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Introduction CBM

CBM Collaboration, EPJA 53 3 (2017) 60

Compressed Baryonic Matter (CBM) Experiment 40P T.Galatyuk, NPA982 (2019), update (2021)
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Multi-gap Resistive Plate Chambers (MRPC)

FLUKA simulation: Au + Au collisiongat= 11AGeV 10 interactions are the most suitable TOF detectors fulfilling
Charged particle flux at a distance of 8 m from the target our requirements
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CBM-TOF Requirements

0 Full system time resolution s ~ 80 ps
Efficiency > 95 %

Rate capability ¢ 50 kHz/cm?

Polar angular range 2.5° — 25°

Active area of 120 m?

Occupancy <5 %

Low power electronics

(~100.000 channels)

U Free streaming data acquisition
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Introduction CBM TOF
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Low resistivity glass M4 Module (HD)

| A Full size counter with

close to final design
for all regions build

5 l and tested
| A

= = - = = M4 and M6 full size
— = A W o 5 = modules constructed
MR_PCZ o o = = and installed at
(Tsinghua) . - = = = mCBM
s :: M3 M2 Ml M2 M3 E s
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s s o | v | m || w M6 Module (HD)
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# Gaps 2 X5 2 X9 2X5 2x4 2X5 2 X5
Gap size 200Mm 200Mm 200mMm 250mMm 230mMm 230mMm
Glass type Low res. Low res. Low res. Low res. Float Float
Glass thickness 700mMm 700mMm 700Mm 700Mm 230mMm 230mMm
MRPC size 30cmx6cm 30cmx10cm 30cmx20cm 32cmx 27cm 32cm x 27 cm 32 cm X 53 cm
# Strips 32 32 32 32 32 32
Striplength 6 cm 10 cm 20 cm 27 cm 27 cm 53
Pitch 0.90 cm 0.90 cm 0.90 cm 1.0 cm 1.0 cm 1.0cm
Impedance 100W 100W 100W 50W 50W 50W
Developed at IFINHH(RO) IFINHH(RO) IFINHH(RO) Tsinghua (CH) USTC (CH) USTC (CH)
Needed for CBM 0 132 168 580 200 310
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FAIR Phase O CBM

A FAIR Phase 0 is a bridge program until the F-\lR
start of FAIR In 2025/2026

A It comprises the installation and testing of developed equipment
In running experiments and analysis of obtained data

FAIR Phase O programs of CBM-TOF

Discussed during
RPC2020 conference

1. eTOF project at STAR@BNL (6912 channels)

for long term stability test and physics results purpose

2. MTOF project at mCBM@SIS18 (1600 channels) Focus on this RPC
for high rate and system integration test purpose conference (RPC2022)



eTOF @ STAR

A eTOF successfully operated in RUN 19/20/21 (BES ) — peaydmna Fed Target 1=0
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eTOF status

A Systemrsynchronization on the level of 35
A System time resolution better than §&%

A PID capabilitglemonstrated

A Physics analysis started
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CBM ToF

TOF N. Herrmann
" ,O .+~ mTRD FAIR

mCBM @ SIS18

FAIR Phase 0: mCBM setu

realPbon Au
collision

high rate detector and readout test including free streaming data
acquisition and online event selection

A Charged particle fluxes of up to 30 kHzcm
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MRPC1laldw resistivity glass counter)
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MRPC3 (low ratehin float glass counter)

Time - velocity corrglation
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Results at fluxes below kHz/cnd
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efficiency

Data loss issugsluring beam tim

A Bandwidth limitations

A Get4 dropouts

A Time slice losses

A Readout changed in 2022

Next steps

A Data analysis ongoing
(much more to come)

A More detector test amCBM
required
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Time resolution [ps]
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A Efficiency for rates above < 95 % on fulk
counter surface
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A Counter time resolution < 48s
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current / pA

RPC current of all mCBM modules
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Gas pollution effect observed aitCBM
at high rate (about 16-20 kHz/crm)

Observations @nCBM2020
rapid increase of dark rate

Darkrate of cognter 030

Observations confirmed

FAIR  @mcBwmeo21

Darkrate after Spills

: o 20 60 [—
A Gas pollution effect was reproduced at e few daysj :
IRASM (Bucharest) with high gamma f|L¥ 15 i
o o —, 40 —
(see talk byMmariana Petris - Fr. 10:00) ¢ | -
® L
A X-Ray test at Beijing confirmed the gas < ] 20 |-
pollution effect a Sy
o . . M i ‘I i i 1 i B - T | |
A The effect was minimized by sealing the 500 /600 . ° 1a21h 15-00n 15-0h
MRPC and increasing the gas flow \few hours%
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Observations: continuous increase In
dark rate (permanent aging)

Darkrate of counter 033
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Dark rate [Hz/cm?]
L |
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wt%  wt% Sigma

A Traces ofNaFwas found on the glass surface

A Dark rate (noise) is generated entirely on spacers
A Electrical field simulations performed

Clu position of Rpc #001 in Sm 000 of type 9
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42.93 0.21
9.03 0.15
31.99 0.18
134 0.1
2.36 0.04
0.28 0.07

Electrical field simulations




CBM ToF

Intermediate rate counter (MRPC2) Low rate counter (MRPC3/4)
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To To  To Do

Stay withTetrafluorethang(R134a) a:
(enhanced fon production for HFO in high rate ‘;;5“;
environment) f‘“’
Abandoniso-Butan(aging, safety, difficultto recycle) _2|_3° 'I“Odmesl N ::
Reduce fraction of o 2.5% (reduction of GWP, otal gas volume 25 m E 1o
difficult to recycle)

Increase the flow rate

Build a recuperation system (reuse of gas, cost
reduction, GWP reduction) —
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o
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--+- Standard Gas Mixture

-+- HFO + 40% CO2 Gas mixture

/ i

=t HFO s breaking ~10 times

more easily than R134a

o
T

o (RP(2020}

Sebastian Brad (NICIT) [
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Summary, outlook and Time line

A High rate(mCBM and long term stabilitye(TOF testperformed |
- float glass counter beyond specs |-
A MRPC aging and gas pollution effects at high rates observec
- mitigation strategies established - e
- R&D on rectangulaspacers ongmM7
- new counter with adopted designs developed, built and currently testefd(aBM
A Layout of final gas system (with recuperation) in preparation

Y Th. 9:40

ey

Tl CBM cave, May 202,241?
Time line and major milestones R | A 4 il
i Counter electronics PRRs: Q4/2022 [ N G
2nd counter preproduction Q4/2022
Counter production start: Q2/2023
Module (pre) production start: Q1/2023
TOF ready for beam: end of 2025
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bmb-+f

GroBgerédte
der physikalischen

Contributing institutions:
Tsinghua Beljing,
NIPNE  Bucharest,

GSI Darmstadt, Grundlagenforschung
TU Darmstadt,

USTC Hefel,

Pl Heidelberg,

ITEP* Moscow,

N FAIR FAIR

*Cooperation suspended

FAIR — Facility for Antiproton and lon
Research in Europe
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A Alternative gas mixtures were
investigated

Time resolutions in the order of

80 psto 100pswere 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 % QF

The instability of HFO in
comparison to R134a is

counterproductive in a high rate

environment
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HFO is breaking ~10 times
more easily than R134a




wt% wt% Sigma

v" Very little C is found on Side B, lower than side A

v Na fraction(~12%) increases in stain area
v Fis found in stain area

YongjieSun,Kaiyang/Nang,XinjianWang

Side A

Side B

wt% wt% Sigma

HV +

HV -

Unused float glass

wit%

0O 4243

Na

9.62

Mg 2.46

Al
Si
K
Ca
Sn
Pt

2.68
33.86
0.21
5.14
1.94
1.65

wit% Sigma

0.23
0.11
0.06
0.06
0.18
0.06
0.1
0.21
0.18




- IRASM/IFIN-HH industrial irradiator,
- present o source activity: 360 kCi

Surface facing the cathode surface facing the anode
XPS analysis - thanks to C. Negrila XPS analysis - thanks to C. Negrila
o ______National Institute of Materials Physics s . National Institute of Materials Physics
mdComposition Table p CEIEI;)Sngl Tla ¢ p
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2500
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Efficiency [%]

Mean cluster size []
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MRPC3a (Low resistive glass)

i MRPC3b (Float glass)
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High rate tests CBMSToF

Inner region Intermediate reqgion Quter reqgion
COSY beam time

). Phys Conf.Ser. 533 (2014) 012009 Nuclotron DUBNA
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Resistive glass for highrate MRPCs is
developedin Belijing, China

32cm x 30cm

Evaluation scale= 857um

2I0LY ‘ToF

Maximal dimension

32cm x 30cm

Bulk resistivity
Standard thickness
Thickness uniformity
Surface roughness
Dielectric constant
DC measurement

10 Qcm

0.7, 1.1lmm

20 pm

< 10nm
7.5-9.5

Ohmic bebavior

stable up to 1 C/cm?

Surface roughness: <10 nm (peak-to-valley)

Current (pA)

—— Current

—— Bulk resitivity

Bulk resistivity (10'°Q cm)

Raw resistive glass material for 400 m?

Aging tests

o 57' AL
% o Sse + Cyclotron U-120M (Re3)
Kol 4 . Semiconductive glass
2‘ -~ 4 Floatglass * Proton energy, 36 MeV
3 3= * Neutron production target, Be
o’ B + * Neutron flux, 102 - 101 n/cm?/s
2 * Neutron energy spectra, 1 — 36 MeV
1i ’ t 1
0’. L Ll | |

10" 1

612 | | I.‘|I013 | ‘1I614
neutron fluence [n/cm?]



Main parameters comparison PADI-1 PADI-2 PADI-G PADI-R
Channels per chip 3 4 4 R
PA Bandwidth {MHz) 280 203 416 411
PA Voltage Gain 74 87 244 251
Conversion Gain (W /{C) 0.3 7.8 35 30
Baseline DC offset o (V') 0.7 21.9 5.0 |
PA Noise (mmVgars) 3.37 2.19 h.82 5.5
Eoguivalent Noise Charge (egus) 512 1753 1039 1145
Threshold tvpe Fxtern Fxtern Ext. & DAC)| DAC
Threshold dynamics {4+ mV) Nonin, 280 | Nondin, 300 | Lin. 500 Lin. 750
[nput Impedance Range (€2) A-450 A7 - aT0 A8 - 165 S0 - 160
Power consmmption (mW ‘channel) | 21.6 17.4 177 17
| I I 100 F T \ Y 4
100 1 4 VTHR (mV)
. . = -105.1
a 3 * -208.5
« = + - -291.5
& 2 = v -414.4
‘3 . 2 - -516.0
S « e B T « 6190
3 VTHR (mV) | - 2 e R
é m—.635 4 i , S5 El ,,.—: Y . L . .
g ® 490 ¥ “E’ 4 *—o 2 .
E ol _—h—-315 | | § g T e LI
v -282 E ® i 1 E v : 10 [ gy 4. - P
-199 ' Ll § PADI8 #2 —F—3=%
f—-97 TDSB154C, 16GHz, 40Gs/s
16., 1(‘)._ 1(;4 1|Ln ' . ' ;am 100m

UINP (V)

Single ended input signal (V)




