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Multi Purpose Detector
to study heavy-ion coII|S|ons at the(NICA colllder
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Booster dlpole magnet :
inside the cryostat =

From left to right: dipole magnet, quadrupole lenses, crvostats and
vacuum beam pipe of the Collider.
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BM@N experiment CI\TIC@ Multi Purpose Detector (MPD)
@

Module components readiness BM@N

p=

i) “ampes -

v Design of sensors was finalized
(except central sensors)

New FEBS designed by R. Kapell

v'Sensors have already been

v .
acquired in 2016 at the two Front-end Boards prototypes of

vendors v Design of micro-cables for first CBM geometry were designed,
two BM@N stations was produced and tested
v Design for the 16 central finalized in 2019
sensors is now under ) ) v"FEB test circuit for QA is under
development at SINP MSU vFirst batch of 40 micro-cable development at G5l
ts will be deli d in th
;ngg‘i":g 2000 e v BM@N FEB design is under .é_
development at SINP MSU
The BM@N STS group:
BM @ N A V. Baranov*, D. Dementev?, V. Elsha?, J. Heuser?, P. L
ey Kharlamov!#, 1. M. Kovalev?, A. Kolzhvaril, L A. .
Kudryashov!, A. A. Kurganov!, E. Lavri’, V.. Leontyev T. The complete assembly of the MPD solenoid has been
Lygdenova!, M. M. Merkin*!, Y. Murin!, ]. PanasenkoS, M. L. .
Protsenko?, C. . Schmidt?, H. R. Schmidt?*, A. Sheremetev?, fl n Ished in September 2019
H H A. Sher 1, A. Senger?, P. Senger®, N. Sukhov?, M.
TeChn Ical Des Ign Report Shitenkov!, A. Voronin!, A. G. Voronin*, W. Zabolotny?, A. ECal —-
Zinchenko! b2 o
The Silicon Tracking System 1JINR LHEP Dubna, Russia ~_ _—ZDC
as part of the hybrid tracker of the BM@N experiment *GSI Helmholtzzentrum, Darmstadt, Germany e
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Status of FAIR Project: Progress Civil Construction F _\lR

Facility for Antiproton & Ion Research
N N =22 EE

:
it Y
+ 10%%s; 1.5 GeVfu; 28U+ %f —
23892+ yp to 11 (35) GeVfu A
+ 3x1013s 30 (%0) GeV protons

Secondary Beams

= radioactive beams up to
15 - 2 Ge\/u;
= 10" antipratons 1.5 - 15 GeVfc
Technical Challenges |
« rapid cycling superconducting magnets
« dynamical vacuum

FAIR phase 1 (MSV)
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Facility for Antiproton and lon Research

ESFRI Landmark in Darmstadt, Germany

$I$100 -
oLINAC SI1S18 o St FAIR accelerator Compressed Baryonic Matter

complex experiment (CBM)




Exploring the QCD phase diagram
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Courtesy of ushima & T. Hatsuda Baryon Chemical Potential us

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




Neutron star mergers and heavy-ion collisions

density temperature

M. Hanauske et al.,
J. Phys.: Conf. Ser.
878 012031

n-star merger
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Synergies between NICA experiments (BM@N, MPD)
L and CBM experiment at FAIR

4th Collaboration Meeting (Dubna, October 2019) ‘
of the BM@N Experiment at the NICA Facility Synergies in:

- A e Detector development
 Front End Electronics, DAQ and Computing
e Physics Performance Studies and Data Analysis
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Scope (tasks) and participation in WP2

CREMLINplus

WP2:NICA-FAIR/CBM
WP Leader: Jurgen Eschke (FAIR),
Deputy WP Leader: Yuri Murin(JINR)

FAIR
7,5 FTE
over 48
months
(360 PM)

JINR

9 FTE

over
48months
(432 PM)

EKUT
Tlbingen
1FTE
(48 PM)

WUT
Warsaw
2 FTE
(96 PM)

Mephi
Moscow
4 FTE
(192
PM

Wigner
Budapest
2FTE
(96 PM)

NPI
Rez
2 FTE
(96
PM)

INR
Moscow
1FTE
(48 PM

Task 2.1: Integration, installation, and test
of Silicon trackers for NICA and CBM
(FAIR, JINR, EKUT)

Task 2.2: Developments for the data
acquisition chain, for data preprocessing
and computing

(WUT, FAIR, JINR)

Task 2.3: Development of common
software packages for simulation and
data analysis, participation in physics
performance studies

(MEPhI, FAIR, JINR, Wigner RCP)

Task 2.4: Development and construction
of beam monitors, target chamber and
beam pipe for NICA and CBM (FAIR,
JINR)

Task 2.5: Development and construction
of Zero Degree Calorimeters for NICA
and CBM (INR RAS, NPI CAS)

Coordination of joint activities

0.5
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CREMLINplus WP2- NICA - Collaboration with NICA

Task 2.1: Integration, installation, and test of Silicon trackers for NICA and CBM
(FAIR, JINR, EKUT)

STS integration concept

building block: front-end board: * 8 stations, volume 2 m?, area 4 m?
4-5 modules 8 SEH’“}',SE:Q:EE * 896 detector modules
per ladder et — 1220 double-sided microstrip sensors

— =~ 1.8 million read-out channels
— 16000 rfo STS-XYTER ASICs
— ~ 58000 ultra-thin r/o cables
* 106 detector ladders with 4-5 modules

+ power dissipation: 42 kW (CO, cooling)

ultra-thin
rfo cables
sensor

'§ material
‘m = budget in
i% """"" physics
H aperture
|
Bi|
!:; [%6X,]

|

1 otk
) -40-30-20-10 0 10 20 30
mech. unit  ladder X[em]

8 tracking stations

Module Assembly
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Joint development of the BM@N silicon tracker

Track reconstruction efficiency Lambda reconstruction Beam pipe simulations

e Efficiency vs P for primaries | % 00 —{ Invariant mass: ASp+n (Aut+Au)——
g e 3%
: - - 2 it i
E et Sty 7 80 ?STS (20 cm) + Mass =1.1158 s m_
2 gof GEM (30 cm) Sigma = 0.0011
‘E : S/B y 5‘2 d-T0mm, 1-136cm,
N 40 - S = 202 d"T:j_u';"::'l"L:k'"' | angle - 16 grad.
— C S/YS+B =13.0 k=260
o— Si+ GEMs 20 r +
- 4 bt
- L L ! | P N A M ol ) i ij‘;d'
2 3 4 5 6 7 8 .08 11 1.12 114 1.16 s 1.18
p, GeVic M, GeVic
Ladder assembly System integration and main frame
Modules

fg




STS Module & Ladder Assembly Retreat

chaired by Hans Rudolf Schmidt (GSI, Darmstadt), Johann Heuser (GSI, Darmstadt)

from Monday, 17 February 2020 at 08:30 to Tuesday, 18 February 2020 at 16:30 (Europe/Berlin)
at Ringhotel Siegfriedbrunnen

Manage~

Description The workshop aims to coordinate the module and ladder assembly at the CBM assembly centers (GSI, KIT & JINR)
in terms of:

+ technologies & tools el
through-put & logistics abOUt 50 partICIpantS

quality assurance & testing from FAIR,GSI, JINR, KIT, JU,

data base

person-power Tubingen, Frankfurt

milestones

This relates also to EU-H2020 project CREMLINplus, work package 2 "Development of instrumentation for NICA
and FAIR/CBM".

y ‘
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CREMLINplus WP2- NICA - Collaboration with NICA

Task 2.2: Developments for the data acquisition chain, for data preprocessing and
computing (WUT, FAIR, JINR)

Front-end
Electronic

Combiner

Data Processing

Board

First-level

Event
Selector

First-le

1 TByte/s Total

Self-triggered front-c | nput Data rate
Al hits shipped to FL..

| FEE | ‘ FEE ‘

DPB

| TByte/s Total
_{Input Data Rate
| = 1000 links

FLES Interface Board
r's * FPGA based
[ A i __________ . |+ Optical input links
- = Fast PCle interface

[Fue ] [Ris j e |"4 LB LI « Large buffer memory

e |-| MNeode Node

—

~| Event selectior '
processor farm full event reconstr.

* High-throughput o 107 events/s
*_ ' & full event reconstrucuion
™~ ! * 107 Events/s

S "
>--"---"---"----“---“---I --------------- :\- --------- - Vucmrizatianandmany-care
architectures

vel Event Selector R

High-throughput
~ interval building
~‘ * InfiniBand

Hit and track time distribution for Au+Au 10A GeV collisions at 10 MHz (UrQMD)

10°
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DAQ and online event selection

Novel readout system:

» no hardware trigger on events

» detector hits with time stamps

» full online 4-D track and event
reconstruction.

high rack storage, 100,000 cores;
only 5% of total energy
consumption needed for cooling




CREMLINplus WP2- NICA - Collaboration with NICA

Task 2.3: Development of common software packages for simulation and data analysis,
participation in physics performance studies (MEPhI, FAIR, JINR, Wigner RCP,)

Simulation and reconstruction

Event generators UrQMD 3.3

chiroot development
private version

M.Zyzak, PKisel

" x10° M=1321.4 MeVic?, c,/8.3%, o X10° m=1321.2 MeVic?, €, /=6.5%, MVD
= 40 =20 MeV/c?, S/B=7.35 ’E' 6=3.2 MeVic?, S/B=2.22
E E 20 - vl7a_tr
= - h .

L - ' ¢ ! t 1 E=An Z'—=AR |

» 20 | conventional 10 m? )

cbmroot/trunk P
L FSU FUUS P PP PAPEY SR AP PO W revision 14285 - i T
: -0 F " Momenium [GeViel “electron” setup 0 T e ol
1.3 135 1.25 1.3
m,,, AT [GeV/c?] m,,, AT [GeV/c?]

iny

MVD

« Comparable efficiencies, better control over the systematic errors
« T+ and Z- physics: completes the picture of strangeness production
« New decays channels of single-A hypernuclel that can be studied:

4 He — ‘Hepm
dppm

) ppnaT

4AH — ‘He
tpm
dd

32H —He
dpm
M nim

G

tpm®
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Task 2.4: Development and construction of beam monitors, target chamber and beam
pipe for NICA and CBM (FAIR, JINR)

i

rprrTree Ly

Beam pipe segmentation full length 38 m

TRD+TOF

HADES 3m CBM MUCH
BEAM  MAGNET| RICH
6m [DUMP PSD,
4.3m 52m [ 65m 24m|32m| 38m 2m’ 10.6 m
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CREMLINplus WP2- NICA - Collaboration with NICA

Task 2.5: Development and construction of Zero Degree Calorimeters for NICA and CBM
(INR RAS, NPI CAS)

PSD — Projectile Spectator Detector.
This forward hadron calorimeter will be used at the CBM
to measure centrality of interaction and reaction plane orientation.

120cm

A

BM@N Zero Degree Calorimeter

160cm -
20cm

Schematic view of new FHCAL

34 inner modules - MPD type modules
CBM PSD su perm odule 20 outer modules — CBM modules

tests at CERN T9/T10

View of‘rhé r;ssembled FHCAL Ins‘rallanon of FEE on the rare 31de
Of the FHCAL
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CREMLINplus WP2- NICA - Collaboration with NICA
Deliverables and Milestones

D2.1 STS components assembled (M24)

D2.2 STS detectors assembled and tested (M48)

D2.3 Components of the STS data acquisition chain tested (M24)

D2.4 Full functionality tests of the STS data acquisition chain (M48)

D2.5 Simulation results for selected observables (M24)

D2.6 Full physics performance for major observables (M48)

D2.7 Design of beam monitors, target chambers, beam pipes (M12)

D2.8 Beam monitors, target chambers, beam pipes constructed and installed (M48)
D2.9 Design of ZDC detector modules (M12)

D2.10 ZDC detector modules contructed and tested (M48)

D2.1 : STS components assembled [24]
STS components assembled

D2.2 : STS detectors tested [48]

STS detectors tested

D2.3 : Components of the STS data acquisition chain tested [24]
Components of the STS data acquisition chain tested

D2.4 : Full functionality tests of the STS data acquisition chain [48]
Full functionality tests of the STS data acquisition chain

D2.5 : Simulation results for selected observables [24]
Simulation results for selected observables

D2.6 : Physics performance for major observables [48]

Physics performance for major observables

D2.7 : Design of beam monitors, target chambers, beam pipes [12]

Design of beam monitors, target chambers, beam pipes

D2.8 : Beam monitors, target chambers, beam pipes constructed and installed [48]
Beam monitors, target chambers, beam pipes constructed and installed

D2.9 : Design of ZDC detector modules [12]

Design of ZDC detector modules

D2.10 : ZDC detector modules constructed and tested [48]
ZDC detector modules constructed and tested

First detector ladder for
BM@N

MS6 14 - FAIR GMBH 12

Test results presented

Series production of detector
ladders for CBM-STS started

MS7 and first batch of ladders 14 - FAIR GMBH 24 Test results presented
produced
MS8 Readout concept developed 14 - FAIR GMBH 24 Evaluation by experts

Common software packages

constructed & tested

MS9 14 - FAIR GMBH 24 Simulation results presented
developed
Technical design of beam ]

MSI10 monitor etc. for NICA 14 - FATR GMBH 36 Report

MS11 First detector modules 14 - FAIR GMBH 2 Presentation of fest result
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WP2: Collaboration with NICA - Development of instrumentation
for NICA and FAIR/CBM

Engineering and construction of fast detectors,

Development of high rate data acquisition chain and software
packages for simulation and data analysis, PSD, beam pipe design

WP7: Joint development of detector WP9 TRAIN - Staff exchange
technologies _ and training for Rl management
Develop a beyond state of the art CMOS pixel
sensors (MAPS) for high-rate Silicon trackers for
several particle physics and heavy-ion research
communities in Europe and Russia for the potential
upgrade of many experimental setups

Organisation annual summer
schools attracting young scientists

additional fellowships for students
from all of Europe and Russia.

Development of
neutron detectors,
detector school at BINP




Proposal for joint education of young academics within CREMLINplus WP9

1. Annual school for students and young postdocs

» Topics with relevance for NICA and FAIR: physics, experiments, theory,
technology

» Duration one week

* Hosted by a member state of either NICA or FAIR.

* About 60 participants

» Financial support: 1000 € per participant (travel and acommodation)
+ 10 k€ for local organization

2. Scientific exchange

« Short-term visits of scientists at the partner institutes for joint activities with
high synergy effect, such as development of common hardware or software for
simulations and data analysis.

» Experience shows, that stays between one week and three months are most
efficient, depending on the project

» About 20 visits per year

» Financial support: Travel about 500 €, local expenses 2000 € per month

J. Eschke, CREMLINplus kick off, 19 February 2020, DESY, Hamburg
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Long lasting Cooperation between GSI and JINR

Selection of events:
* Since 1990: joint experiments on the production of superheavy elements
» Since 2000: Participation of JINR groups in the -
development of FAIR accelerators and experiments
* Since 2006: Participation of GSI scientists
in preparation of the NICA physics program
» Since 2008: MoU on scientific cooperation
between GSI and JINR for FAIR and NICA
« 2008, 2013: CBM Collaboration Meetings at JINR

o 2011: BMBF-JINR Coordination Committee Meeting

o 2015: Collaboration agreement FAIR- JINR on the construction of 300 magnets
o 2016: NICA-FAIR Symposium on Joint Science and Academic Training
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