CLAS e-A→e-X @~4 AGeV

K.S. Egiyan et al. Phys. Rev. Lett. 

96, 082501 (2006) хВ=Q2/2mNυ

•No rescattering

a2N ,

%

a3N ,

%

(a2N )2,

%

3He 8.0±1.6
0.18±0.

06
0.64

4He
15.4±3.

3

0.42±0.

14
2.4

12C
19.3±4.

1

0.55±0.

17
3.7

dramatic decreasing 

of the cross sections with N-

max N~4 
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aA(flucton) Nmax ~ 4

Possible solutions :

Fragments

Lower initial  energy   

not only formally large cumulative 

number, but also 

bik»1(A.M.Baldin)

AA(flucton+flucton): Nmax~7-8
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,,o,… high pt

А2

Fluctons

Dense baryon system

А: С,Ве,Не,…

А1
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Fig.ref.:CERN Courier
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number of 

particles
Size(r), fm

free path, 

(l)fm

Heavy 

Ions: 
1000 10 1

flucton-

flucton
10 1 0.1

Criterium: r»l
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flucton+nuclon

nuclon-nuclon

flucton+flucton

(Nuclotron-M/NICA)

He+He @ 6 AGeV
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FLINT@ITEP:
12С + Ве→ γ + Х

40-70°

Target

Synchrotron 

Magnets

Calorimeter

run 2007 2010

calorimeter ~50 modules ~125 modules

beam+target Be+C  EK=3.2

АGeV

Be+C  2,0, 3.2, 

4.0 АGeV

intensity ~107N/spill ~2*108N/spill

trigger E>1GeV in any 

glass block
Different 

triggers

exposition 1day 20days

Data ~750К events ~10M events
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An estimate of  

baryon density

A.Stavinsky.et al., Phys.Rev.Lett. 

93,192301 (2004)

rf~1-1.5fm
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FLINT II

Clusterization (close in momentum space)

Femtoscopy (close in coordinate space )

Trigger

Isosymmetrisation (p/n, π+/π− c.s. ratios)

Strangeness              (SU(3) symmetry restoration)

Vector mesons          (vector/scalar meson ratio increase)

Exotic                         (Pauli principle →(qqqqs), (qqqqqqqs))

…
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FLINT II set up(project) 

for TWA and Nuclotron M
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Time resolution 0.15ns
Neutron efficiency ~ 20%
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Neutron detector for 

FLINT

First prototype: 

Plastic Scintillator 96 * 96 * 128 mm3

Fiber: KYRARAY,Y-11,d =1mm, 

4 MRS APD & Amplifier - CPTA(Golovin) Matrix for FLINT 6x6=36

Matrix for NICA ~3000
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Neutron detector for 

FLINT(beam test June 

2009,preliminary results)
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Rate estimate (preliminary)

Estimated possible data sample  (based on ITEP experimental data):

ITEP:106sec*107int/sec*0.2ster ~5*103events (CC) for Q1+Q2~5.5 

current experiment (see next report by G.Sharkov for FLINT collaboration)

Nuclotron-M: 106sec*108int/sec*0.3ster ~104 events (CC) for Q1+Q2~6

dedicated experimental set-up, large beam intensity and close to optimal initial 

energy(upper limit of Nuclotron M)

NICA: 106sec*105int/sec*10ster ~3*103 events(CC) for Q1+Q2~5.5

~4π detector (correlations), close to optimal initial energy(lower limit of NICA)

CBM@SIS100: 106sec*108int/sec*10ster ~104 events(CC) for Q1+Q2~6.5

large universal detector +beam intensity
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The Status of CBM at FAIR 

Peter Senger, GSI,
16CBM-collaboration meeting,

27.9-1.10.2010,Romania
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Dense baryon system region for 

T/A =6.0 GeV



DCM @ NICA

Detector

\

Task

ECAL

(trigger)

Neutron 

detector
TOF Magnet

Vertex 

detector

Tracking 

detector

Trigger ●

Cluster ● ● ● ● ●

Femtoscopy ● ● ● ● ●
Isosymmetri-

sation ● ● ● ● ● ●

Strangeness ● ● ● ● ● ●

Vector mesons ● ● ● ● ●

Exotics ● ● ● ● ● ●
Multi-bosons/

fermions ● ● ● ● ● ●
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Conclusion

1. New phase diagram sector proposed for the 

study. It potentially create new wide experimental 

program.

2. Possible trigger is proposed; its efficiency is under 

experimental test

3. A lot of work must to be done-cooperation are 

welcome. 
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Extra slides
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A rendition of the structure 

and phases of a neutron star 

(courtesy of Dany Page)

nucl-th/0901.4475

The discovery of neutron stars in the 

form of pulsars 

has been a major stimulus to dense 

matter studies

Observables:

gravitational red shift

central density of the star

moments of inertia

pulsar timing

These informations can be inferred from 

the photons, randing from the radio 

waves to X-rays, and also those 

involving neutrinos and gravity waves

[T.K.Jha,nucl-th/0902.0262]



Outlook

• Physical motivation

• Program status @ FLINT

• Future with FAIR-CBM, NICA-MPD 

• Conclusions
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1970 2000 2015

Where is MPD NICA ?

Methodic level, theory

Energy range

New energy range for present day detectors & theory!
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Arguments for FF: slope parameter(see figure)      

(also min (Ni+Nj)&angular dependence)

•2+3 !

•Т0exp=113±10 МэВ

Δр(X+1 ), 

МeV

Т0, 

МeV

1N+jN 140±20 20±3 

iN+2N 160±80 23±11 

2N+jN 570±70 81±10

Т0±σ(E), 

МeV

~ 34±4

~ 36±15

~ 85±11
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Results(2008)

1N+1N 2N+2N

T0=113±10 МэВ1
/E

A.Stavinskiy,8.10.2010,IBS-XX,Dubna



08.10.2010
41

How many constituents needed

to say about matter?

FLINT-2008

1000-100-10? 

It depends on density!
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FLINT subsystems

VETO
ECAL

matrix 8x8

100x100x380 mm3

Lead glass F8

ρ=3.6g/cm3

Xrad=3.1cm

RM=3.6cm

Mass~1.5 Tonn



Celorimeters &

LED-monitoring system 
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VETO system supermodule
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Electonics(VME)
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Beam monitoring system

(scintillator+wevelength shifter(Y11)+

MRS APD)S

c

i

n

t

i
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Prog.Part.Nucl. 

Phys.58(2007)158

nucl-th/0601086 
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Prog.Part.Nucl. 

Phys.58(2007)158

nucl-th/0601086 
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Angular dependence
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pe, GeV/c pe, GeV/c

σ/E, %ADC

linearity & energy resolution

%2
%5


EE


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TAPS
12

C+
12

C→π°(η)X

@ 0.8, 1.0 & 2.0 AGeV

Z. Phys. A 359, 65–73 (1997)

1+1 2+11+12+1 3+2 1+12+1 3+2

•Постановка задачи реалистична

•Необходимы бóльшие iN+jN при бóльших Е0
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Кумулятивное число
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спектр в гипотезе флуктон-

флуктонного взаимодействия

1N+XN

2N+XN

Х0=0.130
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Fermi motion
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•разыгрываются π°, в направлении

аксептанса

•π° → γγ

•в жѐсткой части наклон γ уменьшается → 

ассиметричные распады π°
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Is it possible to create dense 

cold matter in lab?

At large scale - probably not (left figure)

Al relatively small scale – probably yes (right one)
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Next steps

ITEP

• Neutron detector beam test

• Time resolution

Nuclotron M, MPD-NICA

• Neutron detector beam test

• Efficiency study

• AA→ γ + X

• as high Q1+Q2 as possible 

with FLINT@Nuclotron-M

• AA→ γ + B + X

• dense baryon matter 

study @ MPD-NICA
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Phase diagram of nuclear matter
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