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* Introduction to FAIR/CBM/CBM-TOF

* CBM TOF gas system

e Search for alternative MRPC gasses

* Aging of MRPCs

* Beam test results with old and new gas mixture

e Conclusions for the CBM TOF gas system
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Introduction CBM

Compressed Baryonic Matter (CBM) Experiment

MVD: Micro Vertex Detector*
STS: Silicon Tracking System*
TOF * inside magnetic field
< -;\ MucCh or RICH
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Tracking acceptance: 2.5°< 9, < 25°

Peak R,,; is 10 MHz for Au+Au
(300 kHz for MVD)

Fast & radiation hard detectors
Free-streaming DAQ

4D tracking (space, time)

Online event reconstruction and selection

Data rate: 1 TB/sec



CBM-TOF Requirements

» Full system time resolution oy ~ 80 ps
» Efficiency > 95 %
> Rate capability £ 30 kHz/cm?
» Polar angular range 2.5° — 25°
> Active area of 120 m?2
» Occupancy <5 %
» Low power electronics
(~100.000 channels)
» Free streaming data acquisition

FLUKA simulation: Au + Au collisions at E,,, = 11 GeV, 107 interactions
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Multi-gap Resistive Plate Chambers (MRPC) are the
most suitable TOF detectors fulfilling our requirements

CBM-TOF MRPCs

» About 1500 MRPC

» Multi-gap RPC with 8 — 10 gaps with gap size of 200 — 250 pm
» MRPC size ranging from 180 cm? up to 1700 cm?

> Initially planed gas mixture: R134a/iso-Butan/SFg: 90%/5%/5%




fresh
counter gas

230 modules
Total gas volume 25 m?3

N,
System should be
ready after 2 days
purging Filter & gaS
i.e. 125 m3in 2 days quall_ty _
monltorlng
waste
T T circulatio
as flow in one modu
gurge mode 200 ml/min pump,
cycling mode 50 ml/min 50 I/min

gas flow in all moduls
purge mode 46 |/min
cycling mode 11.5 I/min
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CBM ToF

Parameters for one CBM TOF refill

gas Isobu- | Reclin® | Sulfur- | Greenhouse Gas Comparison
tane R134a hexafluo
ride Preventing emission of 1kg (2.2 Ibs) of SFg has the equivalent environmental 1 CBM-
: : i t as: '
chemical structure | i-C,H, C,H,F, SFs R TOF refill
fraction 50/ 90% 504 Removing 5 vehicles from o o o oo o,
- - ° the road for an entire year =% % o0 ‘o6 'o=% 200
partial volume 6.25 112.5 6.25
[m3] & - s e s B
d - 1013 25 4.4 6.2 Preventing the burning ” ! m ” “ 44
ensity at ’ ’ ’ of 11 metric tons of coal alia ﬁ P N S ﬁ-
mbar [kg/m?] (15 W W W W W W
OC)
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CO, equivalent 0.047 707.9 910.6 Im:fgz?%;:effg ol;ftlon "Il'll'l'll" 216
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price [Euro] 17400
(35 10 John G. Owens, 3M, Greenhouse Gas Emission Reductions from Electric Power Equipment through Use of Sustainable Alternatives to SF6
Euro/kg) . .
due to the high GWPs = - Alternative gases (HFO)
- Reduction of SF6
- Gas recycling




Alternative gas mixtures were
investigated

Time resolutions in the order of
80 ps to 100 ps were obtained

Gas mixtures with HFO fulfil our
TOF requirements

Working point is shifted by about
2000 V

Measurements of the eff.
Townsend coefficient show no
major difference for gas mixtures
with more than 2 % SF (see talk
of Xingming at 16:35)

The instability of HFO in
comparison to R134a is
counterproductive in a high rate
environment
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R. Guida, B. Mandelli, G. Rigoletti (RPC2020)
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HEQ is breaRing ~10 times
more easily than R134a




Observations @ mCBM

CBM ToF

Time since X-ray off (h)

o Gas pO”ution Effect Observed at mCBM _ 2 Darkrate of counter 030 _ Darkrate of counter 03 P . . FAIR
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. i 3 s ;/ (Reason not understood
* Gas pollution effect was reproduced at EI \ [y 2 —— vet)
IRSAM (Bucharest) with high gamma flux =~ &% L } AN A " .
s . R Run 2000— H H H H
* X-Ray test at Beijing confirmed the gas 150 2 1800F alterexposure - Highy k-
. 140F : s i = red @ 2% 55KV
pollution effect 1of oS hishrﬂu&@:/&%«%kv el U 1600¢ aher 3 min & o
120F . S— i ~ - E
. .. . o 3 . = <
* The effect was minimized by sealing the =~ 22— e S o) <1200
MRPC P £ w00
* MRPC with intelligent gas management o Agingtestin B 100
required (forced gas flow through gaps) L N I N 2025"'
me time (days)
t Gas outlet See CBM Progress Report 2020
_ g l 0,
g X
3 Common MRPC -
l R[] 3 scaled
Gas Ch2 —] Sealed ‘ i_ S 1 ~ é
MRPC2 el Toc é "o °* o g
| FEE |-7v E £ o1
Gas Ch1 ) MRpez l 3 5
0.1
0 2 4 6 0.01

0 10 20 30 40 S50 60 70O 80 90

Time since X-ray off (s) n



Surface facing the cathode
XPS analysis - thanks to C. Negrila

surface facing the anode
XPS analysis - thanks to C. Negrila
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* Charged particle fluxes of up to 20 kHz/cm?

mTOF
s R FAIR
; A real Pb on

Au collision
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* mCBM is a test setup installed at SIS18/GSI dedicated for aa l ‘
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N
Beam test results CBM ToF

Beamtime mCBM May 2020 Beamtime mCBM March 2021
Gas Mixture: R134a/iso-But/SF, - 90%/5%/5% Gas Mixture: R134a/SF, - 97.5%/2.5% FAIR
Hit Rate: 6*10° Hz Hit Rate: 2*10° Hz
Flux: 500 Hz/cm? Flux: 2.3 kHz/cm?
MRPC: low resistive glass MRPC: thin float glass
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% <effr 0.970 Cnines 0] Efficiency of station 5
< 10 § <eff>: 0.991 . :
~ 0F * Analysis of data at higher
0 o b interaction rates are
- ongoing
-10 10 |
1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 05 N 1 1 I 1 1 1 L . ‘
-10 0 10 -10 0 10 10 B
x(cm) x(cm) kil
i~ 10°
5 hDTD4DT04D4best py Time - velocity corrglatian =z
10 _ Entries 504624 — hE’TD“DTO“D“D% L 408
" Osys —_648é97pss Nean 73z 05 10t b osys =65.6 ooz S Unsealed MRPC |
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Stay with R134a
(enhanced F-ion production for
HFO in high rate environment)

Abandon iso-Butan (Aging)

Reduce fraction of SF, to 2.5%
(reduction of GWP, difficult to
recycle)

Increase the flow rate
dramatically (gas exchange in
gaps within 10 s)

Use intelligent gas management
on MRPC (sealing, forced gas flow
through the gaps)

Go for a recuperation system
(reuse of gas, cost reduction,
GWP reduction)

Help from expertise (e.g. CERN) is
highly welcome

fresh

counter gas :
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Recuperatl!)n system
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Controls and
mixture
injection

Liquifier

Cooling
unit
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Roberto Guida

230 modules
Total gas volume 25 m3

cirCL'Iation

gas flow in one modul
purge mode 200 ml/min
cycling mode 6,5 I/min

gas flow in all moduls
purge mode 46 I/min
1500 I/min

cycling mode

pump,
1500 I/min




Thank you for your attention
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NIPNE  Bucharest,

GSI Darmstadt,
TU Darmstadt,
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