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QCD matter physics at FAIR
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üThe status of FAIR 
üThe CBM physics case
üThe CBM experiment



2

On Sept. 13, 2016 BMBF gave
green light and 203 Múto
start civil construction. 

1st call for tender on Sept. 22: 
water management and 
excavation

2nd call for tender in Nov.:  
shell construction ónorth areaô, 
includes SIS100 and CBM cave

Start of construction mid of 
2017

Status of FAIR



Tunnel for SIS100/300
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The CBM cave 

CBM will take first beam from SIS100
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4000 tons of steel plates
transported from KIT to FAIR 

for the CBM beam dump



Exploring the QCD phase diagram

~2 ɟ0 ~5 0́ courtesyToru Kojo (CCNU)



NICA

Au beam energies:

FAIR SIS100: ÕsNN = 2.7 ï4.9 GeV

FAIR SIS300: ÕsNN = 4.9 ï8.3 GeV

NICA:             ÕsNN = 4.5 ï11 GeV

Exploring the QCD phase diagram



Experiments exploring dense QCD matter 
high

net-baryon 
densities
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Baryon densities in central Au+Au collisions
I.C. Arsene et al., Phys. Rev. C 75, 24902 (2007) 

5 A GeV 10 A GeV

8 ɟ0

5 ɟ0

phase

coexistence
phase

coexistence



CBM physics caseand observables
The QCD matter equation-of-state at neutron star core densities

ücollective flow of identified particles (ɸ,K,p,ǭ,ǰ,ǹ,...)

driven by the pressure gradient in the early fireball

P. Danielewicz, R. Lacey, W.G. Lynch, Science 298 (2002) 1592 

AGS: proton flow in Au+Aucollisions Azimuthalangle distribution: 
dN/d =˒ C (1 + v1 cos(˒ ) + v2 cos(2˒ ) + ...)



ɋ- production in 4 A GeV Au+Au

HYPQGSM calculations , K. Gudima et al. 

CBM physics caseand observables

Direct multi-strange hyperon production:

pp­X- K+K+p (Ethr = 3.7 GeV)

pp­W- K+K+K0p  (Ethr = 7.0 GeV)

pp­ȿ0ȿ0 pp (Ethr = 7.1 GeV)

pp­X+X- pp (Ethr = 9.0 GeV) 

pp­W+W- pp (Ethr = 12.7 GeV

Hyperon production via multiple collisions

1. pp­ K+ȿ0p, pp­ K+K-pp, 

2. pȿ0­ K+ X- p,   ȿ́0­ K+ X- ,́ 

ȿ0ȿ0­X- p, ȿ0K-­X-p0

3 . ȿ0X-­W- n, X-K-­W-p-

Antihyperons

1. ȿ0 K+­ X+p0 , 

2. X+ K+­W+p+.

The QCD matter equation-of-state at neutron star core densities

ücollective flow of identified particles (ɸ,K,p,ǭ,ǰ,ǹ,...)

driven by the pressure gradient in the early fireball
üparticle production at (sub)threshold energies via 

multi-step processes (multi-strange hyperons, charm) 
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13A. Andronic, P. Braun-Munzinger, K. Redlich, J. Stachel, Jour. Phys. G38 (2011)

CBM physics caseand observables

Phase transitions from partonic to hadronic matter 
ü excitation function of strangeness: ǰ-(dss),ǰ+(dss),ǹ-(sss),ǹ+(sss)
­ chemical equilibration at the phase boundary 



CBM physics caseand observables

Phase transitions from partonic to hadronic matter 
ü excitation function of strangeness: ǰ-(dss),ǰ+(dss),ǹ-(sss),ǹ+(sss)
­ chemical equilibration at the phase boundary 

HADES: Ar + KCl1.76 A GeV
G. Agakishievet al., arXiv:1512.07070

Particle yields and thermal model fits



CBM physics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence
ü excitation function of strangeness: ǰ-(dss),ǰ+(dss),ǹ-(sss),ǹ+(sss)
­ chemical equilibration at the phase boundary 

ü excitation function (invariant mass) of lepton pairs: 
thermal radiation from QGP, caloric curve

Slope of dilepton invariant mass spectrum

1 GeV/c2 < Minv < 2.5 GeV/c2

Invariant mass distribution of lepton pairs



CBM physics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence
ü excitation function of strangeness: ǰ-(dss),ǰ+(dss),ǹ-(sss),ǹ+(sss)
­ chemical equilibration at the phase boundary 

ü excitation function (invariant mass) of lepton pairs: 
thermal radiation from QGP, caloric curve

üanisotropic azimuthal angle distributions: ñspinodal decompositionò

Spinodal decomposition

of the mixed phase

Slope of dilepton invariant mass spectrum

1 GeV/c2 < Minv < 2.5 GeV/c2



CBM physics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence,
critical point 
ü excitation function of strangeness: ǰ-(dss),ǰ+(dss),ǹ-(sss),ǹ+(sss)
­ chemical equilibration at the phase boundary 

ü excitation function (invariant mass) of lepton pairs: 
Thermal radiation from QGP, caloric curve

üanisotropic azimuthal angle distributions: ñspinodal decompositionò

ü event-by-event fluctuations of conserved quantities (B,S,Q)

4th moment of net-proton multiplicity distribution: critical fluctuations



CBM physics caseand observables

Onset of chiral symmetry restoration at high rB 

ü in-medium modifications of hadrons: r,w,f­e+e-(ȉ+ȉ-)
üdileptons at intermediate invariant masses: 4 ˊ ­ȍ-a1 chiral mixing



CBM physics caseand observables

N-ǭ, ǭ-ǭinteraction,  strange matter? 
ü (double-) lambda  hypernuclei
ümeta-stable objects (e.g. strange dibaryons)  

A. Andronic et al., Phys. Lett. B697 (2011) 203

SIS100



CBM physics caseand observables

N-ǭ, ǭ-ǭinteraction,  strange matter? 
ü (double-) lambda  hypernuclei
ümeta-stable objects (e.g. strange dibaryons)  

A. Andronic et al., Phys. Lett. B697 (2011) 203

SIS100

Double lambdahypernucleiproduction
in centralAu+Aucollisionsat 10 A GeV:

Multiplicity Yieldin 1 week

5
ȿȿH 5 Ö10-6 3000

6
ȿȿHe 1 Ö10-7 60

Assumptionfor yieldcalculation:
ReactionRate 1 MHz
BR 10% (2 sequentialweakdecays)
Efficiency 1%



J. Steinheimer, A. Botvina, M. Bleicher, arXiv:1605.03439v1

UrQMD calculation including

subthreshold charm production via

N* Ÿ ȿc + D  and   N* Ÿ N +J/ɣ

Central Au+Au collisions 10 A GeV:

MJ/ɣ= 5Ö10-6 

HSD calculation

Central coll. Au+Au 10 A GeV : 

MJ/ɣ= 1.7Ö10-7 

W. Cassing, E. Bratkovskaya, A. Sibirtsev,

Nucl. Phys. A 691 (2001) 753

CBM physics caseand observables

Charm production at threshold energies in cold and dense matter 
üexcitation function of charm production in p+A and A+A   (J/ȑ, D0, D°)



Highly appreciated: support from theory

Physics case Diagnostic probe 

Equation-of-state Flow, Particle production ?

Phasetransition Chemical equilibration of ű, ǰ, ǹ, ... ?
Open and hidden charm ?

First order phase transition: 
- Spinodal decomposition
- Caloric curve
- Critical point

Fragments, flow power spectrum? 
Intermediate mass dileptons?
E-b-e fluctuations of B, S, Q

Chiral symmetry restoration Dilepton invariant mass spectra ?

Nǭand ǭǭinteraction Hypernuclei (yield, lifetime)

üRealistic description of heavy-ion collisions at 
high net-baryon densities (energies of 4 ï40 A GeV)

üQuantitative relation between physics case and observables



Å 105 - 107 Au+Au reactions/sec

Å determination of displaced vertices (ůº50 mm)

Å identification of leptons and hadrons 

Å fast and radiation hard detectors and FEE

Å free-streaming readout electronics 

Å high speed data acquisition and high performance
computer farm for online event selection 

Å 4-D event reconstruction 

Experimental requirements
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Experimental requirements

HADES
p+p, p+A
A+A (low mult.)

Dipol
Magnet

Micro
Vertex
Detector

Silicon
Tracking
System

Ring
Imaging
Cherenkov

Transition
Radiation
Detector

Time of Flight
Detector

Projectile
Spectator
Detector

Muon
DetectorDAQ/FLES HPC cluster 
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TOF

TOF
+

TRD

Particle Identification

Detectors used: STS, TOF, TRD 



p reconstruction efficiency



+́, K+, and p reconstruction efficiency



Strange hadrons in central Au+Au 10 AGeV



missing mass analysis

Hyperons in Au+Au 10 AGeV



Elliptic flow measurements in Au+Au collisions
at 10 A GeVat b = 6 ï8 fm

1 day: 106 min. bias events/s x 8.6Ö104 s = 8.6Ö1010events

ɋ-
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Simulations

Yield of p, ȿ, and ɋ- vs. pT
Relative statistical error of v2

for p, ȿ, and ɋ-



Hypernuclei in central Au+Au 10 AGeV
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Electrons Muons

Dileptons in central Au+Au collisions at 8 A GeV

Simulations

Simulation STS, MUCH with TRD, TOF:

Clustering in all detectors

(3 GEM stations + 4 layers TRD)  

Simulation STS, RICH, TRD, TOF:

RICH with mechanical structure

Hit smearing in TRD (4 layers)  
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Electrons + Muons

Dileptons in central Au+Au collisions at 8 A GeV

Simulations



Open and hidden charm in CBM at SIS100

Ni + Ni central
collisions at 15 A GeV

6480 J/ȑin 2 weeks
at IR = 10 MHz

260 D0 and 45 D0

in 2 weeks at IR = 0.1 MHz

ȉ+ȉ- Ą J/ȑ

UrQMDmultiplicity* ~ 5×10-6

Jʁ/y= 0.9 %
S/B ratio = 1.0

* Sub-threshold charm production in nuclear collisions J. 
Steinheimer, A. Botvina, M. BleicherarXiv:1605.03439

Au + Au central
collisions at 10 A GeV



Online particle identification in CBM:
The KF Particle Finder 

successfullyused online in the STAR experiment





Supp. frames

430 MAPMTs
Read
out

Exist. RICH

FAIR Phase 0 experiments

1. Install , commission and use 430 out of 1100 
CBM RICH multi-anode photo-
multipliers (MAPMT)  in 
HADES RICHphoton detector



Supp. frames

430 MAPMTs
Read
out

Exist. RICH

FAIR Phase 0 experiments

1. Install , commission and use 430 out of 1100 
CBM RICH multi-anode photo-
multipliers (MAPMT)  in 
HADES RICHphoton detector

2. Install, commission and use
10% of the CBM TOF modules
including read-out chain
at STAR/RHIC (BES II 2019/2020)

collider vertex

(~250 cm)

1
0
0

 c
m

fixed target pos.

(~500 cm)

CBM MRPC active area

CBM electronics



FAIR Phase 0 experiments

3. Install, commission and use 4 Silicon tracking layers and the
Project Spectator Detector at the BM@N experiment at the
Nuclotron in JINR/Dubna (Au-beams up to 4.5 A GeVin 2018/19)  


