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Status of FAIR

On Sept 13, 2016 BMBFgave
green light and 203 Mu to
start civil construction.

15t call for tender on Sept. 22:
water management and N
excavation QL

29 call for tender in Nov.:

shellconstruct i on
includes SIS100 andCBM cave

Start of construction mid of
2017



Tunnel for SIS100/300
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The CBM cave

CBM willtake first beam from SIS100






. Exploring the QCDphase diagram
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Exploring the QCDphase diagram
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Experiments exploring dense QCD matter
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Baryon densities in central Au+Au collisions

I.C. Arsene et al., Phys. Rev. C 75, 24902 (2007)
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CBMphysics caseand observables

The QCD matter equation-of-state at neutron star core densities
U collective flow of identified particles (¢,K,p,0,j ,n,...)
driven by the pressure gradient in the early fireball

AGSproton flow in Au+Aucollisions ~ Azimuthalangledistribution:
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CBMphysics caseand observables

The QCD matter equation-of-state at neutron star core densities
U collective flow of identified particles (¢,K,p,0,j ,n,...)
driven by the pressure gradient in the early fireball
U particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)

Direct multi-strange hyperon production:
pp- X K'K*p (Ey =3.7 GeV)

pp - W_K+K+K0p (Ey, = 7.0 GeV)

pp- s°%°%°pp (B =7.1GeV)

pp- X* X pp (Eine = 9.0 GeV)

pp- W W pp (Ey = 12.7 GeV

Hyperon production via multiple collisions

1. pp- K's®, pp- K'Kpp,
2. ps% K*Xp, "s% K*X7,
s%0% Xp, s%K- Xp°
3.89X - Wn, XK- Wp

Antihyperons
1.50K*- XTp°,
2. X* K- W p.

( "~ production in 4 A GeV Au+Au
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CBMphysics caseand observables

The QCD matter equation-of-state at neutron star core densities
U collective flow of identified particles (¢,K,p,0,j ,n,...)
driven by the pressure gradient in the early fireball
U particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)

Direct multi-strange hyperon production: .

pp- X K*K'p (B =3.7 GeV) C
pp- WKK'Ko (E4, = 7.0 GeV)

pp- s%°pp  (Ep =7.1GeV)

pp- X* X pp (Eine = 9.0 GeV)

pp- WWpp (B =12.7 GeV % oalf
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Hyperon production via multiple collisions
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CBMphysics caseand observables

Phase transitions from partonic to hadronic matter
U excitation function of strangeness:j -(dss),] *(dss),n-(sss),n*(sss)
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CBMphysics caseand observables

Phase transitions from partonic to hadronic matter
U excitation function of strangeness:j -(dss),] *(dss),n(sss),n*(sss)
- chemical equilibration at the phase boundary
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CBMphysics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence
U excitation function of strangeness:j -(dss),] *(dss),n(sss),n*(sss)
- chemical equilibration at the phase boundary
U 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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CBMphysics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence
U excitation function of strangeness:j -(dss),] *(dss),n(sss),n*(sss)
- chemical equilibration at the phase boundary
U excitation function (invariant mass) of lepton pairs:
thermal radiation from QGP, caloric curve

U anisotropica z i mut hal angl spinodal dsd o a mpud S iotnisc
Spinodal decomposition Slope of dilepton invariant mass spectrum
of the mixed phase 1 GeVic? < M, < 2.5 GeV/c?
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CBMphysics caseand observables

Phase transitions from partonic to hadronic matter, phase coexistence,
critical point
U excitation function of strangeness:] -(dss),] *(dss),n-(sss),n*(ss9
- chemical equilibration at the phase boundary
U excitation function (invariant mass) of lepton pairs:
Thermal radiation from QGP, caloric curve
U anisotropica zi mut hal an gl spinodal dedcompoditiand i o n s
U 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
lyl <0.5,0.4 <p, <2 (GeVic) _|

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

CBM at FAIR
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CBMphysics caseand observables

Onset of chiral symmetry restoration at high rg
U in-medium modifications of hadrons: r,w,f - e*e (1 *1°)

U dileptons at intermediate invariant masses: 4 ° - 0-a, chiral mixing

o= I LA S B S ]
N —_
2 CBM Simulation E
%J Au+Au 20A GeV =
O central collisions 3
= "::
— s

¢ 3
= d
2 =
o -
= :
© 1

1.5 2 2.5 3
M,. [GeV/c?]



CBMphysics caseand observables

N-Q, 0-Q interaction, strange matter?
U (double-) lambda hypernuclei
U meta-stable objects (e.g. strange dibaryons)
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Yield (dN/dy) for 10° events

CBMphysics caseand observables

N-Q, 0-0 interaction, strange matter?

U (double-) lambda hypernuclei

U meta-stable objects (e.g. strange dibaryons)
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Doublelambdahypernucleiproduction
in central Au+Aucollisionsat 10 AGeV

| Multiplicity | Yieldin 1week

s, H 5Q0° 3000
6, He 10107 60

Assumptiorfor yield calculation
ReactionRate 1 MHz

BR 10% (2equentialweakdecay$
Efficiency 1%



CBMphysics caseand observables

Charm production at threshold energies in cold and dense matter
U excitation function of charm production in p+A and A+A (J/T , D°, D)

Multiplicity
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Energy [A GeV]
HSD calculation NO nevr
al \:AXR €
Central coll. Au+Au 10 A GeV :
My = 1.7Q07

W. Cassing, E. Bratkovskaya, A. Sibirtsev,
Nucl. Phys. A 691 (2001) 753
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Highly appreciated:. support from theory

U Realistic description of heavy-ion collisions at
high net-baryon densities (energiesof 41 40 A GeV)
U Quantitative relation between physics case and observables

Physics case Diagnostic probe
Equation-of-state Flow, Particle production ?
Phasetransition Chemicalequilibration of G, , n, ... ?

Open and hidden charm ?
First order phase transition:

- Spinodal decomposition Fragments, flow power spectrum?
- Caloriccurve Intermediate mass dileptons?
- Critical point E-b-e fluctuations of B, S, Q

Chiral symmetry restoration Dilepton invariant mass spectra ?

NO and O Qinteraction Hypernuclei (yield, lifetime)
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Experimental requirements

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

- .
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DAQ/FLEBPC cluster




Particle Identification

Detectors used: STS, TOF, TRD
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p reconstruction efficiency
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-+, 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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dNremfdefevent

Simulations

Elliptic flow measurements in Au+Au collisions
at 10 AGeVatb=6 T 8 fm

1 day: 10 min. bias events/s x 8.6 @0* s = 8.6 A0%events
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Hypernuclel in central Au+Au 10 AGeV
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Simulations

Dileptons in central Au+Au collisionsat 8 A GeV

Electrons MUONS

_.
S
e

o102
G) C

10,

107457

counts/(events x 10 MeV/c?)

107 107 | \\\
1078 ] ol I | \u._\“ _________ |

% e Vo -
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10°8 - ' OO T | |__|M

0 0.5 15 2 0 02 04 06 08 1 12 14 16 (1G%V/0252
M,. [GeV/c?]

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 collisionsat 8 A GeV

Electrons+ Muons
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Open and hidden charm in CBM at SIS100

Ni + Ni central Au + Au central
collisionsat 15 A GeV collisionsat 10 A GeV

260 D% and 45 DO 6480 J/t in 2 weeks
In 2 weeksat IR =0.1 MHz at IR = 10 MHz

N 0.1:19— _ K = 0
R 10" Ni+Ni 15AGeV T | iy =0.9%
" E | S/Bratio= 1.0
éﬂ IR =0.1 MHz 008 | | . |
N e=1.74% 0.07] ' : :
1 -
2 S/Bg = 0.8(0.4) 0.06F
= S
- 004
o.oai—
MIH 0.022—
Tt L =
A1y piddh NN 0.01
AR e R AL
2.2 2.4 O35 24 26 28 3 32 34 36 38 4
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UrQMDmultiplicity* ~5x10%

* Subthresholdcharm production in nucleaollisionsl
Steinheimer A.Botving M. BleicherarXiv:1605.03439



Online particle identification in CBM:
The KF Particle Finder

—>

Dileptons

Charmonium
Iy —ete
Iy —p

Low mass
vector mesons
—ete

+ -
— l
—ete
+ -
— H
—ete

— W

< S 820

W

Gamma
vy —ete
Y —e"e

Gamma-decays
n —yy
n =Yy

Tracks: e*, ", m*, K*, p*, d*, *He*, ‘He*
primary and secondary

Open-charm

Open-charm
particles
DY —K-n*

DY —-Knan

D — Kt

D' -Ktntn

DT —Kn"xn*
D —Kmw
DS/—K'K=n
D—K"'Kw
AS—pKn'
A;—pK

7

Y

Open-charm

resonances
D — Dt
D' = D"
D" —Dogt
D" =D

Strange particles

20— Ay
0 - E—Aw 0 —SAvy
iS:n; = S AT N > —>pTC0
o =b O —AK- T —pn0

A —pmt =~ x
Q" — AK* =20 > Aqxd
20 —And

—>

Strange resonances

s

h 4

K™ — Ko n*

K~ - K’ n
> > Ant
T AT
AT
> —Ant
=2 —-AK-
=2 - AK”*

B — Ew
=0 B
O —EKn
Q" - EKw
K —K*a
K'Y - Kn
6 —K'K-
A" —pK-
A" —PK

g

Hypermatter

Hypernuclei
{An} — d'n
{An} — dr*
W — Hew
3 — Hen
SWH — *Hew
LWH — Hen
‘\He — Hepw
4AIT€ — Bmﬁ Il
AHe — “Hepw
SAITB — 4%13 ol

Heavy multi-

strange objects
{AA} — Apm
{E°A}— AA

successfullyused online in the STARexperiment







FAIR Phase 0 experiments

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

HADES RICHohoton detector

Supp. frames Exist. RICH



FAIR Phase 0 experiments
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FAIR Phase 0 experiments

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




