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CBM-TOF

The Phases of QCD

B Compressed Baryonic Matter(CBM) experiment.

g R « A high-rate fixed target experiment.

é « To explore QCD phase diagram.

: | m Time-of-Flight Wall(TOF): PID for hadron.
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CBM-TOF Wall Requirements

« Time resolution g ~ 80 ps

« Efficiency ~ 95 %

e Occupancy < 5%

« Rate capability up to 25 kHz/cm=
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CBM-TOF

MRPC3/4

+HV

S —

S o)

MRPC 3 MRPC 4
Double-stack
Type ultra-thin float
Glass .
Size 353 x 276 X 0.23 mm|353 x 540 x 0.23 mm
Gans Size 0.230 mm
P Number 5x2
Readout strips (0.7 cm + 0.3 cm) x 32 ,double-end strip
readout
Impedance 50 Q differential signal to PADI
Active area 320 mm %270 mm | 320 mm %540 mm

Detector size

377 X324 mm

377 <588 mm

Facing aging challenges under the high radiation flux.
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Detector aging effect

| Agmg effect observed under high beam |nten5|ty
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Electric field simulation

B Using the electromechanical coupling physics module in COMSOL.

Fishline spacer

MRPC with cylindrical spacers

Cylindrical spacer _
may decrease aging effect!

7/16/2024 Ming Yao, 12nd_National _Advanced_Gasdetector Meeting 6



TBS MRPC

fishline spacers gas

.

glass

o0 Structural design of a fishline :
MRPC for CBM-TOF j
Fishline: 0.23 mm diameter, 19 mm interval

fishline structure

lRepIace fishline with TBS Max deformation ~ 2 pm

Z. Zhang et. al JINST. 9 (2014) C10028

_»I hermal bonding film
—> — polyester

@ ¢ & © TBS gas
JAN ~
®@ ¢ ® ©o >
glass
@ ¢ ¢ o

~Thermal bonding film
Thermal Bonding Spacer(TBS)

3 mm
x107*
N 10
5
[
-5
-10
-15
-20

TBS: 2 mm diameter, 0.24 mm thickness, 19 mm interval TBS structure E

Max deformation ~ 2 pm
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Performance test

B Performance under cosmic ray

B Flux calibration
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X-ray machine at 30 kV, 1.0 mA:
4 kHz/cm={High irradiation)

Two prototypes placed side by side for same intensity of X-ray irradiation

X-ray test system
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7/16/2024

Ming Yao, 12nd_National Advanced_Gasdetector Meeting



Result analysis

B Comparison of dark currents of two prototypes during X-ray irradiation
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SEM after irradiation

SEM(Scanning Electron Microscope) AFM(Atomic Force Microscope)

f’h‘ LI ?”\“j \ ,YJ’ . R o 4

Deposition

Glass of TBS MRPC

v" Deposition and corrosion found in the fishline MRPC.
v" Corrosion ———increased dark current.
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Background noise

_ Dark current(nA/cm”2) Noise(Hz/cm”2)

Normal fishline MRPC 0.0045 0.31
Aged fishline MRPC 0.14 31.77
Normal TBS MRPC 0.0092 0.49

Aged TBS MRPC 0.0064 0.40

Time resolution MRPC3

B TBS MRPC beam test in miniCBM 105 [ e
Efficiency of MRPC3 JF s s
<eff>: 0.973 1 O E_ f‘,onsmnt 1.3372+05+ 33812402
103 EE : I L Sigma 0.08454 + 0.00010
a b
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10F rf\MJ A
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5 48 4 »
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Summary

B Novel TBS MRPC for solving aging effect has been developed.
B Comparative tests indicate that TBS MRPC shows potential for long-term
stability in high irradiation environments.

B Preliminary exploration on aging effects through SEM and AFM scanning.

fhank youl
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Prototype for x-ray test
Effective area: 12 cm X 20 cm
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Geant4d

To simulate the penetration of X-ray in detector

Total events: 100,000
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= Polarity Grounded Cathode
% 300l Flange Type (6) 8-32 thread
UI B High Voltage Range 4-60 kV'!
§ B Anode Current 1-3mA’
3 250? Continuous Rating 50-100 W'
B Focal Spot 50 pm, 100 pm
200 B Filament Current, max. 1.7 A
B Filament Voltage, (nominal) 25V
B Flow Rate - Water 0.79 gallon/min (3 liters/min)
150~ Inlet Water Temperature, max. 21°C
B Stabilization Time < 5 minutes
1001 Weight 3.5 Ibs (1.59 kg)
- Inherent Filtration 0.005 inch Be
- Target Materials Cu, W
50— Others available on request
=1 1 | ‘ [ 1| | L1 | ‘ L1 1 | L1 | ‘ L1 | ‘ L1 1 | L1 | ‘ L1 1 | L1 |
0 02 04 06 0.8 1 12 14 16 1.8 2 Target Angle 20°
current_x [mA] L
Radiation Coverage 26°
Radiation Leakage <2 uSv/hr @ 50 mm (60 kV, 1 mA)
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current [nA]

Current of fishline MRPC

current of fishline MRPC current of fishline MRPC
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1 day exposure
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couer [ wwec | wweca |

Name 2d L FLUKA simulation: Au + Au collisions at E;, = 11 AGeV, 107 interactions

Area [cm’] 862 1696 Charged particle flux at a distance of 8 m from the target

Current [pA] 75 17 — Flux <
Current density [uA/cm?]  0.0087 0.010 E, [Hz/em?
Rate [Hz/cm?] 750 P

Current [uA] 13 29 10

Current density [tA/cm?] 0.015 0.017

Rate [kHz/cm?] b1.3

Current [uA] 20 48

Current density [uA/cm?] 0.023 0.028 10°

Rate [kHz/cm?] 2.0

Current [uA] 40 100

Current density [uA/cm?] 0.046 0.059

Rate [kHz/cm?]

Current [uA] 50 50

Current density [pnA/cm?]

Rate [kHz/cm?]
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