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Status of FAIR

On Sept. 13, 2016 BMBF gave
green light and 203 M€ to
start civil construction.

15t call for tender on Sept. 22:
water management and e\
excavation L[]

2nd call for tender in Nov.:

shell construction ‘north area;, ',
includes SIS100 and CBM cave

Start of construction mid of
2017



Tunnel for SIS100/300
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The CBM cave

CBM will take first beam from SIS100
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Exploring the QCD phase diagram

Au beam energies:

FAIR SIS100: Vsy = 2.7 — 4.9 GeV
FAIR SIS300: Vsy = 4.9 — 8.3 GeV
NICA: sy = 4.5 — 11 GeV
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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
5 A GeV Au + Au (b=0): p(0,0,0,) - 10 A GeV Au + Au (b=0): p(0,0,0,t)

2.0 T T T T T T T T T T T T T T L y s d > ;m@ - E Y . I ’ ) Y

— 3-fluig i F o —  3-fluid

[ o = Rl ] ! N\ — PHSD
1.5 UrQMD 1.5 \ UQMD
- e I ~ s QGSM ]
: GiBUL d
) .

i 5 p v \,— GiBUU ] —

0.5

5 10 15
Elapsed time t (fm/c)

o QGSM ]
- coeX|stence— GBUU

0 i/ L T rﬁﬂg:-@hl 1 L 1
R0 0.5 10 i 5 2.0
Net baryon density p(t) (fm’ )

coeX|stence
: 39 5
Net baryon density p(t) (fm' )

<
[==)

”E 20 T T T T E £.0 [ T T T T T T T T T T T T T
= W = = i
=i s = [ i
? AR 5 A GeV > I 10 A GeV 1
0] —— PHSD O ook o~ [ ]
15k UrQMD - i S
w +—+ QGSM . w r /
> 4 /
£ — GiBUWU i = F E
I - @ 1.5 ]
Siof T S 5 I &
i o i 3 F i
> i L U J/ p
S =~ S 1.0F o
2 | o [ T 3-fluid ]
] z 15
® o5 = o [ —— PHSD'~ 4
5 ] g 0.5—\ =—a UrQMD .
£ s [
(&) =
P> o
=
&l L



AGS: proton flow in Au+Au collisions

CBM physics case and observables

The QCD matter equation-of-state at neutron star core densities
> collective flow of identified particles (n,K,p,A,=,9,...)
driven by the pressure gradient in the early fireball
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CBM physics case and observables

The QCD matter equation-of-state at neutron star core densities
> collective flow of identified particles (n,K,p,A,=,9,...)
driven by the pressure gradient in the early fireball
» particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)

Direct multi-strange hyperon production:

pp - E K*K*p  (Ey, = 3.7 GeV)
pp = Q K*K*K% (E,, = 7.0 GeV)
pp — A9N° pp (Ey = 7.1 GeV)

=B (E, = 9.0 GeV)

pp — =" = pp
pp — QY Q pp (Ey = 12.7 GeV

Hyperon production via multiple collisions

1. pp > K*A%, pp — K*Kpp,
2. pN°— K*Ep, TA'— K*=-Tr,
NNO— E-p, AK — E O
3.NE5QNn, EK-->Qm

Antihyperons
1. NP Kt —»> B0,
2. 27 K" > Q1.

() production in 4 A GeV Au+Au
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CBM physics case and observables

The QCD matter equation-of-state at neutron star core densities
> collective flow of identified particles (n,K,p,A,=,9,...)
driven by the pressure gradient in the early fireball
» particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)

Direct multi-strange hyperon production: .

pp = EK*K'p  (E,, = 3.7 GeV) C
pp — Q K*K*K% (Eyy, = 7.0 GeV)

pp — A°A°pp (B = 7.1 GeV)

pp — EY E pp (Eqr = 9.0 GeV)

pp — QY Q pp (Ey = 12.7 GeV 5o
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Hyperon production via multiple collisions

1. pp > K*A%, pp — K*Kpp,
2. pN°— K*Ep, TA'— K*=-Tr,
NNO— E-p, AK — E O
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CBM physics case and observables

Phase transitions from partonic to hadronic matter
> excitation function of strangeness: =(dss),=*(dss),€2(sss),2*(sss)
— chemical equilibration at the phase boundary
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CBM physics case and observables

Phase transitions from partonic to hadronic matter
> excitation function of strangeness: =(dss),=*(dss),€2(sss),2*(SSs)
— chemical equilibration at the phase boundary
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CBM physics case and observables

Phase transitions from partonic to hadronic matter, phase coexistence
> excitation function of strangeness: =(dss),=*(dss),€2(sss),2*(SSs)
— chemical equilibration at the phase boundary
» excitation function (invariant mass) of lepton pairs:
thermal radiation from QGP, caloric curve

Invariant mass distribution of lepton pairs Slope of dilepton invariant mass spectrum
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CBM physics case and observables

Phase transitions from partonic to hadronic matter, phase coexistence
> excitation function of strangeness: =(dss),=*(dss),€2(sss),2*(SSs)
— chemical equilibration at the phase boundary
» excitation function (invariant mass) of lepton pairs:
thermal radiation from QGP, caloric curve
» anisotropic azimuthal angle distributions: “spinodal decomposition”

Spinodal decomposition Slope of dilepton invariant mass spectrum
of the mixed phase 1 GeV/c? < M,,, < 2.5 GeV/c?
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CBM physics case and observables

Phase transitions from partonic to hadronic matter, phase coexistence,
critical point
> excitation function of strangeness: =(dss),=*(dss),€2(sss),Q2*(SSs)
— chemical equilibration at the phase boundary
» excitation function (invariant mass) of lepton pairs:
Thermal radiation from QGP, caloric curve
» anisotropic azimuthal angle distributions: “spinodal decomposition”
> event-by-event fluctuations of conserved quantities (B,S,Q)

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

Au + Au Collisions at RHIC .
0-5% centrality
il Iyl <0.5,0.4 <p, <2 (GeVic) _|

O net-proton
3| A anti-proton .
[J proton

T2 5 10 20 50 100 200
Center of Mass Energy Vs, (GeV)



CBM physics case and observables

Onset of chiral symmetry restoration at high pg
» in-medium modifications of hadrons: p,m,¢ —e*te (Utu)
» dileptons at intermediate invariant masses: 4 m — p-a, chiral mixing
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CBM physics case and observables

N-A, A-A interaction, strange matter?
> (double-) lambda hypernuclei
» meta-stable objects (e.g. strange dibaryons)

Strange hadronic matter (A — o)
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CBM physics case and observables

N-A, A-A interaction, strange matter?
» (double-) lambda hypernuclei
» meta-stable objects (e.g. strange dibaryons)

—— °He
Double lambda hypernuclei production
in central Au+Au collisions at 10 A GeV:

- Multiplicity | Yield in 1 week
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T
[RJ11] IIHHII‘ \HHIH‘ \IHILIl|_I_L

S
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Assumption for yield calculation:
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BR 10% (2 sequential weak decays)
Efficiency 1%
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CBM physics case and observables

Charm production at threshold energies in cold and dense matter
> excitation function of charm production in p+A and A+A (J/y, DO, D%)

Multiplicity
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Highly appreciated: support from theory

» Realistic description of heavy-ion collisions at
high net-baryon densities (energies of 4 — 40 A GeV)
» Quantitative relation between physics case and observables

Physics case
Equation-of-state

Phase transition

First order phase transition:
- Spinodal decomposition

- Caloric curve

- Critical point

Chiral symmetry restoration

NA and AA interaction

Diagnostic probe
Flow, Particle production ?

Chemical equilibration of @, =, @, ... ?
Open and hidden charm ?

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

Dilepton invariant mass spectra ?

Hypernuclei (yield, lifetime)
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Experimental requirements

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

- .
e 4

\7

DAQ/FLES HPC cluster



Particle Identification

Detectors used: STS, TOF, TRD
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p reconstruction efficiency

6GeV ST§

%
’I_.
=
—
(8}
%
-
=
—
(%)
%
-
=
—
(8}




*, K*, and p reconstruction efficiency
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Strange hadrons in central Au+Au 10 AGeV
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Hyperons in Au+Au 10 AGeV
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Simulations

Elliptic flow measurements in Au+Au collisions
at 1I0AGeVatb=6-8fm

1 day: 10 min. bias events/s x 8.6-10% s = 8.6-101%events
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Hypernuclei in central Au+Au 10 AGeV

et — *He o= 2.1 MeV/c? L a0 — 4 H o =2.5 MeVIc? L X1 — % H o= 2.4 MeVic?
=0 S/IB=020,¢, =63% | = | S/IB=119,¢, =2.3% | ‘= S/B=0.18, ¢, =3.1%
= o 4 =100 204- 3
=150 " He—*He pr = ) = | LWH—=H pr
- - H—4Hern
B B AI.‘\JI\ JI.\
L 50_
1 |
0.2F
- .. J
R PR T 0.'.|....|....| [ol™ 0y
1.86 188 1.9 1.1 12 13 4.08 1.1 112 1.14
_ - 4 - v X7 /.2 3 - v~ x7i.2
m, {*He pr} [GeV/c’] m,, {{ Hem} [GeV/c'] my, { Hpr} [GeV/eT]
. x10° — % H =23 MeV/c? . —© He o= 2.6 MeVic?
= S/B=0.02 ¢, =20% | = S/B=0.41, ¢, =1.2%
= =
= ool =
s0F -
--u M 1 1 1 1 1 M 1 1 1 1 M 1 1 M 1 1 1 1 1 M 1 1 1
5.02 5.04 5.06 5.08 Q03 6 6.05
5 - rr 2 5 - v x7.2
m, {J\Hen} [GeV/cT] m, {AHe pt} [GeV/cT]



Simulations

Dileptons in central Au+Au collisions at 8 A GeV

Electrons Muons
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Simulation STS, RICH, TRD, TOF: Simulation STS, MUCH with TRD, TOF:
RICH with mechanical structure Clustering in all detectors
Hit smearing in TRD (4 layers) (3 GEM stations + 4 layers TRD)
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Simulations

Dileptons in central Au+Au collisions at 8 A GeV

Electrons + Muons
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Open and hidden charm in CBM at SIS100

Entries(4MeV/c?)

Ni + Ni central
collisions at 15 A GeV
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Online particle identification in CBM:
The KF Particle Finder
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FAIR Phase 0 experiments

1. Install, commission and use 430 out of 1100
CBM RICH multi-anode photo- mﬁo MAPMTs
multipliers (MAPMT) in out \ /

HADES RICH photon detector

Supp. frames Exist. RICH



FAIR Phase 0 experiments

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

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

——
e
! g fixed target pos.
&g collidervertex (~500 cm)
* (=250cm) 0 60—

W~ 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 GeV in 2018/19)

120cm




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 GeV in 2018/19)

4. Build mCBM at GSI/SIS18
for a full system test with
high-rate nucleus-nucleus
collisions from 2018 - 2020
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France, 01%

Other, 13%
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Russia, 27%

Romania, 06%



Summary

« CBM scientific program at SIS100:
Exploration of the QCD phase diagram in the region of neutron
star core densities — large discovery potential.

 First measurements with CBM:
High-precision multi-differentialfmeasurements of hadrons incl.
ultistrange hyperons, hypernuclei and dileptons for different

: CBM ‘start version is financed by about 2/3  (+ EoI).

 FAIR Phase O: ;
HADES with CBM RICH photon detector.,
use CBM detectors at STAR/BNL and BM@N/JINR




