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Motivation

t = 15 billion years
T=3K (1meV)

Today

Solar system

Quasars.
Galaxy formation

Epoch of gravifonal collapse

Recombination
Relic radiation decouples (CBA)
Matter domination
Onsetof gravitational ins ability

Nucleosynthesis
Light elements created - D, He, Li

Quark-hadron
transition

Expectations
OCD Critical Points

t=10"sec
T=1 GeV

Electroweak phase transition
Eleckomagnetic & weak nuckear
forces become difieren fated:
SUESU(IUT) > SUGE)NU)

Hp=350-400 MeV,
Ty=150-160 MeV

The Parlic Desert
Axons. supersymmelry?

Grand unification transition
G -> H > SUNSU(U(1)
Inflafon, baryogenesis,
monogoles, cosmic stings, elc.?

Statistical model:
- for ug << my the thermal degrees
of freedom dominated by mesons

- for higher ug more baryons are
excited

The Planck epoch

Chiral transition:

Mg = ugp - first order
Mg < ug - crossover
realistic u,d,s masses

based on OQCD

Quark-Hadron continuity:

-
-
-
Liquid-gas phase transition: —
by =924 MeV Superfluid : Superconducting B
ny = 0.17 fmr nuclear matter ? quark matter
.
-
-
- >



https://www.nature.com/nphys

GSI/FAIR strategy:
Staged realization along the beam towards MSV

p-Linac

Collector SUPCT-I K. P SIS-100 accelerator will deliv
RiIl CR o - accelerator eliver:
g(CR) CBM Cave
- heavy ions (Au) up to 11A GeV
present status Vs, =4.7 GeV

- light ions (e.g. Ca) up to 14A GeV

Vs =5.3 GeV
- protons up to 29 GeV
Vs - 7.5 GeV



Experiments exploring dense QCD matter

high
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CBM at SIS 100 Our contribution to:

Time of Flight EMCAL
Transition
Radiation
e i
Detector . L1
: I.I —— [
Rln_g _ =4 h.~l--‘. .
Silicon Imaging ' ‘
Tracking Cherenkov
Dipole System

Magnet

Micro
Vertex

Detector

Projectile
Spectator
Detector



CBM requirements & challenges ~¢-

The Challenges:

* very rare probes in Aut+Au

Requirements: at reaction rates up to 107events/sec

Tracking: STS, TRD * Rates from 1 kHz/cm? (27 ) to 20 -100 kHz/cm? (3 )

Vertexing: STS

the detector level

Hadron ID : TOF » ~1000 charged particles/event

Electron ID: RICH, TRD, ECAL <e_Hit density from 6 10-%/dm?’ to 1/cm*> _>
v, n: ECAL

* fast and radiation hard detectors

* free-streaming readout electronics

e online event selection

MERORSEEERRESE nany
:31.5<pT<2.0 GeVic

TOF m? (GeV/c?)?

Y o

KF Particle Finder with ToF track ID: Au+Au @ 10AGev SIS100 0 20 40 6 8 100 120 140 160
v : (TRD dE/dx) (keV-cm?/g)




In-beam tests @ SPS, Nov.-Dec. 2015

MGMSRPC time resolution and efficiency

Time - velocity correlation Time - velocity correlation

hDTD4DT04D4best_py hDTD4DT04D4best_py
L Entries 16875 - Entries 16875
- Mean 21.91 3 Mean 21.91
1500 RMS 83.11 10 E RMS 83.11
o %2/ ndi 5.837 /15 E %2/ ndf 5.837 /15
r Constant 1723 +17.4 B Constant 1723 + 17.4
: lwietd T o
- 1000 C T =T
C 10 =
500 - i
C 1L I
| L M, W B E. .01 e A
-1000 -500 0 500 1000 -1000 -500 0 500 1000
ATO04 [ps] ATO4 [ps]
A ot ~ 50-60 psec
s T Cluster size ~ 1.8-2 strips
e FAR

= G £€290%

TRD - tracking and position resolution

vertex (cm)
o N A O ™

yield

+ - ==
3 vertex cm) , |

0 20 40 60 80 100 120 140 160 180 200 220
distance to vertex (cm)




Cluster size Efficiency

System time resolution (ps)

Calibration & analysis of November-December 2015 in-beam tests @ SPS
Pb beam of 304 GeV on a Pb target

HCRMGMSRPC
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Integration of Bucharest RPC in mCBM Experiment @ SIS18
FAIR Phase0

.......... , APLAC simulation

..........................
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R=194 Outputt 2017-proj-1/2-DS-REC TRAN Analysis
APLAC 8.10 Student version FOR NON-COMMERCIAL USE ONLY
Output2 250
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. . The two stacks in parallel will have an equivalent impedance of 97 Q
Readout electrode: 9.02 mm pitch= 1.27 mm width + 7.75 mm gap

High Voltage electrode: 9.02 mm pitch= 7.37 mm width + 1.65mm gap D. Bartos et al., arXiv:1708.02707v1

Signals delivered by NINO and PADI FEE
(March 2014)
RPC212 prototype
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Inner zone of the CBM-ToF




Inner zone of the CBM-ToF




In-house tests
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Assembling & Tests of important components of large scale experiments
Upgrading the DetLab ceiling




November—December 2016 in-beam tests @ SPS
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Ngyember-D
Pb beam of 13/3

2016 in-beam ests @ SPS
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TRD Prototype Performance : Signal - Particle Rates

in-beam results measured E

@ CERN-SPS for Pb-Pb ~

150 AGeV 10°
10°

harmonics
55HZ/k
k=1,2,3, ...

TTTTIT — T LT T — T LI
|‘ Rate Spectrum for FPGA[1] FASP[0] CH[10] ‘

unch

Bhnch

2 Rate estimation as inverse of
time between consecutive
hits/channel

¥Structures of SPS beam are
indicated on the figure

2 Theoretical limit of FASP
(>1.5 MH2) reached

10" 1 10

Feeding pulser signals to the DAQ through
- anode wires/FASP/ADC/GETS
- tested up to 1.3MHz/channel without data corruption
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Assembling and tests of 2 new RPC prototypes
In mCBM

FAIR Phase0 @ SIS18

In house tests

target chamber
incl. diamond TO

Walk correction rpc2 - Walk correction rpcl ‘ P
" &F g —————— = mSTS - /
‘g t Entries a0 ‘g Entries 30 y I
8 Mean -0.4954 8 sor- Mean -0.2786 :

sl I c AN '/iiﬁ,

Constant 556149 Constant 569151
40:‘ Mean 0.2497 £ 0.3366 Mean 0.5401 + 0.4748 i
Sgma 3712037 a0 Sgma  3598+0.499 mTOF
' mRICH
s o= 65|ps i; G =64+9ps mCBM setup 25x RPCs
March 2019
af o 100g
i 7 90E
10f- : 10+ Rl E
ol L ol o = T0E
-40 -20 0 20 40 60 -40 -20 0 20 40 60 2 E
time (channels) time (channels) 8 60 =
S 50E
o o F
£ 40t
E 30 ;
Q 20 = DUT 601 i i H
48 3 run 159- 173, Ana’TeslBeam
n 10E ; z : : :
= | | | | | | | | |

"”715 Yn16§n16$n16$n16¥n16¢n16§016§01 751 75



HCR-2D position sensitive TRD




Prototype Performance : Signal - Particle Rates

laboratory results measured for X-rays
irradiation of constant intensity @
variable distance
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DAQ

FASP 02

FASP-FEE & free running mode
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Free running mode DAQ
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Buch-TRD geometry and chamber + FEE signal characteristics

integration in CbmRoot
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FASP 03

FASPRO-DR

HCR-2D position sensitive TRD — FEE & DAQ

FASP board FASP adaptor

TOP-VIEW

ADAPTER; s 1/)/,/p
+ ni

READY for;;
bonding and
connecting

BOTTOM.NIEW

.

GETS - General Event Time Serializer
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3 — s = = 1=
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= | FEAST s B | i
= -| - 3| :
2 = — (= =
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Hdw chain (PCBs) to connect FASP FEE to the C-ROB3 and their realization status

IFIN=HH/DFH
GETS1 niham.nipne.ro ",H

ks W\ ’ T‘ ‘
Bab ad

S

FASPRO

. FASP : Production ready for up to 80 pcs (45 % of 1 module)
ready o
Bonding in progress
. Iilelgels](s11]| FASPRO : tested, fixed, 9 pcs available.

. GETS : Design ready; components available (PolarFire)
. el Production ready (details solved)
GETS2SATA : Connector board

Convert 1/O to 4 SATA cables
Design not started (1 month)

C-ROB Adapter : Maps 5x4 SATA input cables to FMC connector on C-ROB
Design not started (1 month)

C-ROB3 : 1 pcs available in Bucharest
We might need another one .@.
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HPD Physics within CBM

SIS-100 accelerator will deliver:

E lhp tic -ﬂ ow - heavy ions (Au) up to 11A GeV
‘ squeeze-oul =
directed flow \js“. =4.7 GeV
elliptic flow S A A
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. ide-splash, bounce-off s.\'N= 5.3 GeV
© - protons up to 29 GeV
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- NN
e ®
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directed flow -—
target region
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Physics topics prepared for data analysis @ CBM

Au-Au
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UrQMD
- M.Bleicher et al., J.Phys. G25(199)1859

JAM
- Y. Nara, EPJ Web of Conf. 208(2019)11004
- M.Isse et al., Phys.Rev. C72(2005)064908

- C. Zang et al., Eur.Phys.J Phys.Rev. C97(2018)064913
- Y. Nara et al., Eu.Phys.J. A54(2018)1



Physics topics prepared for data analysis @ CBM

Au-Au
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Physics topics prepared for data analysis @ CBM
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Input for ——>  Applied research —> Technological transfer

Application: high sensitivity whole—body PET imaging.
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Training & teaching
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