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Exploring the QCD phase diagram
at high baryon densities
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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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CBM physics case and observables

The equation-of-state at neutron star core densities
e collective flow of hadrons (driven by pressure)
e particle production at threshold energies (multi-strange hyperons)

Onset of chiral symmetry restoration at high p,
e in-medium modifications of hadrons (p,®,p —>e*e (uw))
e dileptons at intermediate invariant masses: p-a, chiral mixing

New phases of strongly-interacting matter
e excitation function and flow of lepton pairs
e excitation function and flow of strangeness (K, A, %, =, Q)

Deconfinement phase transition at high p,
 excitation function and flow of charm (J/, W', DY, D%, A )
e anomalouus charmonium suppression

Strange matter
e (double-) lambda hypernuclei &)
 strange meta-stable objects (e.g. strange dibaryons) g
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Challenges in QCD matter physics —
The Compressed Baryonic Matter experiment at FATR

8. Chattopadhyny,' M. Dovmuax,® ¥. Friesm,” T. Galatyuk* N. Hormonn,® C. Hkma,®
K.H. Knmpert,” A. Kugke," V. Ladygin® A. Towitk® H-R. Schmidt," P. Sanger,” ond N. Xu'?
{far the CHM Callabarnticn)

'vEor, Kolma, mia
"G’oma-L'mcrwu\ + om Main, Germany
G’B.I armesadk, Cermany
I Terkmisene t.mmrm Darmaod, Germany
nmnh-xmul’.'mmm' M:ldnmg reTIRaRYy

£ Jupows Lichig- Duiseratidl, Clefm, Cermany
" Universiige, Wupperial, ©ermang
UNFLCAS, el Coen Repuste
F IINR- VHLEEF, Dumag, Russs
g GTP, Mo Unaverauy for Toetmalsgy ‘and infarmagion (KT, 1157 oD, SqymEe
bmmkwht‘nhmg Tabingen, &emmany
3 LENL, Herbelry, LEA
(Dsed: 24 May F1E)

Subsanuisl experimental and cheormleal effors worldwide ere devmed w0 oxplone the phese di-
agrem of Srungly beoneung macer, At LHC and wp RHIC mongie, GO0 matkr s sudied &
vary high WmpOrRLUrGs and narly venshing no-baryon densiues. Thore s ovidonen thas 4 Quark-
Cluoa-Plesme (01 was crestod au experimencs at RHIC and LHC. The cransicion from che GOP
back w0 tha hedron gas |s fund wo be & SMOoLN £ross over. For Weger na-baryon densicos and lower
empanatares, it & oxporsad the che QT phase diggram exhibhs & rich siroecure, such & & drs-
order phase cranslclon bovwoen hadmnle and partonie mesoer which torminases in & erives] poim,
of apocle phesas like quarkyonie macer. The discovery of chese lendmearks would bes broakchroogh
in cur undensianding of the stroag Intermedion and & cherafone In vhe focus of wrous high-onergy
heRVYy-lon TesAICh programs. The Compromsosd Barponic Mesar (CBM) experiment & FAIR will
play & unigque roke In che orploracion of tie QO phasn dlagrem in the roghon of high net-baryon
densltis, Bocausy I 18 O0sgned 10 rUn Sl UNPreenentod InLrartion rewe. HIgh-rRie oporation B
whie kay prorequisice for high-procision messuremans of muld-diferomial cbssrblos and of rare di-
agnosle probos wihich are senaliive wo che dmse phase of the noclear Breball. The goel of che CHEM
experiment & SIS100 Ty = - 4.9 CoV) bs u dseover fundamencal propersies of QO maiar:
he equetion-ol-sae &t high donsicy as i & orpored w cecur In the come of neucron e, elfoes
of chiral symumary, and tho PRAS: SLrOCUre At large baryon-chombesl potontals (ua > B0 Mev).

Challenges in QCD matter physics —
The Compressed Baryonic Matter
experiment at FAIR

CBM Collaboration
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Messengers from the dense fireball:
CBM at SIS100

UrQMD transport calculation Au+Au 10.7 A GeV
E-, Q-, (p 1T, K, /\,

® resonance decays
p—e'e, Uy
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Experimental challenges

Particle yields in central Au+Au 4 A GeV
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Experiments exploring dense QCD matter
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Experimental requirements
(Hadrons incl. hyperons, hypernuclei)

HADES Dipole Silicon
Magnet Tracking

p+p, p+A
System

A+A (low mult.)

pectator
Detector




Hyperons in CBM at SIS100

Running scenario: Au+Au, C+Cat 4,6, 8, 10 A GeV
Example: Au+Au at 8 A GeV, 10° central collisions
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Open charm in CBM at SIS100

 Charm production cross sections at threshold energies
e Charm propagation in cold nuclear matter
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Experimental requirements

(Dileptons) Ring
| Silicon Imaging '
Dipole Tracking Cherenkovie !.‘Q\
Magnet\system A “. | Transition
PSSl Radiation

l \Muon pectator
Detector Detector



Leptons in CBM at SIS100

Simulation: Signal yields from HSD, Background from UrQMD

central Au+Au at 8 A GeV: 2x10° ® in 2 weeks
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CBM online data flow

Front-end
Electronic — e
Combiner ‘GBT}(| |GBTX \
Data Processing

DPB

Board

First-level
Event
Selector

Permanent
Storage

FEE FEE
|GBTx \ ‘GBTX |
DPB
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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

Event selection in FLES
processor farm
= High-throughput online analysis
® full event reconstruction
e 107 Events/s

* Vectorization and many-core
architectures

® ~ 60.000 Cores

High-throughput
interval building
* |nfiniBand
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Steps of event reconstruction

hits -
1. Time-slice sorting of detector hits:
First step in “pre-event” definition. g

2. Track finding — Cellular Automaton: Ty

Which hits in the detector layers belong to the same track?

— large combinatorial problem
— well to be parallelized
— applicable to many-core CPU/GPU systems

3. Track fitting — Kalman Filter:

Optimization of the track parameters.
— recursive least squares method, fast

4. Event determination

Which tracks belong to same interaction? ©B i
5. Particle finding: . A
Identify decay topologies and other signatures. ‘Q\
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4D Event Building

_ Hits at high input rates
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Reconstructed tracks clearly represent groups, which correspond to the original events
83% of single events, no splitted events, further analysis with TOF information at the vertexing stage
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Ring Imaging Cherenkov
(RICH) Detector
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More on technical developments
in:

CBM Progress Report 2015

CBM Collaboration

progress in the fields of
e detectors
e electronics
* DAQ
* computing
e simulations

http://www.fair-center.eu/en/for-
users/experiments/cbm/documents.html
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Tracking nuclear collisions

.

VTN
VIV
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Silicon Tracking System

1m

target MVD
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STS components

896 modules: fro“t'e”?' boaf‘* 8 stations, volume 2 m3, area 4 m?
4-5 modules 8 seIf-t:}igzgllréf * 896 detector modules
per ladder — 1220 double-sided microstrip sensors

~ 1.8 million read-out channels
~ 16 000 r/o STS-XYTER ASICs
— ~ 58000 ultra-thin r/o cables
e 106 detector ladders with 4-5 modules

* power dissipation: 42 kW (CO, cooling)

r/o cables

sensor

material
budgetin
physics
aperture

‘_ | |

[9X,]

I!ﬁ!l L!

r,f,,

w'ill 1

8 tracking stations 40-3020-10 0 10 20 30 40
18 half- 106 X [em]

units ladders
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34th Reimei Workshop, Tokai, Japan, 8-9 Aug. 2016 J. Heuser - Status of the CBM Experiment at FAIR 23



e 100

%

Efficiency |

34th Reimei Workshop, Tokai, Japan, 8-9 Aug. 2016

STS performance simulation

 detailed, realistic detector model based on tested prototype components
* CbmRoot simulation framework

* using Cellular Automaton / Kalman Filter algorithms

track reconstruction efficiency
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Silicon microstrip sensors

sensor structure:

285/320 * 15um thick
n-type silicon

double-sided segmentation
1024 strips of 58 um pitch
strip length 2/4/6/12 cm
angle front/back: 7.5 deg
read-out from top edge
rad. tol. up to 10% n,./cm?

r/o direction
@

n-side

prototypes from CiS, Germany and Hamamatsu, Japan
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Read-out electronics

* purely data driven read-out
* time-stamped data elements

STS-XYTER ASIC

128
sensor
channels

=

v1.0 produced
v2.0in 9/2016

UMC 180 nm CMOS

channels 128, polarity +/-

noise < 1ke- at 20-50pF load
ADC range linear up tol12 fC, 5 bit
clock 250 MHz

power < 10 mW/channel
timestamp <10 ns resolution
out interface | 5 x 500 Mbit/s LVDS

34th Reimei Workshop, Tokai, Japan, 8-9 Aug. 2016

Front-end Board

copper
link

time-stamped data

8 STS-XYTER chips
4 1/2/5 LVDS links out

under development

Read-Out Board

optical

‘ Processing

Board
time-slicing

L 4

FLES farm
online event
computing

data combining

GBTx chip-set (CERN):
3 GBTx, 1 VTRx, 1 VTTx, 1 SCA

42 E-links a 320 Mb/s
3 GBT optical uplinks a 4.48 Gb/s

under development /production
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Module assembly

GSI-Detector Lab
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System Integration
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CBM time line

TDRs: 2013 - 2017

production readiness of the sub-systems: 2016 —
2017 — 2018

construction: until 2020
ready for beam: 2021



Facility for Antiproton & lon Research

e ——

CBM cave + building
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Facility for Antiproton & lon Research

FAIR

* Decision to go ahea

* Funding of the modularized start version is cons:dered to be assured:
Commitments of the shareholders to cover additional costs of 148 ME.

* Building permits and all legal issues can be processed.

o AT

Aerial photo - April 2015
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FAIR phase 0

CBM plans to operate prototype sub-systems already before the
start of FAIR:

TOF: in STAR experiment at RHIC/BNL
RICH: in HADES experiment at SIS-18/GSI
STS: in BM@N experiment at Nuclotron/JINR

DAQ/FLES: in mCBM set-up at SIS-18

Aim: —commissioning of detectors under real exp. conditions
— physics measurements
— training of the teams



STS in BM@N experiment at Nuclotron

Mutual interest by CBM groups from Germany and Russia to install, commission and use

4 CBM-like Silicon Tracking Stations in BM@N in 2018 — 2021

dipole magnet

GEM

Au beams up to 4.5 GeV/u

— "Reconstructable” tracks |———
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The CBM Collaboration: 60 institutions, 530 members

Croatia:
Split Univ.
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CCNU Wuhan
Tsinghua Univ.
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Techn. Univ.Prague
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Quark matter in massive neutron stars?

Equation-of-state: Non-local SU(3) NJL with vector coupling
M. Orsaria, H. Rodrigues, F. Weber, G.A. Contrera, arXiv:1308.1657
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On-line event reconstruction

There is no a-priori event definition possible:
— no simple trigger signatures: e.g. J/Y — e*e and D,QQ — charged hadrons.
— extreme event rates set strong limits to trigger latency.
— therefore data from all detectors come asynchroneously.
— events may overlap in time.

The classical DAQ task of ,,event building” is now rather a
ytime-slice building”. Physical events are defined later in software.

Data reduction is shifted entirely to software:

— Complex signatures involve secondary decay vertices; difficult to
implement in hardware.

— maximum flexibility w.r.t. physics.

The system is limited only by the throughput capacity and by the
rejection power of the on-line computing farm.



Parallelization of event reconstruction

On “event” level: On “task” level:

e reconstruction with independent processes * digitizer, finder, fitter, analysis tasks:

e Exploit many-core systems with multi-threading: current readiness of parallelization

1 thread per logical core, 1000 events per core. ¢ employing different computing techniques
and architectures

) : Algorithm Vector | Multi OpenCL
g s0C | | I SIMD | Threading CPU/GPU
16(1]:— : : : : : Digitizers
A STS KF Track Fit v v v v
1400
ii STS CA Track Finder v v
i MuCh Track Finder v v v
1000
i TRD Track Finder v v v
8005 —
i RICH Ring Finder v v 4
00—
i Vertexing (KF Particle) v v
- Off-line Physics Analysis v
00
B 1 : 5 1 : : | | FLES Analysis and Selection v v
GT L1 ‘ I I | | I | | | ‘ | | L1 | L1 ‘ I | ‘
0 10 20 30 40 S50 60 70 80

Number of logical cores
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getector development for FAIR
Ing and analysis from experiments in the
r facilities of GSI, and FAIR

2Pace d st effective

768 cOMmPULE LcakineE BTREREIIooNS (1/3 now)
300,000 CPUs

12 MW cooling power
100 petabytes to store experiment data
data link from experiments: one terabyte/s




Current topics in STS development

signal-to-noise in module:
detailed understanding of sensor (degrading with
irradiation), microcables, ASIC: capacitive + resistive load

read-out with final electronics/DAQ

system integration: powering, cooling, final dimensions of
modules, ladders, support structures, board stack-up,
routing integration of target-MVD-STS into dipole magnet

preparing for production readiness:

assembly centers, tasks, component yields,

quality assurance specifications and procedures,
determination of timelines, contracts with industry (sensors)



Core teams of the CBM-STS project

Germany

e Darmstadt, Germany, GSI Helmholtz Center (GSl)

* Karlsruhe, Germany, Karlsruhe Institute of Technology (KIT)
e Tiibingen, Germany, Eberhard Karls University (EKU)

Poland

* Krakow, Poland, AGH University of Science and Technology (AGH)
e Krakow, Poland, Jagiellonian University (JU)

 Warsaw, Poland, Warsaw University of Technology (WUT)

Russia
e Dubna, Russia, Joint Institute for Nuclear Research (JINR)

Ukraine
* Kharkov, Ukraine, LED Technologies of Ukraine Ltd (LTU) ™ Partner
e Kiev, Ukraine, Kiev Institute for Nuclear Research (KINR)



Structure of STS-XYTER front-end

peaking time Vinr

&

FAST

TS latch :D

In \ e ’ﬁ/

= K/ stretch

SLO
SHAPER

5-bit flash ADC :{}

v.-ﬁ.[f'l:r‘r‘lin

peaking time
90ns

validate
&
store

UADE max

* Two-stage trigger allows fast time stamp and low trigger level
* Vir < Vapemin 2 the time measurement is validated by the energy

measurement — worst cases (noise) dropped
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FEB Types @ 10 MHz, Au+Au, 10 AGeV

FEB-1: 1 x 320 Mbps / STS-XYTER
FEB-2: 2 x 320 Mbps / STS-XYTER

preliminary FEB-5: 5 x 320 Mbps / STS-XYTER
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CA Track Finder at High Track Multiplicity

A number of minimum bias events is gathered into a group (super-event), which is then treated by the CA track finder as a single event

Time fraction, %
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Au+Au mbias events at 25 AGe\V

Stable reconstruction efficiency and time as a second order polynomial w.rt. to track multiplicity
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CBM-STS assembly flow

sensor procurement ASIC production ASIC protocol, DPB sensor procurement
JINR, Dubna AGH, Crakow WTU, Warsaw GSI/FAIR
v L v v v
sensor QA sensor QA ASICQA sensor QA sensorQA
JINR, Dubna KINR, Kiev U, Crakow GSI/FAIR, Darmstadt EKU, Tubingen
FEB micro cable micro cable
production production production
GSI/FAIR LTU, Kharkowv KIT, Karlsruhe
A h 4 h 4 A 4 A 4
A 4 A 4 A 4
engineering module assembly & QA module assembly & QA 5! module assembly & QA 5 module QA
LTU, Kharkowv JINR, Dubna GSI/FAIR KIT, Karlsruhe EKU, Tabingen
v v
ladderassembly & QA ladder assembly & QA
JINR, Dubna GSI/FAIR
read-out infrastructure cooling
GSI/FAIR GSI/FAIR EKU, Tibingen
y v v

unit assembly, system integration and commissioning
STS project teams at GSI/FAIR
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STS assembly centers: GSI and JINR

GSI Detector Laboratory,

support by BMBF- JINR and EU-Horizon2020 CREMLIN grants
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Module assembly

Complete assembly procedure established at both production centers:
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Search for physics signatures

Au+Au @ 10AGeV
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Costs and funding — CBM Start version

Dipol MAGNET
Micro Vertex Detector (MVD)

Silicon Tracking System (STS)

Ring Image Cherenkov...
Muon Detector (MUCH)

Transition Radiation Detector...

Time of Flight System (TOF)

Electromagnetic Calorimeter...

M secured

Projectile Spectator Detector...
® Expression of

| —
I
L
Online Systems (DAQ and FLES) # Interest

.1 to be assigned

Infrastructure
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CBM Micro-Vertex Detector

in the target

vacuum

Ultra-thin: CVD diamond, TPG \

Geom.
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MVD prototype

\ﬂ Thermal Pyrolytic Graphy
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/ Sensors: CMOS MAPS \

* Radiation hard,

e Thinned to 50 um,

* <150 mW/cm?,

e spatial resol. <5 um,

* R/O several 10 us/frame

/Customized FEE & DAQ:
TRB-based
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