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A rich structure of QCD at high densities!

Baryon Chemical Potential us

= First-order deconfinement transition + critical point

= Chiral restoration # deconfinement: quaryonic phase?

= Exotic phases
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A. Andronic et al., Phys. Lett. B 673 (2009) E. Bratkovskaya, W. Cassing
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The high density regime of QCD is accessible with heavy-ion collisions at moderate
collisions energies.
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Maximal net-baryon density (from hadron gas model): E, .., = 30A GeV (Vs,, = 8 GeV)
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Experimenta‘ Programmes

Fixed Target Collider
NA61 @ CERN-SPS BES @ BNL-RHIC
E =20-160 AGeV
Existi beam
Xisting Vs = 6.4 — 17.4 GeV Vs = 7 — 200 GeV
Planned / Under '\\A/:Dg{'\ﬁ_gf\f
Constuction AR

Pioneering: AGS (2 — 11 AGeV), NA49 (20 — 158 AGeV)

but only first glance with limited phase space and/or statistics
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SIS-100/300:
protons:
max: 90 GeV
jons:
max. 45 GeV
up to Z/A=0.5
(35 AGeV Au)
intensities:
up to 10° ions
per second at
CBM



S
The FAIR Project

Facility for Anti-Proton and lon Research At GSI, Darmstadt

Hadron physics 2 I B R &P e T S
with anti-proton o g s 3 Spsr TR
beams

Nuclear structure
physics with rare
isotope beams

Plasma physics
with short-pulsed
heavy-ion beams

Atomic physics with
highly charged ions
and low-energy
anti-protons

Nuclear collisions:
CBM

lon beams 109%s
10 — 45 AGeV
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!xp'ormg Bense Ha!!er

= Only vague guidance by theory:
= present lattice QCD does not extend into this regime
= rely on effective QCD models

= Characterise the medium systematically in terms of collision
energy and system size:

= strangeness, charm, flow, fluctuations

= Look for discontinuities signalling phase transitions or critical
behaviour
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O. Lynnek et al., Nucl. Phys. A 786 (2007) 183

= Close to kinematic production
threshold: total charm cross
section experimentally unknown

= Both hidden and open charm are
expected to contribute to the
total charm production

= Predictions for A+A rely on
parametrisation of experimental
data: large uncertainties towards
threshold
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UAZ2 pp; PLB 236, 488

MUON cosmic rays; NPB 122, 353
PAMIR cosmic rays; NPB 122, 353
NA32 p+A; PR 433, 127

E769 p+A; PR 433, 127

NA16 p+A; PR 433, 127

NA27 p+A; PR 433, 127

E743 p+A; PR 433, 127

E653 p+A; PR 433, 127

HERA-B p+A; PR 433, 127

NASO p+A; PR 433, 127

NABO In+n (preliminary)

STAR d+Au; PRL 94, 062301
STAR Au+Au (preliminary)
PHENIX p+p; PRL 97, 252002
PHENIX Au+Au; PRL 94, 082301
PHENIX Au+Au; PRL 88, 192303

NLO with CTEQEM
NLO Uncertainty Bound

(from R. Vogt, arXiv:0709.2531)




R. Arnaldi et al. (NA60), Nucl. Phys

. A 830 (2009) 345¢
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= Dissociation of bound c-cbar pairs
due to Debye screening in presence
of free colour charges

= Anomalous suppression (on top of
nuclear absorption): observed first at
SPS for most central Pb+Pb

= Many discussion, many effects
(comover absorption, regeneration)

= Precision reference data in p+A
indispensable

= Stays a prime messenger of a
deconfined phase

= Can we see an onset of J/
suppression at lower energies?
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partonic:
+
hadronic pQCD
statistical
hadronisation
W. Cassing et al., Nucl. Phys. A 691 (2001) 753 A. Andronic, et al., PLB 659 (2008) 149
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Quite different predictions from hadronic and partonic models:

charm production is sensitive to the phase of matter
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Charmonium / open charm

2la
SE1E
E * HSD
B v
10" SHM The ratio of hidden to open charm
= seems a very promising probe of
B the production process!
102
- - .
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HSD: O. Linnyk et al., Nucl. Phys. A786 (2007) 183
SHM: A. Andronic et al., Phys. Lett. B 659 (2008) 149
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At the energies under debate, charmed hadrons are extremely rare — O(107°)

Are they experimentally accessible?

V. Friese
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Rare Proges, HigH Rates

* The key to charm at FAIR energies is a high-rate experiment
— typical rates of existing experiments: several 100 Hz
— MHz rates nothing special in particle physics experiments
— what prevents us from doing a MHz heavy-ion experiment?

e What we need:

— fast and rate-capable detectors
— fast read-out electronics
— radiation-hard detectors and electronics

— high-throughput data acquisition and efficient online data selection
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Electron + Hadron setup Muon setup
TOF ECAL .

absorbe
r +

A e

STS+MVD
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Detector systems
Main tracking device: STS

— low-mass silicon strip detectors in magnetic diplole field
— tracking efficiency > 90 %
— momentum resolution = 1%
Micro-vertex detector for open charm: MVD
— low-mass silicon pixel detector close to the target
— high precision (resolution = 3 um)
Electron identication: RICH and TRD

— RICH with CO, radiator, two focal planes and MAPMT photo detection

— several layers of thin TRDs with MWPC readout

Hadron identification: TOF
— RPC wall at 10 m flight distance, resolution <= 80 ps

Muon identification: active absorber system

— several absorber / GEM detector layers
ECAL for photon and electron identification

— lead/scinitillator sandwich

Event characterisation: PSD

— compensated forward calorimeter



The challenge

typical CBM event: about
700 charged tracks in the
acceptance

strong kinematical focusing
in the fixed-target setup:
high track densities

up to 107 of such events per
second

= to be reconstructed
precisely, fast and with high
efficiency
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Proximity-focusing RICH with granular MAPMT
readout
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Instrumented absorber (225 cm Fe total, 6 x 3 GEM / straw tube detector layers)
Allows tracking through the system
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L
Micro-Vertex Detector

MIMOSA 26 station design prototype

The key to open charm is a high-precision, ultra low-mass vertex
detector
— MAPS: integrated electronics, very low material budget, very precise
(3 um)
— Not intrisically fast and radiation hard, but tremendeous progress:
40 ps r/o frame, stands up to 10% n_ /cm?

— now almost ,state of the art” (STAR, ALICE. NA61 upgrades)
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The Big Challenge: Data Reduction

At 10 MHz, online data reduction by = 1000 is mandatory

Trigger signatures are complex (open charm) and require
partial event reconstruction

CBM FEE 120 700 ——
_,__on/near Detector ._|‘m CBM Service Bldg. ,_|‘m 'Green Cube'
Thyb! ! v 1
FEB .. 'hub opto ek [3]3:) - FLIB  FLES

1 GB/s

|sTs,TRDMUCH, ..

1 TB/s

| ToF,.7 |

Need extremely fast reconstruction algorithms!
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!ree-s!reamlng Ba!a *CQUISI!IOH

conventional ceM No hardware trigger; self-
system
Detector
[ | | Self-triggered Front-end.

FEE buffer All hits shipped to DAG).

Et ‘% expected bata push architecture

raw data flow |
1TE Readout buffer outside i i

S ~1TB/s oL L s Signals get time stamp from
buffer decision times of 10-100 ms

High-throughput
event building

- First-level event
Processor selection e e
farm in processor farm Data aSSOCIatIOn,
Storage

No a-priori association of signals to physical events!
,Event building” becomes non-trivial at high rates
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Detectors Det.
Front-end FEE
Buffers Buf.

Readout Buffers/
Data Combiners

First-level
Event
Selector

Permanent
Storage

Det. Det. Det.
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Buf. Buf. Buf. /
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Input Input ;
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V. Friese

. Self-triggered
front-end

All hits shipped to FLES

| TByte/s Total

/ Input Data Rate

~1000 Input Nodes

N / * Fast PCle interfaces
: High-throughput

event building
¢ |nfiniBand QDR

pr—

<« |Event selection in

FLES processor farm
¢ High-throughput online
analysis
¢ 107 Events/s

* Vectorization and many-core
architectures

e ~ 60.000 Cores
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Highly parellel reconstruction codes are developed

Many-core scalability was demonstrated

Event reconstruction on ms level is already achieved

Still some way to go though....
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CBM Time Line

. organgsnams Anfang Ende  oogg om0 J2om1 |21z J2013 J2014 [2015  [2016  [2017 |2018 |201c
a H1 [H2 [H1 [H2 [H1 [H2 [H1 [H2 [Ht [H2 [H1 [H2 [ [H2 [H [H2 [He (e e H2 [
1 : : : B : : : : B : :
2 FAIR Civil Construction Fr06.41.09  Mi09.05.18
3 Fa Planning, Tendering, Construction of Site and Buildings Fr 06.11.09 Wi 03.0518
4 E Ready to move in HEBT Connection S1518- SIS100 Fr29.0416 Fr29.04 16
5 Fd  Readytomove in HEBT SI3100 Fr29.0416  Fr20.0416
& L] Ready to move in SI5100 Fr23.0416 Fr23.0416
7 e Ready to mave in HEBT - T1xH1 . Mo 01.0517 Mo 010517
g E Ready to move in Multifunction Caves (CBM, HADES) Mo 010517 Mo 010517
a L] Ready to move in HEBT -T1F1 .. Fr28.1016 Fr281016
10 E Ready to move in Super-FRS Fr 281016 Fr 2581016
" Fd  Readytomove in HEBT TAPT .. Mo 230117 Mo230147
12 E Ready to move in p-har Target Mo 230117 Mo 230117
13 Fd Ready to move in p-LINAC
14 [Fd Resdy to move in CR: CBM d n M 1 20 17
15 [  Readytomove in HESR Ca Ve rea y " a y I
16
17 FAIR Accelerator for Set-Up Phase Mo 01.06.09  Fr 28.09.18
18 Module D -3 Mo 010609 ho 010609
18 Systems Block 1 of Mod 0-3 Mo 01.06.08 Do 22.02.18| §
20 HEBT Connection SIS18 - SIS100 (T151, T152, T153, T1S4) Mo 01.06.09  Mi01.0317| |
103 Super FRS Mo 01.06.09 Do 22.02.18
168 Systems Block 2 of Mod 0 - 3 Mo 04.06.09  Fr 28.09.18
169 HEBT-SIS100 (T8DU) Mo 01.06.09  Mi 01.03A7
27 515100 Mo 01.06.09  Fr13.1047|
372 HEBT - TA%1, T1C1, TAM-TAC2,THCA - TAX2,TXLA,TXL2,TXL3, TXL4,TPP1,] Mo 01.06.09  Di03.0418
453 Multifunction Caves (CBM HADES) Mo 04.06.09  Fr 28.09.18
533 Systems Block 3 of Mod 0 - 3 Mo 01.06.09  Fr14.00.18/ —— - : : : : -
534 HEBT - TAF1,TAF2,TFF1, TS¥1, TSF1, FRF, TFC1
£14 HEBT - TAP4, TAP2, TCR1, THS1 SIS 1 OO read . Oct 1 3 20 1 7
594 p-bar Target y u u 7 [E)
774 p-LINAC Mo 01.06.08 | Do 15,0218 | iy
&85 CR Mo 04.06.09  Mi 25.0416| @ 3
935 HESR Mo 01.06.09  Fr14.09.18 |

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

R&D detectors &
read-out systems

construction detectors &
read-out systems

installation,

commissioning

first data
taking
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e
Instead of a Summary....

.... things are moving on!
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