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Mapping the QCD phase diagram

with heavy-ion collisions 17 April 2007
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Experimental challenges 17 April 2007
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Central Au+Au collision at 25 AGeV:
URQMD + GEANT4
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» 10 Au+Au reactions/sec
(beam intensities up fo 10 ions/sec, 1 % interaction target)

» determination of (displaced) vertices with high resolution (= 30 um)

» identification of electrons and hadrons



Feasibility studies 17 April 2007

Event generators: URQMD, PLUTO
Transport: GEANT3,4 via VMC

ECAL

TOF

» Radiation hard Silicon pixel/strip detectors in a magnetic dipole field

> Electron detectors: RICH & TRD & ECAL: pion suppression up o 10

> Hadron identification: RPC, RICH

» Measurement of photons, no, n, and muons: electromagn. calorimeter (ECAL)



CBM R&D working packages 17 April 2007
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The Russian Federation signed the FAIR
Convention on 4 October 2010 in
Wiesbaden and declared its contribution to
the FAIR construction to be 178.05 M
Euro.

The State Atomic Energy Corporation
""Rosatom'', who is the Russian funding
agency in FAIR, has established a legal
body called Scientific and Technical
Committee (STC) for FAIR to organize the
Russian activities in the FAIR GmbH. The
STC consists of 15 well-known Russian
physicists from Russian participating
institutes and chaired by Prof. A. Vasiliev
from Institute for High Energy Physics,
Protvino.



CBM Collaboration ( Russian part)

1. JINR, Dubna

2. PNPI, Gatchina
3.INR, Moscow

4. ITEP, Moscow

5. MEPhI, Moscow

6. Kurchatov Institute
7. SINP-MSU, Moscow
8. IHEP, Protvino
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The CBM experiment
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Setup CBM@SIS100

ECAL
(Phase 2)

Projectile
Spectator

____,_...--"'"""_ H"'—"“Jﬂ’ :\_ - =
-

e

Silicon
Tracking
System

Micro
Vertex
Detector

DAQ/FLES HPC cluster (reduced)




Physics goals of CBM@SIS100

Physics of compressed baryon
matter

1.Collective flow

2. Event-by-event fluctuations and
search of QCD critical point

3. Chiral symmetry restoration

4. Strangeness enhancement

Observables in the CBM project

Reaction plane, multiplicity,
azymuthal distribution

Deviation of multiplicity
distributions from Poisson
expectation

Broadening of the in-medium
spectral functions

Multistrange hyperon production
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5. Hypernuclear physics

6. Charmonium suppression

7. Bremsstrahlung of direct
virtual photons

Search for double Lambda
hypernuclei

Open and hidden charm
production

Excess yield of lepton pairs

14



Superconducting Dipole Magnet

SC Magnet: JINR Dubna, BINP Novosibirsk
field v12b
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Status:

TDR approved by FAIR in January 2014

» Financed 100% by Russian Project funds (4.69 M€ in Euros of 2016)

» Collaboration Contract with Budker Institute Novosibirsk signed Dec. 2016
Conceptional Design Review with internatl. experts in May 22-24, 2017
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Micro Vertex Detector
Univ. Frankfurt, IPHC Strasbourg

&Background suppression for di-electron measurements 12 -
>Determlnatlon of secondary vertices of open charm decays (t=10 -10 s)
Improved tracking for hyperon-ID
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tatus:
§Prototyplng well advanced with PRESTO module: integration concept (vacuum operation / material budget) demonstrated
>Dedicated CBM sensor in synergy with ALICE-ITS upgrade: improved in-pixel logic and data throughput, R/O time ~ 5 ps.
TDR to be submitted in 2017
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Silicon Tracking System

» Charged particle track reconstruction, momentum determination

Core teams: Darmstadt, Dubna, Karlsruhe, Krakow, Kiev, Tubingen, Warsaw
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L CiS (Germany )y Hamamatst) (Japan)

Module assembly at GSI and JINR

Status:
TDR approved by FAIR in July, 2013

[ . "
.Progress in establishing QA processes and module assembly procedyres, 5
.Radiation tolerance of sensors tested upto neq (1 MeV) =2 x 10 /cm ,
.Second design iteration of the STS-XYTER ASIC finalized,

Progress in engineering design and system integration.

()‘Qntracts signed with:
>JINR/Dubna on production of 50 % of detector modules,
KIT/Karlsruhe on production of 40% of detector modules,

Contract ready for signature with Polish groups on the development and production of ASIC and parts of the read-out chain.

17
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Successful Multi Project Chip Prototyping for CBI

CBM-TOF goes for FAIR Phase 0 at
STAR with Get4 and PADI

CBM-STS can now do detector
prototyping and for production
readiness

CBM-TRD can now do detector

prototyping

5 final prototype chips for CBM:
STS-XYTER and Much-XYTER
Get4 in two versions for TOF
PADI production for CBM@STAR
SPADIC for CBM-TRD




CBM " ToF

Beam energy Au + Au 4A GeV 10A GeV 25A GeV

Max. rate of all particles [kHz/cm?]

Max multi-hit prob. of all part. [%] 3.4 5.8 7.4
Max rate of prim. particles [kHz/cm?] 12 20 25
Max multi-hit prob. of prim. part [%] 1.3 2.4 3.6

—
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The high-rate MRPC TOF wall

> Particle identification
Challenge: Time resolution 50 ps up to 25 kHz/cm . Total area 100 m

THU Beijing, NIPNE Bucharest, GSI Darmstadt, TU Darmstadt, IfI Frankfurt, USTC Hefei,
Univ. Heidelberg, ITEP Moscow, HZDR Rossendorf, CCNU Wuhan.
- — ,
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ToF MRPC detectors tested with free-streaming read-out electronics at the CERN-SPS
Nov.-Dec. 2016

tatus:
> TDR approved Feb. 2015
> Successful test of a stack of 11 MRPCs and a Diamond start detector
Series production of MRPC for participation in STAR starts soon in USTC and Tsinghua )
20
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CBM ToF

Running
(Mar. 2017)
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CBM; i'.TOF Conceptional Design of MRPC3a

_~ Nylon column Reading out PCB
[

— Mylar  Honeycomb board —.
7

__— HV electrode glass

> Low-resistive glass

———— HV electrode glass

~__ Nylon monofilaments
spacer

PCB dimension

The picture of a real-size prototype of MRPC3a. Gl Cmenion

Gas gap number
Gas gap width
Strip pitch
Strip length
Strip number
Detection area

| 336 X 338 X 262 mm’ [ | Height

g xgi— - 20d giack
&=

The sectional sketch of the double-stack MRPC3a.

360 x 338
330 x 276
2x4
0.25
7+3
270
32
317 %270
26.2
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IlenTpajbHas 4acTh ,ueTelcTopa TOF (BFTC)

TA of efficient events. time is not corrected for TA

8

czB88883

100 150 200 250
‘Chamber resolution ig 67.9 ps after reference time resolution subtraction

Efficiency, [%]

hTcor
Entries 44416
Mean 0.6448
RMS 5.627

| L L
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Flux, [kHz!cm*]




Ring-Imaging Cherenkov (RICH) Detector

> glectron identification

Univ. GieBen, Univ. Wuppertal, PNPI Gatchina, GSI

tatus:
RICH geometry with bended photodetector plane for optimized ring detection in large
> acceptance fully implemented in simulations
> First version of RICH readout chain produced, assembled, under test in lab
> 400 out of 1100 H12700 MAPMTs delivered and tested

Concept for new structure of mirror wall with substantially reduced material budget First
software correction cycle for mirror misalignments ready

24
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** New “cylindrical” geometry BavCimpleranteddn PEYROOBL i O N

E.Ovcharenko

S.Lebedev

llllllll,mmu

i

G
¢ and fully tested.
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‘:‘ . . . . .
. We also implemented a ne .

.
* Even with a shifted detector, we still need shielding box (magnetic protection).

o
* The shielding box have to be recalculated for the new detector geometry.

E.Ovcharenko

D. Tyts

Here we used a realistic approximation in order to see how it looks all together.
Then try to implement our detector model in the general CBM CAD project.

26



Transition Radiation Detector (TRD)

» glectron identification, energy-loss measurements

NIPNE Bucharest,
Univ. Frankfurt, [} 3
Univ. Heidelberg,
Univ. Munster

Challenge:

g(e )= 90%
g(n) = 7.5%
at 100 kHz/cm " 4

e i
<p.

- Prototype TRDs tested at the 4 £ 4 : T
.' CERN-SPS in Nov.-Dec.‘ T AR,
%ﬂtus: ] & > L LA S, KT 1 s —
New simulations: measurement of intermediate mass di-electrons and on the identification of
> fragments via their energy loss in the TRD gas. )
Design and construction of four large detector modules (95 x 95 cm ), tested with heavy ion
beams at the CERN-SPS in Nov. - Dec. 2016. Successful test of a realistic read-out chain
> employing the SPADIC v1.0 ASICs and FLES-DAQ.
Internal evaluation of TDR by external experts March 14-15, 2017

(V. Angelov, T. Kirn, C. Rembser, W. Riegler, E. Scomparin) 27
27
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Muon Chamber (MuCh) System

> Muon identification

VECC Kolkata + 12 Indian Inst., PNPI Gatchina, JINR Dubna

&

MuCh at SIS100: 2 GEM triplets,

; ; Full size GEM detectors tested with free-streaming read-out electronics at the
2 tracking detector tripletts, TRD CERN-SPS Nov.-Dec. 2016

Bakelite trigger RPCs under investigation for stations 3 and 4.
Required for high rate (kHz) operation: low resistivity Bakelite

tatus:
> TDR approved in Feb. 2015
> GEM construction sites are under preparation in India.
> The GBTx emulator was implemented and tested.

In-kind Contract with VECC Kolkata and Collaboration Contract with PNPI

St. Petersburg close to signature 28 28



Projectile Spectator Detector

> determination of collision centrality and orientation of the re
INR Moscow, TU Darmstadt, Prague, Rez

Fully assembled PSD module
at INR Moscow

tatus:
> TDR approved Feb. 2015,
> A few versions of PSD readout electronics tested at CERN (Nov. 2015 — April 2016),
19 PSD modules (out of 45) have been fully assembled, and tests with cosmic rays at INR
> Moscow are ongoing,
Reconstruction algorithms for the reaction plane and centrality determination were developed

and used in the analysis of NA61 data for Pb-Pb at 30 AGeV. New centrality reconstruction
algorithm has been proposed.

29
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Structure of detector
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Event characterization (Centrality of collision)

> 2500 r
"y "Energy at the PSD surface
o 2000 "(no beam hole)
c - Effect of beam hole (leak of heavy fragments) is very
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= 1500 | GEANT4 is needed!
0 i
% [ Behavior depends on hole size and Z-position. More

1000 | N o
© i realistic simulation is needed!
o - All particles
9 500 Spectators
()
c
m 0 | ] . ] —

0 5 10 15 20
b, fm

! — > = 60 _

¢ | Beam holeg:20x20 cm o

o o ?

% 30 5-;

U] ¢ 40

-ﬁ s
g
mﬂn : P =
I 20 R
10|
b, tsm

31
10 AGeV, Z=6 m



Z=-270cm

Internal Fixed Target
eTOF: PseudoRapidity Considerations

Rin = 100 cm
R =192 cm

AZ =480 cm

Barrel TOF

n=0

cm

Quter Sectors
\ad rows
\

Quter Sectors
32 pad rows

[ Y
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-270 Daniel Cebra -200 0
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Target located at Z = +21Qxam7
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CBM " ToF

The BES phase II program is designed to study the
phase diagram of QCD matter (see Fig. 1). The program
has several goals:

The general physics goals are common for STAR and CBM

arXiv:1609.05102v

Onset Of deconﬁnement Plysics Program for the STAR/CBM «TOF Upgrade - version 2.1
Cgtiral symmetry restoration e STAR/CHN €10F G

1 order phase transition
Critical point

Strange states of matter

Quark-Gluon Plasma

Rapidity dependence

Physic velcal.observables

Elliptic flow
Fluctuations
Hypernuclei




CM CBM ToF

Daniel Cebra

g Step size is

7/29/2015 BES phase [ Proposal about 50 MeV

Collision Energies (GeV): 7.7 9.1 11.5 14.5 19.6

Chemical Potential (MeV): | 420 370 315 260 205
Proposed Number of
Events:

Collider | Fined- Single Center-
Energy Target beam of-mass
Fixed Target Program Energy | AGeV | Rapidity
420

624 7.7 303 210
cms energies from 3 to 7.7 GeV 39 62 186 187 487
Baryon chemical potential range from
420 MeV to 720 MeV

Fixed target program not yet
approved

160 230

27 5.2 12.6 1.68 541
19.6 4.5 8.9 1.52 589
145 3.9 6.3 1.37 633
11.5 3.5 4.8 125 666

21 3.2 3.6 1.13 699
Tk 3.0 2.9 1.05 721

i S




Time-of-Flight
detectors

Where to put the
CBM TOF modules

Daniel Cebra
3/20/2017

Space for additional

3 MRPCs

32 strips/MRPC with pitch of 1 cm
27 cm strip length

Active area ~ 92 X 27 cm

192 readout channels

36 modules

3 layers

12 sectors
6912 channels

Preamplifier PADI boards

[.? -
Sector counting match er{ ':‘J.f?".ﬂ'i‘;i"o‘\’:‘r.’}?h 1o B i.?l’ -‘-‘«k{‘ a\‘;‘rv‘:*r-\?‘-f‘h\‘-‘i\{‘-m
the TPC sectors ‘
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Total depth about i BN ‘ L | | l [ } |

" : : - | | IIf
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GET4 Electronics Boards on innt

Strip 1 .
TDC GET4 boards ~ ©Verlapping strips e
-
— FF T \
e BBC Vy o —K Yellow
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| F e ——————C West
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= e T“J
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HADES Strategy

Until 2018 (upgrade, preparation for FAIR phase 0)
o Installation of CBM/HADES UV photo-detector and ECAL
o Install new forward detection system, STS and fRPC

2018-202x (experiment campaign at SIS18 - FAIR phase 0)
o DAQ und MDC FEE upgrade — 200 kHz interaction rate
o Backward neutron detector (hneuLAND modules)
0 Strong physics program at SIS18, 1 run per year

202x on (HADES at SIS100)
— Transfer spectrometer to new experimental hall
— Cold matter physics (p+A)
— Exclusive measurements (p+p)
— (A+A collisions for comparison)

36



RICH MAPMT UV Detector
(with CBM)

o . - Added value
| 0 Replaces aging CSI photo detector

o will provide substantially improved
detection efficiency

0 MAPMT (Hamamatsu) based detector modules
Joint design and realization effort
Design compatible for use in HADES and CBM RICH -

37



PSD at BM@N A.lvashkin presentation

Yea
Target & TD Nuclotron upgrade [ runs =
Booster construction

detector

5, Infrastructure
i W
-

EMN axp.rone

Beam line
Magnet SP-41M

Detector BM&N
Central GEM tracker

mRPC-2 oo

Straw

TOT detector
ZDC
ECAL

ToF mRPC system:
“near" mRPC

"far" mRPC
DAQ system
STS tracker
W critical point

Analyzing
magnet

ZDC

Proposed new ZDC

Profit of CBM at BM@N Present ZDC of PSD modules
* Participation in real
experiment,

* Getting an experience in
PSD operation,

* Teaching of young
scientist in PSD team.
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Fixed target experiment at LHC proposals

1. Fixed-target experiment at LHC for the energies between SPS
and RHIC in 2009 at CERN Workshop “New opportunities at
CERN” by INR RAS.

A.B.Kurepin, N.S.Topilskaya, M.B.Golubeva

——

- "-.,,.
T, l"m

Charmonium production in fixed-target experiments with SPS and LHC

beams at CERN.

Phys.Atom.Nucl.74:446-452, 2011, Yad.Fiz.74:467-473, 2011.
2. Then experiment AFTER@LHC
(A Fixed Target ExpeRiment at the LHC).
S.J.Brodsky, F,Fleuret, C.Hadjidakis and J.P.Lansberg

Physics Opportunities of a Fixed-Target Experiment using the LHC Beams

39
Phys. Rept. 522 (2013) 239




Colliders (RHIC,LHC)

AA collisions | RHIC CuCu, AuAu \s =39, 62, 130 GeV, 200 GeV
LHC PbPb Vs =2.76, 5.02 TeV (max 5.5 TeV)
pA collisions RHIC pp, dAu Vs =130, 200 GeV
LHC pp Vs =2.76, 7, 8, 13 TeV (max 14TeV)

pPb \s =5.02 TeV ( plan for 8 TeV )

Fixed target experiment at LHC

Pb-Pb 2.75 TeV/nucleon, s = 0.072 TeV

AA collisions

A collisi p-A 7.0 TeV, Vs =0.115 TeV
pA COLISIONS (5.0 TeV, Vs = 0.097 TeV)

40




Special issue “ Advances in High Energy Physics 2015 (2015)”
Physics at a Fixed-Target Experiment Using

the LHC Beams

The Gluon Sivers Distribution: Status and Future Prospects,
D.Boer et al., ID 371396

Transverse Single-Spin Asymmetries in Proton-Proton Collisions at the
AFTER@LHC Experiment in a TMD Factorization Scheme,
M.Anscelmino et al., ID 475040

A Gas Target Internal to the LHC for the Study of pp Single-Spin
Asymmetries and Heavy Ion Collisions,
C.Barschel et al., ID 463141

T

- "-.,,.
E "r..-
Feasibility Studies for Quarkonium Production at a Fixed-Target
Experiment Using the LHC Proton and Lead Beams (AFTER@LHC), 41
I.Massacrier et al.. ID 986348

Quarkonium Production and Proposal of the New Experiments on
Fixed target at the LHC,
A.B.Kurepin and N.S.Topilskaya, ID 760840




Our First Collaboration Paper...

Eur. Phys. J. A (2017) 88: 60
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Challenges in QCD matter physics —The scientific programme
of the Compressed Baryonic Matter experiment at FAIR
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Perspectives and conclusions

. First beams of FAIR are expected in 2024,
protons 30 GeV, heavy ions 11 AGeV, light ions
15 AGeV

. In the mean time the detectors of CBM will be

used at HADES, STAR and BM&N
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