Possible MRPC detector for CEPC-TOF
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Geant4 simulation:
TPC resolution: <2.5%
TOF: <50ps
PID of K: >98%

From Manqi’s summary @ 2022 CEPC workshop
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1. Application in nuclear physics experiments

2. Application in industry (Muon tomography)

3. Application in medicine (TOF-PET)

Standard parameters:
Resistivity of glass: ~1012Q.cm
Working gas: 90%Freon+5%iso-butane+5% SF6
Time resolution <100ps
Efficiency >95%
Charge: a few PC
Dark current: a few nA
Noise ~1Hz/cm?
Rate <100 Hz/cm?

Large area, low cost
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higher counting rate and time precision.
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T*2% | ow resistive glass for high rate detector

= low-resistive glass control the voltage drop Bpecifications of low resistive glass
Maximal dimension 32cm X 30cm

(efficiency loss) when incident flux goes up RRsmon Bulk resistivity 101 Qem

HPR R Standard thickness 0.7, 1.1
by Decrease the resistivity of the electrodes tandard thickness , 1.Imm
_ Thickness uniformity 20 pm
V = —_ V Surface roughness < 10nm
gap ap d?"Op Dielectric constant 7.5-9.5
DC measurement Ohmic bebavior

Vdrop = IR = qdpd

stable up to 1 C/cm?

* Low-resistive glass has been I B {0
operating at FAIR-Phase O programs ™[ I A1
like STAR-eTOF and mCBM e "I

60 | - 60 =

* Beam test result: O 5 S A . O 111 O

93%, 80ps ,70kHz/cm? N
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* Speed up gas exchange and can reduce to 1sccm/m? flush
rate at cosmic experiment!

Dark current [uA]

0.1

* Prevent creepage on fishing line at high rate (>7kHz/cm?) '

0.01

e Save working gas and environmentally friendly. | |

Relax time [h]
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Y AELSE 20ps MRPC for SoLID-TOF

gap thickness and arrange the stacks
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Oror <20 ps, the intrinsic resolution of narrow gaps MRPC Gap Thickness [mm]

is around 15ps, so the time jitter of readout electronics Gyrpe <20 s, the gas gap: <0.18mm
<13~15 ps, gap number: >16
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128 pym
4 chambers X 8 gaps

gas gap thickness

number of gas gaps
glass material low resistivity glass
glass thickness 400

5 mm in width

readout strips (2 mm clearance)

MRPC and electronics
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Test results

‘ MRPC + fast amplifier + DRS4 ‘
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Figure 1.1 Main sizes of the TOF barrel.
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Figure 1.2 Arrangement of MRPCs inside the box along the beam direction.

2022/11/25




k% 4%

TSINGHUA UNIVERSITY

, MRPCS ™ MRPC4  \rPC3

» MRPC2  MRPC1

486.0
466.0
140.0
160.0

v //
v

p Ly
<

1600.0

Figure 1.3 Arrangement of MRPCs inside the box in the End-cap.

Figure 1.4 Diagram of the End-cap.
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EE, % %—Eﬁiﬁ 'H_ : Table 1.1 Main parameters of the TOF system.
Number of | Number of Sensitive Number of | Number of
detectors readout area, m? FEE cards FEE
strips channels
MRPCpg 1 24 0.11 3 48
Module-A 5 120 0.55 15 240
Barrel Module-B 6 144 0.66 18 288
Barrel Tower 17 408 1.87 51 816
Totals 544 13056 59.84 1632 26112
MRPCg 1 24 0.07 3 48
End-cap | Module-C 5 120 0.35 15 240
Totalg 240 5760 16.80 720 11520
Total 784 18816 76.64 2352 37632

* A barrel tower contains one Module-A and two Module-B.
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MRPCR H4ZE6SBRZEH, SPREEO0.14mm, B RNER/E3.02cm

Table 1.2 Main parameters of one MRPC detector in the Barrel Table 1.3 Main parameters of one MRPC detector in the End-cap
Name of component Dimensions (mm) Quantity Name of component Dimensions (mm) Quantity
Honeycomb 300X362X6 2 Honeycomb 324 X(462~136) X6 2

PCB 330X366X0.8 5 PCB 354X (466~-140)X0.8 5
Mylar 300X362X0.25 8 Mylar 324X (462~136)X0.25 8
Float glass 300X362X0.3 28 Float glass 324X (462~136)X0.3 28
Gas gap 0.140 24 Gas gap 0.140 24
Readout strip 362%(10+2.5) 24 Readout strip (466~140) X (10+3.5) 24

MRPC>  MRPC4  Rpc3

MRPC2  MRPC1

330.0
300.0

486.0
466.0

140.0
160.0

1600.0

362.0




9& Table 1.4 The TOF material budget
Material Energy Loss AE/E (%)

2 plates of Honeycomb 0.09

5 PC boards 2.23

8 Mylars 0.72

28 MRPC glass plates 6.94

Total 9.98

For 1.5GeV electron, the material is ~0.1X,

15115 !




