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JINR detectorsJINR detectors
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1) 1) RResearchingesearching thethe hadronhadron propertiesproperties inin hothot
andand//oror densedense baryonicbaryonic mattermatter.. A A spectralspectral
changechange isis allall ofof thethe sigmasigma--mesonmeson asas thethe chiralchiral
partnerpartner ofof pions, pions, whichwhich characterizescharacterizes a a degreedegree
ofof chiralchiral symmetrysymmetry violationviolation andand couldcould playplay a a 
rolerole ofof a "a "signalsignal" " ofof itsits restorationrestoration. . ToTo derivederive, , 
thenthen toto proveprove oror disprovedisprove quantitativequantitative
predictionspredictions isis thethe aimaim ofof thisthis investigationinvestigation..
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∆E/E (%) = 12/√E(GeV)

DELTA

σ(x,y) ≈ 3 mm
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DELTA
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∆E/E (%) = 9/√E(GeV)

σ(x,y) ≈ 35 mm

9090--channel Cherenkov lead channel Cherenkov lead 
glass gammaglass gamma--spectrometerspectrometer PHOTON
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π + p → η + n
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2) 2) AAnalyzingnalyzing multiparticlemultiparticle hadronhadron
interactionsinteractions, , targetedtargeted toto thethe developmentdevelopment ofof
newnew statisticalstatistical treatmenttreatment asas wellwell asas codescodes
forfor spacespace--timetime evolutionevolution ofof heavyheavy nucleinuclei
collisionscollisions atat highhigh energiesenergies.. ParticularParticular
attentionattention shouldshould bebe paidpaid toto ""signalssignals““ ofof newnew
phasesphases formationformation duringduring thisthis evolutionevolution andand
toto manifestationmanifestation ofof baryonbaryon repulsionrepulsion effectseffects
onon hadronhadron abundanceabundance..
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1. Measurements of the cross1. Measurements of the cross--section of the section of the 
deuterons, deuterons, kaonskaons, pions, antiprotons and , pions, antiprotons and 
nuclear fragments production versus:nuclear fragments production versus:

-- types of beam nuclei and target nuclei (ptypes of beam nuclei and target nuclei (p--U);U);
-- energy of beam nuclei (2energy of beam nuclei (2--6 6 GeVGeV/nucleon);/nucleon);
-- momentamomenta of detected particles (0.3 of detected particles (0.3 –– 2.0 2.0 

GeV/cGeV/c););
-- angle of particle production (20 angle of particle production (20 -- 90 deg.);90 deg.);
-- direction of polarization of beam particles;direction of polarization of beam particles;
2. Under the conditions of item 1 simultaneous 2. Under the conditions of item 1 simultaneous 

measurements of multiplicity and centrality measurements of multiplicity and centrality 
at a Zero Degree at a Zero Degree HadronicHadronic Calorimeter;Calorimeter;

3. Detection of two particles belonging to one 3. Detection of two particles belonging to one 
event in the aperture of a magnetic event in the aperture of a magnetic 
spectrometer with their identification and spectrometer with their identification and 
under conditions of item 2.under conditions of item 2.
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3) 3) AAnalyzingnalyzing thethe energyenergy andand centralitycentrality
dependencesdependences ofof thethe pion,pion, baryonbaryon
resonancesresonances andand strangestrange particleparticle
multiplicitiesmultiplicities, , andand thethe ratioratio ofof theirtheir yieldsyields, , 
togethertogether withwith thethe transversetransverse momentummomentum,,
includingincluding KK--, K*, K*-- andand φφ--mesonmeson spectraspectra..
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16O + Pb 4.5 A GeVStreamer chamber

∼ 50 tracks
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4) 4) SStudyingtudying didi--leptonsleptons andand slowslow pion pion 
productionproduction ((theirtheir enhancementenhancement
comparingcomparing toto hadronhadron--hadronhadron collisionscollisions isis
expectedexpected) () (muonmuon pairspairs))..
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d + Pb → µ+ µ- + …
Pd = 4.5 A GeV/c

SPHERE (Forward Detector)
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NIS

GIBS
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5) 5) SStudyingtudying thethe behaviourbehaviour ofof angularangular
correlationscorrelations andand radialradial,, directeddirected asas wellwell asas
ellipticelliptic flowsflows ((theirtheir differentdifferent behaviourbehaviour
asas comparedcompared toto hadronhadron--hadronhadron
interactionsinteractions isis expectedexpected))..
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LNS
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6) 6) AAnalyzingnalyzing fluctuationsfluctuations ofof multiplicitiesmultiplicities, , 
electricelectric chargecharge andand transversetransverse momentamomenta
forfor secondarysecondary particlesparticles ((theirtheir energyenergy
dependencesdependences couldcould givegive informationinformation onon
thethe phasephase transitiontransition rangerange))..
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SPHERE
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7) 7) AAnalyzingnalyzing nuclearnuclear fragmentsfragments
characteristicscharacteristics versusversus thethe centralitycentrality
((changechange ofof behaviourbehaviour comparingcomparing toto thethe
peripheralperipheral collisionscollisions isis expectedexpected), ), 
universalityuniversality ofof multifragmentationmultifragmentation..
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FAZA

FAZA – Setup for study of 
Nuclear Multifragmentation
Induced by Relativistic Light 
Ions
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8) 8) EEnergy nergy andand atomicatomic numbernumber scanningscanning
forfor allall characteristicscharacteristics ofof centralcentral heavyheavy
nucleinuclei collisionscollisions ((thisthis mightmight allowallow oneone toto
obtainobtain informationinformation onon thethe equationequation ofof
statestate ofof stronglystrongly interactinginteracting mattermatter inin thethe
transitiontransition areaarea), ), differencedifference betweenbetween
centralcentral collisionscollisions ofof lightlight nucleinuclei andand
peripheralperipheral heavyheavy ionion collisionscollisions..
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Detectors of centrality
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9) 9) SStudyingtudying thethe systemsystem sizesize, , lifetimelifetime, , 
freezefreeze--outout durationduration,, expansionexpansion timetime inin
thethe HBT HBT analysisanalysis ((noticeablenoticeable volumevolume
expansionexpansion isis expectedexpected ifif thethe mixedmixed phasephase
isis formedformed), ), scanningscanning inin atomicatomic numbernumber
andand energyenergy..
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Subsystems: 
P and K-arms  - for detection  pπ- or pp pairs  
from  S+

11 decay;
Fl,FR.BR,BL - 4 monitors for measurement of 
the luminosity;
Hm - 32channels hodoscope for detection of 
forward proton;
N - neutron detector  (to be construct)           

SCAN 

P3,P2,P1,Cp,Ck    are assembled.
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SCAN SCAN -- resultsresults
A radii is slowly growing with A radii is slowly growing with 
increasing the measurement angle

The radius of the emission zone is The radius of the emission zone is 
insensitive to the type of primary insensitive to the type of primary 
particles

increasing the measurement angle

particles
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External detectorsExternal detectors
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Dielectrons C+C 2.2AGeV

Spectrum of effective  mass of e+ e- pair 
(red color). There is a good agreement 
with simulation
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FOPI   Detector  (GSI)
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TAPS

Setup of the TAPS detector at
the Mainz MAMI accelerator.
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Start Counters and Front Side of Plastic Ball

KVI, Groningen, Netherlands



35

The Plastic Ball surrounds the target nearly compltely.
It consists of 655 detector modules, that provide particle
identification via DE-E measurement. Every DE-E module
consists of two scintillator types with very different timing
constants. The inner scintillator section is a 4 mm thick
Eu-doped CaF2 crystal measuring the energy loss signal . 
For the emission of the scintillation light the CaF2 has a 
characteristic decay time of ~1ms and is read out by using
the E counter as a lightguide. The E counter is a plastic
scintillator of 356 mm length. The timing constant is
approximately two orders of magnitude smaller, so that
90% of the scintillation light is gathered within 10 ns. The
plastic scintillator has also components with longer decay
times (120 ns). Hence the analysis of the pulse shape
allows the measurement of both signals with one
photomultiplier. 
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MRS

Los Alamos National Laboratory
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Main DirectionsMain Directions TasksTasks 20062006 20072007 20082008 20092009 20102010 20112011 20122012 20132013 20142014 20152015

MIXED PHASE of Nuclear MatterMIXED PHASE of Nuclear Matter

BNLBNL

CERNCERN

GSIGSI

Heavy Ions AHeavy Ions A≥≥200200 Development of KRIONDevelopment of KRION

BOOSTERBOOSTER

dd↑↑, , 33HeHe↑↑, I >10, I >101010 p/cyclep/cycle New polarized source New polarized source 

IIp,dp,d > 10> 101313 p/cyclep/cycle

Secondary beamsSecondary beams Beam LinesBeam Lines

Control & DiagnosticsControl & Diagnostics Diagnostic,  Control Systems & etc.Diagnostic,  Control Systems & etc.

Development ofDevelopment of

The NuclotronThe Nuclotron

AcceleratorAccelerator

ComplexComplex

Nonperturbative QCD, Cumulative ProcessesNonperturbative QCD, Cumulative Processes

Deuteron Spin StructureDeuteron Spin Structure

Fundamental Role of Three Nucleon ForcesFundamental Role of Three Nucleon Forces

Nature of Nucleon SpinNature of Nucleon Spin

Phase Transitions in Nuclear MatterPhase Transitions in Nuclear Matter

Clustering in Stable and Radioactive NucleiClustering in Stable and Radioactive Nuclei

RHIC (STAR, PHENIX) PHENIXRHIC (STAR, PHENIX) PHENIX-- large Plarge Pt t , STAR , STAR –– polarization polarization 

SPS (NA49) antiSPS (NA49) anti--p, dp, d

LHC(CMS, ALICE) CMS LHC(CMS, ALICE) CMS –– Heavy Ions, ALICE Heavy Ions, ALICE –– Heavy Ions at Heavy Ions at UltrarelativisticUltrarelativistic EnergyEnergy

SIS (HADES) SIS (HADES) –– Resonances in Dense Resonances in Dense MediumMedium

FAIR (CBM, PANDA) CBM FAIR (CBM, PANDA) CBM –– E/M processes & polarization, PANDA E/M processes & polarization, PANDA –– antianti--pp

MedMed--NuclotronNuclotron Clinical CenterClinical Center

Medical AcceleratorMedical Accelerator

Radiobiological Investigations, Space Medicine Radiobiological Investigations, Space Medicine 

Transmutation, AcceleratorTransmutation, Accelerator--Driven SystemDriven System

Heavy Ion Driver for Thermonuclear FusionHeavy Ion Driver for Thermonuclear Fusion

Educational Educational ProgProg.. Yang physicist trainingYang physicist training NPEEC NPEEC -- Nuclotron Physical Experimental Educational CenterNuclotron Physical Experimental Educational Center

Energy problemsEnergy problems

Life SciencesLife Sciences

Applied ResearchApplied Research

Research in Research in 
otherother

CentersCenters

Light NucleiLight Nuclei

PolarizationPolarization

Heavy IonsHeavy Ions

BasicBasic

ResearchResearch

VBLHE Road Map



38

Schedule and estimation of expensesSchedule and estimation of expenses

2005 2006 2007 2008 2009 2010

Setup

Simulation

Cost (k$) 5050 150150 120120 5050 5050 3030

Data taking

Data analysis 
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ConclusionsConclusions
Research of the mixed phase of the nuclear Research of the mixed phase of the nuclear 
matter can be begun already with the available matter can be begun already with the available 
equipment at the Nuclotron.  It is possible to equipment at the Nuclotron.  It is possible to 
execute an estimation of background conditions execute an estimation of background conditions 
and to optimize installations.and to optimize installations.
However maybe more effectively to concentrate However maybe more effectively to concentrate 
efforts on use of the one upgrading setup.efforts on use of the one upgrading setup.
Attracting of external setups is possible also.Attracting of external setups is possible also.
The first physical results can be expected in The first physical results can be expected in 
20072007--2008.2008.
Financial support of experiments within 2005Financial support of experiments within 2005--
2010 in volume not less than 450 k$ is 2010 in volume not less than 450 k$ is 
necessary.necessary.
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Thanks for attention!
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