Cosmic Matter in the Laboratory —

The Compressed Baryonic Matter experiment at FAIR
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The evolution of stars

Planetary Nebula

M <= 8Mg = white dwarf
Red Giant

Small Star

White Dwarf

Red Supergiant
Large Star -,

with
Protostars

M >~15Mgy > black hole: M, °

core 7
IMAGES NOT TO SCALE Courtesy of Anna Watts Black Hole
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ashes of a core coIIapse supernovéi@Bse?ved in 1054 by Chinese astronomers.

. The “visiting ptar.” was as bright as the Venus for more than 20 days., -



Quark Star Neutron Star

Surface:
Hydrogen/Helium plasma
Iron nuclei

Outer Crust:
lons
Electron gas

\
Outer Crus \  Inner Crust:

Heavy ions
Relativistic electron gas
Superfluid neutrons

Outer Core:
Neutrons, protons
Electrons, muons

Inner Core:
Neutrons
Superconducting protons
Electrons, muons
Hyperons (Z, A, Z)
Deltas (A)
Boson (n, K) condensates
Deconfined (u,d,s) quarks / color-
superconducting quark matter



Quark matter in massive neutron stars?

M. Orsaria, H. Rodrigues, F. Weber, G.A. Contrera, arXiv:1308.1657
Phys. Rev. C 89, 015806, 2014
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Facility for Antiproton & lon Research

Experimental programs:

APPA: Atomic & Plasma Physics & Applications
» Highly charged atoms
» Plasma physics

> Radiobiology L SI1s18
> Material science P — ~

S1S100/300

Compressed
Baryonic Matter

CBM: Nucleus-nucleus collisions

> Nuclear matter at neutron
star core densities

» Phase transitions from
hadrons to quarks

NUSTAR: Rare Isotope beams
» Nuclear structure far off stability
» Nucleosynthesis in stars and supernovae

CBM

Super Fragment-
2922 Separator:

{ é@.‘ Nuclear Structure and
" Astrophysics

PANDA: Antiproton-proton collisions:
» Charmed hadrons (XYZ2)

» Gluonic matter and hybrids

» Hadron structure

» Double Lambda hypernuclei

FAIR phase 1
FAIR phase 2
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Status of FAIR

Construction started July 2017

Installation incl. commissioning of
the experiments Is planned during
2021-2024
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Status FAIR civil construction
as of August 25, 2017

SI1S18 — adaptation works for FAIR




Status FAIR civil construction
as of August 25, 2017

SI1S18 — adaptation works for FAIR
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Status FAIR civil construction
as of August 25, 2017

Preparatory works for excavation




Status FAIR civil construction
as of August 25, 2017

Piping for ventllatlon and ground water lowering

-




The Compressed Baryonic Matter (CBM)
experiment




Temperature T

Exploring the QCD phase diagram

‘Quarkyonic

. AY
Hadronic Phase %‘ ) Matter .
® R
Gas-Liquid \\ _----~= W, e o o
Nuclear .=-\"  cCrystalli Superconducung
Superfluid - Phases
ourtesy of K. Fukushima & T. Hatsuda Baryon Chemical Potential us

At very high temperature:
» N of baryons ~ N of antibaryons
Situation similar to early universe
» L-QCD finds crossover transition between
hadronic matter and Quark-Gluon Plasma
» Experiments: ALICE, ATLAS, CMS at LHC
STAR, PHENIX at RHIC




Exploring the QCD phase diagram
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Temperature T
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At high baryon density:
» N of baryons >> N of antibaryons
Densities like in neutron star cores
» L-QCD not (yet) applicable
» Models predict first order phase transition
with mixed or exotic phases
» Experiments: BES at RHIC, NA61 at CERN SPS,
CBM at FAIR, NICA at JINR, J-PARC




Density estimates

Atomic nucleus: il *
Radius R =1.2fmAY3 (0,, = NR? {g W 2a\
VolumeV=4/3nR3=4/3n1.23Afm3 @™ |

: — — 3 3~ 3| @
Nucleon density p, = A/V =3/ (4 n 1.23) fm>~ 0.14 fm '\Qs 'a\ b

Mass of nucleon m = 1.67 - 1024 g \\p/%‘\ y
Mass density of cold nuclear matter p, - m = 270 Mio t/cm3 T

Limits of nucleon density:

Au-nucleus: R=7fm, V ~ 1400 fm?3

Nucleon: R~0.8fm, V~2fm3

200 Nucleons: V =~ 400 fm?3

At 3 — 4 p% nucleons overlap, Fermi see of quarks?

Neutron star:

Radius R ~ 10 km,

Volume V ~ 4200 km3

Mass M ~ 2 solar masses =2 - 2 - 1033 g

Average mass density p = M/V ~ 1000 Mio t/cm3~ 3.6 p° - m
Core density 5 — 10 times nuclear density




Baryon densities in central Au+Au collisions

I.C. Arsene et al., Phys. Rev. C 75, 24902 (2007)
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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,t) 5 10 A GeV Au + Au (b=0): p(0,0,0.t)
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Messengers from the dense fireball:

CBM at FAIR
UrQMD transport calculation Au+Au 10.7 A GeV
E-’ Q-, (p 1T, K, /\,

® rlesonance decays

p—e'e, Ty



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,=,Q,...) B

DOuter Crust:

driven by the pressure gradient in the early fireball -

Outer Crusy y Inner Crust:

Superfluld neutrons

Outer Core:
nnnnnnnnnnnnn
nnnnnnnnn

uuuu

AGS: proton flow in Au+Au collisions Azimuthal angle distribution: =
Pmax/Po: ~2 ~3 5 ~7 dN/dd = C (1 + v, cos(P) + v, cos(2d) +...)
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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 (M,K,p,A,Z,Q,...) ™ o Hiyanm
driven by the pressure gradient in the early fireball
» particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)

Outer Crust:
EEEEEEEEE

Outer Crusy Inner Crust:
Superfluid neutrans

Outer Core:
nnnnnnnnnnnnnn

uuuu

Direct multi-strange hyperon production:

pp - EK*K*p  (Ey, = 3.7 GeV)
pp — Q K*K*K*n (Ey, = 7.0 GeV)

pp — A°A°pp (Ey, = 7.1 GeV) o P
pp — E*E pp (Ey, = 9.0 GeV) L
pp > Q" Qpp (B =12.7 GeV Pe— \4—0 p
o . - D ‘e /O (uds),e P
Hyperon production via multiple collisions o
1. pp —» K*A%, pp — K*Kpp, K+ ._:\ _—->0—-c)-> _
2. pNO— K*Ep, TA'— K*E- T, /V \/\ (Ud’S)\:-(dSS) Q_
NON— E-p,  ANK- — E 7o ® ° P
3. N5 50n EKoQr K P \ (sss)

| - 0
Antihyperons P \ /A" (uds)
1. N0 K+ > BE*no

+@ p

2. BY K+ — QF 1. K



CBM physics case and observables

The QCD matter equation-of-state at neutron star core densities
> collective flow of identified particles (M,K,p,A,Z,Q,...) ™ o Hiyanm
driven by the pressure gradient in the early fireball
» particle production at (sub)threshold energies via
multi-step processes (multi-strange hyperons, charm)
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Superfluld neutrons
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Direct multi-strange hyperon production:

EE : ?‘2 iif(:iop ((Ethf - 38 22//; ()" production in 4 A GeV Au+Au
pp — A°A%pp (Eyy = 7.1 GeV) 0.000148 Erfes &7
pp —> E"Epp (Enr = 9.0 GeV) 0 e
pp > QY Q pp (Eyr = 12.7 GeV

Hyperon production via multiple collisions [~~~ " e
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HYPQGSM calculations , K. Gudima et al.

Antihyperons
1. N Kt —» E*n0,
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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,=,Q,...)
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)
pp —> E* E pp (Ey4r = 9.0 GeV)
pp > QF Q pp (B4, = 12.7 GeV

Hyperon production via multiple collisions

1. pp —» K*A%, pp — K*Kpp,
2. pNO— K*Ep, TA'— K*E- T,
NN— E-p,  ANK — E xO
3.N0E->Qn, EK->Q

Antihyperons
1. N0 K+ —» Ztr0 |
2. 58" K" - Q" it*.
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Quark Star Neutron Star
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Inner Core:
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CBM physics case and observables

Phase transitions from partonic to hadronic matter
» excitation function of strangeness: = (dss),=*(dss),€2(sss),Q*(SSS)
— chemical equilibration at the phase boundary

L . , TowZ g [ 24
Particle yields and thermal model fits 1 = N;/V = ———L = 21 / Py
o exp[(E;

Vo ou 2 — ;) /T £ 1
data
FAIR enc
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gm g*!**'* Pb-Pb |5,=276 TeV 3 8
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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

Phase coexistence

» 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
= — R R BRI T , 1 GeV/c? < M, < 2.5 GeV/c?
© 10? CBM Simulation 3 ama
= 1ok Au+Au 20A GeV 1 2
) ‘ central collisions = 225 WA ——T—
E 1 | E 200 ’f‘+"
E810_1 E > E 175 "J"‘-.//
1 = g
210 > | £ 1s0 7 e
S 103 e ] £ /
2 w 125 ' data J
104} / NO \eS
: 100 / £ A‘-R ene\’g
10} E 75 at
10-6-5 oo H—] 1 50
10—7 i ; n ot L —_ i ) 1 10
0 0.5 1 1.5 2 2.5 3 Collision Energy (\sy,) [GeV]

M., [GeV/c?]
The CBM Collaboration, arXiv:1607.01487



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

Phase coexistence

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

» anisotropic azimuthal angle distributions: “spinodal decomposition”

Spinodal decomposition of the mixed phase: net baryon number density fluctuations

10
C. Herold, M. Nahrgang, I. Mishustin, M.Bleicher
5 Nuclear Physics A 925 (2014) 14
E 0 é Jan Steinheimer, Jorgen Randrup
N g Phys. Rev. C 87, 054903 (2013)
Eur. Phys. J. A (2016) 52: 239
-5




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

Phase coexistence

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

» anisotropic azimuthal angle distributions: “spinodal decomposition”

Critical point

» event-by-event fluctuations of conserved quantities (B,S,Q)
“critical opalescence”

Au+Au Collsions at RHIC |
4l Iyl <0.5, 0‘4.:??;?;:?;3 | 4 moment Of n.et'p.rOton
_ ‘ﬂ] | multiplicity distribution:
sl R oot | critical fluctuations
[0 proton

Ko

STAR preliminary

NO da’(a
at FAIR €

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,p —>e*e (UH*H")
» dileptons at intermediate invariant masses: 4 m — p-a, chiral mixing
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— 200 >
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CBM physics case and observables

Onset of chiral symmetry restoration at high pg
» In-medium modifications of hadrons: p,»,p —>e*e (U Y)
» dileptons at intermediate invariant masses: 4 m — p-a, chiral mixing

CBM Simulation =
Au+Au 20A GeV
central collisions

3
M., [GeV/c?]



Yield (dN/dy) for 10° events

CBM physics case and observables

N-A, A-A interaction, strange matter?

» (double-) lambda hypernuclei

» meta-stable objects (e.g. strange dibaryons) gt FNR

3H -'-RH
—o— e

—=3,H

-
o
T
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e

10
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SIS100 \'Sny (GeV)

107

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

| :

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

- Multiplicity | Yield in 1 week

5 \H 5-10°6 3000
6/\/\He 1 ° 10_7 60

Assumption for yield calculation:
Reaction Rate 1 MHz

BR 10% (2 sequential weak decays)
Efficiency 1%



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, D°, D)

UrQMD calculation including subthreshold charm production via
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J. Steinheimer, A. Botvina, M. Bleicher, Phys. Rev. C 95, 014911 (2017), arXiv:1605.03439v1 40



Experimental challenges

Particle yields in central Au+Au 4 A GeV
Multiplicity ~ Statistical model, A. Andronic, priv. com.
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Experiments exploring dense QCD matter

high
net-baryon
densities
N 107: = e s
1 g CBM SIS100
D qp8L
g 0
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The CBM Collaboration, .. 10
arXiv:1607.01487 Collision Energy (ys,,) [GeV] 42
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Experimental requirements

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

DAQ/FLES HPC cluster Detector




Superconducting Dipole Magnet

field v12b

Labsolute B-Field [T]

10

400 500
Z-position (cm)

Large-acceptance superconducting dipole magnet.

The pole gap is 144 cm, the bending power 1 Tm.

Participating institutes:

Design by INR Dubna and GSI, under construction at BINP
Novosibirsk

45



Micro Vertex Detector

» Background suppression for di-electron measurements

> Determination of secondary vertices of open charm decays (T = 10-12-10-13 s)
» Improved tracking for hyperon-ID

The MVD consists of highly granulated Monolithic Active Pixel Sensors
(MAPS) arranged in four ultra-thin detector arrays positioned close to the
target. Determination of secondary vertices with high precision which is
required for the identification of charmed mesons.

Participating institutes: Univ. Frankfurt, IPHC Strasbourg

46



Silicon Tracking System
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The STS consists of about 1000 double-sided silicon micro-strip sensors
arrangeg in 8 detector arrays located inside the dipole magnet. The detector
provides track reconstruction and momentum determination for up to 1000
particles per event. The detector is operated at about -10°C, heat
dissipation of the front-end electronics 40 kW, bi-phase CO, cooling system

Participating institutes: GSI, Darmstadt, JINR Dubna, KIT,
INR Kiev, AGH and UJ Krakow, Univ. Tubingen, Warsaw UT 47



Ring-Imaging Cherenkov (RICH) Detector
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The RICH is used for the identification e e e
of electrons with momenta below 8 £ simulation | Enf data | §
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Participating institutes: i ™ . = 7 "
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Transition Radiation Detector (TRD)
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Challenge: g(e*)= 90%, €(n) = 7.5% at 100 kHz/cm?

The TRD consists of 4 detectors layers. It provides identification of electrons

with momenta above 1.5 GeV/c, and an energy-loss measurement
Participating institutes:

NIPNE Bucharest, JINR Dubna, Univ. Frankfurt, Univ. Heidelberg,
Univ. Minster 0



Muon Chamber (MuCh) System
|

Full size GEM detectors tested with free-streaming
read-out electronics at the CERN-SPS Nov.-Dec. 2016
ﬂ

The MUCH consists of a combination of 15 detector stations sandwiched
between one carbon and 4 iron absorber layers for hadron suppression. The
MUCH provides the identification of muons with momenta above 1.5 GeV/c.

Tracking station 1+2: Two Gas-Electron-Multiplier (GEM) detector triplets
Tracking station 3+4: two low-resistivity Bakelite trigger RPC triplets
Tracking station 5: four Transition Radiator Detectors (used only as trackers)

Participating institutes: VECC Kolkata + 12 Indian Inst., PNPI Gatchina ©°



The high-rate MRPC TOF wall
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ToF MRPC detectors tested with free-streaming read-out
electronics at the CERN-SPS Nov.-Dec. 2016

Multigap Resistive Plate Chambers (MRCP) provide the time-of-flight
measurement for hadron identification. Challenge: Time resolution of 60 ps at

rates of 25 kHz/cm?, inner part low-resistivity glass electrodes, area 100 m?

Participating institutes: THU Beijing, NIPNE Bucharest, GSI Darmstadt, TU
Darmstadt, Ifl Frankfurt, USTC Hefei, Univ. Heidelberg, ITEP Moscow, HZDR

Rossendorf, CCNU Wuhan -



Projectile Spectator Detector

PSD
Beam pipe

Fully assembled PSD module
T — at INR Moscow

f

The PSD is a lead-scintillator calorimeter and is used for the determination
of the collision centrality and the orientation of the reaction plane.
Participating institutes:

INR Moscow, Prague, Rez, TU Darmstadt
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CBM DAQ and online event selection

Front-end Self-triggered front-end

Electronic FEE [ - | FEE FEE | | FEE Al hits shipped to FLES
N N N N

Combiner GBTx | -~ | GBTx GBTx | - | GBTx | TByte/s Total

Input Data Rate
R T = 1000 links
Data Processing DFB DFB
Board i . FLES Interface Board
* FPGA based

* Optical input links

: X : * Fast PCle interface
First-level ’J FuB L”J LB W ﬁ e Ll i
: Node |[ Nede || Node || Node 1—__L_____
Event 0 Event selection in FLES
b \‘\l / ; processor farm
Se I ecto r : L : * High-throughput online analysis
1 Network H

® full event reconstruction

* 107 Events/s
* Vectorization and many-core
architectures

Permanent S * ~ 60.000 Cores
Storage
High-throughput
interval building
* InfiniBand

Novel readout system: no hardware trigger on events, detector hits with
time stamps, full online 4-D track and event reconstruction.

53



CBM DAQ and online event selection

Self-triggered front-end
All hits shipped to FLES

I TByte/s Total

Input Data Rate
= 1000 links

FLES Interface Board
* FPGA based
* Optical input links
* Fast PCle interface
* Large buffer memory

Front-end
Electronic FEE FEE FEE . FEE +-—
N N S N
Combiner GBTx| - [ GBTx GBTx | -+ | GBTx
~ae— ~aa—
Data Processing
Board DPB DPB
Fi rst_level FI:I'B FLIB FLB |. | FLIB /
N7, Node |[ Nede || Node || Node q—_._L_____
Event { LLI =
NN
Selector Network
Permanent
Storage Storage

Event selection in FLES
processor farm
* High-throughput online analysis
¢ full event reconstruction
* 107 Events/s
* Vectorization and many-core
architectures
* ~ 60.000 Cores

High-throughput
interval building
* InfiniBand

GSI Green IT Cube

Novel readout system: no hardware trigger on events, detector hits with
time stamps, full online 4-D track and event reconstruction.
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Test beams at CERN

» Prototype TOF, GEM, TRD and diamond detectors with common
free-streaming readout system and DAQ successfully tested.

» Pb+Pb collisions with energies of 13, 30 and 160 A GeV.

» Teams from China, Germany, India, Romania




Simulation and reconstruction

Event generators UrQMD 3.3
Transport code GEANT3, FLUKA
Realistic detector geometries, material budget and detector response
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Online particle identification in
The KF Particle Finder

Dileptons
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Tracks: e*, u*, n*, K*, p*, d*, *He*, ‘He*
primary and secondary

CBM:
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successfully used online in the STAR experiment




Simulations: central Au+Au collisions at 8A GeV and 10A GeV

Hyperons at 10 A GeV Dileptons 8A GeV D mesons 30 GeV p+Au
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Simulation and reconstruction

Hypernuclel in central Au+Au 10 AGeV
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Simulation and reconstruction
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reconstruction

Au beam 8 A GeV
one single ion

passing the target
Fairlon + GEANT3

Au+Au 8 A GeV
Au+Au 8 A GeV central collision

peripheral collision UrQMD + GEANTS3
UrQMD + GEANTS3

]
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4D reconstruction

Hit and track time distribution for
Au+Au 10 AGeV mbias events at 10 MHz (UrQMD)
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4D reconstruction

10 MHz Au+Au, 10 AGeV,

300k mbias UrQMD events, ideal PID

20k ﬁ S/B = 9.16
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For further reading ...

['he European Physical Journal volume 53 « number 3 « march - 2017

I

@ Recognized by European Physical Society

Hadrons and Nuclei

Compressed

== Baryonic Matter
.. Expeniment at FAIR

PROGRESS REPORT

2016

“Challenges in QCD Matter Physics — the 135 contributions, 220 pages

scientific programme of the Compressed ISBN 978-3-9815227-4-7.

Baryonic Matter Experiment at FAIR” _ _
https://repository.qgsi.de/record/186952/

files/CBM-PR-2015%20[pdf].pdf

Ablyazimoy, T. et al. Eur. Phys. J. A (2017) 53:
60. doi:10.1140/epja/i2017-12248-y



https://www-alt.gsi.de/documents/DOC-2015-Apr-43-1.pdf
https://www-alt.gsi.de/documents/DOC-2015-Apr-43-1.pdf

FAIR phase 0 experiments on dense QCD matter

QMM I .

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
at STAR/RHIC (BES 11 2019/2020)

3. Install, commission and use 4 Silicon Tracking

Stations and the Project Spectator Detector
in the BM@N experiment at the Nuclotron in

JINR/Dubna (start 2019 with Au-beams up to 4.5 A GeV)

TOF

4. Build miniCBM at GSI/SIS18 ™
for a full system test with
high-rate nucleus-nucleus
collisions from 2018 - 2021 §

STS
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The CBM Collaboration: 55 institutions, 460 members

China:
CCNU Wuhan
Tsinghua Univ.
USTC Hefei
CTGU Yichang

Czech Republic:

CAS, Rez
Techn. Univ. Prague

France:
IPHC Strasbourg

Hungary:
KFKI Budapest

Edtvos Univ.

Germany:
Darmstadt TU

FAIR

Frankfurt Univ. IKF
Frankfurt Univ. FIAS
Frankfurt Univ. ICS
GSI Darmstadt
Giessen Univ.
Heidelberg Univ. P.1.
Heidelberg Univ. ZITI
HZ Dresden-Rossendorf
KIT Karlsruhe
Munster Univ.
Tubingen Univ.
Wuppertal Univ.

ZIB Berlin

India:

Aligarh Muslim Univ.

Bose Inst. Kolkata
Panjab Univ.
Rajasthan Univ.
Univ. of Jammu
Univ. of Kashmir
Univ. of Calcutta
B.H. Univ. Varanasi
VECC Kolkata

IOP Bhubaneswar
1T Kharagpur

T Indore
Gauhati Univ.

Korea:
Pusan Nat. Univ.

Poland:

AGH Krakow

Jag. Univ. Krakow
Warsaw Univ.
Warsaw TU

Romania:
NIPNE Bucharest
Univ. Bucharest

Ukraine 2,2%

Hungary 1,1%

Russia:

IHEP Protvino

INR Troitzk

ITEP Moscow

Kurchatov Inst., Moscow
VBLHEP, JINR Dubna
LIT, JINR Dubna

MEPHI Moscow

PNPI Gatchina

SINP MSU, Moscow

Ukraine:
T. Shevchenko Univ. Kiev
Kiev Inst. Nucl. Research

CBM Scientists

China 9,2%
Czech Republic 2,2%
France 0,7%



Summary

 FAIR: Forefront research in nuclear, hadron, atomic, plasma and
applied physics. Construction started, full operational in 2025.
Installation/commissioning of experiments planned 2021-2024.

e CBM scientific program at SIS100: Exploration of the QCD
phase diagram in the region of neutron star core densities
Iarge dlscovery potential.

ns, hypernticlei and dileptons for dlfferent Deam energies
ISIoN Sy ﬂﬂs — terra incognita.

S‘tatus of experlment preparation: Prototype detectors fulflll
CBM requirements. Mass production starts in 2018

« FAIR Phase 0: HADES experiments with CBM RICH photon
detector, use CBM detectors at STAR/BNL and BM@N/JINR,
e and miniCBM at GSI




	Foliennummer 1
	Foliennummer 2
	Foliennummer 3
	Foliennummer 4
	Foliennummer 5
	Foliennummer 6
	Foliennummer 7
	Foliennummer 8
	Foliennummer 9
	Foliennummer 10
	Foliennummer 11
	Foliennummer 12
	Foliennummer 13
	Foliennummer 14
	Foliennummer 15
	Foliennummer 16
	Foliennummer 17
	Foliennummer 18
	Foliennummer 19
	Foliennummer 20
	Foliennummer 21
	Foliennummer 22
	Foliennummer 23
	Foliennummer 24
	Foliennummer 25
	Foliennummer 26
	Foliennummer 27
	Foliennummer 28
	Foliennummer 29
	Foliennummer 30
	Foliennummer 31
	Foliennummer 32
	Foliennummer 33
	Foliennummer 34
	Foliennummer 35
	Foliennummer 36
	Foliennummer 37
	Foliennummer 38
	Foliennummer 39
	Foliennummer 40
	Foliennummer 41
	Foliennummer 42
	Foliennummer 43
	Foliennummer 44
	Foliennummer 45
	Foliennummer 46
	Silicon Tracking System
	Foliennummer 48
	Foliennummer 49
	Muon Chamber (MuCh) System
	Foliennummer 51
	Foliennummer 52
	CBM DAQ and online event selection 
	CBM DAQ and online event selection 
	Foliennummer 55
	Foliennummer 56
	Online particle identification in CBM:�The KF Particle Finder 
	Foliennummer 58
	Foliennummer 59
	Foliennummer 60
	Foliennummer 61
	Foliennummer 62
	Foliennummer 63
	Foliennummer 64
	Foliennummer 65
	Foliennummer 66
	Foliennummer 67

