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The CEE eTOF waII constructed
with new sealed MRPC

Botan Wang, Dong Han, Yi Wang, Xiaolong Chen

Key Laboratory of Particle and Radiation Imaging, Department of Engineering Physics,
Tsinghua University, Beijing, China
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Background

L. M. Lv, H. Yi, Z. G. Xiao, S. Zhang, G. Q. Xiao, and N. Xu, Conceptual
design of the HIRFL-CSR external-target experiment, Sci. China-Phys.
Mech. Astron.60, 012021 (2017), doi: 10.1007/s11433-016-0342-x

The CSR (Cooler Storage Ring) External-target Experiment (CEE)
U @ Heavy lon Research Facility in Lanzhou, China. (HIRFL)

U Physics destinations: Low temperature & high density in QCD phase diagram,

EOS for nucleus matter, hyper-nucleus.

U Beam from CSR: Heavy ion (up to U+U) collision, 0.5-1.2GeV/u, 10%evts/s
U Timing detectors (MRPC): T,, iTOF, eTOF

LHC SPS

AGS SIS
RHIC Q

Quark-gluon plasma

FAIR/NICA CSR

-
[*2]
o

Temperature T (MeV)

~v

S

o)
. \%
0 Hadronic phase

0 500 1000 1500
Baryon chemical potential ug (MeV)

RPC 2020, Rome, lItaly.




Background

Timing detectors using MRPC technology

Distance from 10~20cm -
. : : Gb0cm 3m
collision (barrel inner diameter)
Effective 1m? 3m? 8m?
coverage
channel 300 ~1200 ~1500
Timing 50ps 50ps  80ps
requirement P P P
Gas gaps 10~12 24~32 10

RPC 2020, Rome, ltaly. 4



General design of CEE-eTOF wall

eTOF wall design

For each:

i

i
i
i

i

2m| 2m coverage => acceptance much
better than 50% (center of mass).

Overlap: xT 3cm; y T 1.8cm(1 strip).

768 readout channels => occupancy < 10%.

3m from collision center

80 ps time resolution

Module designE

i

24 counters in 8 modules.

U 3 serial counters for gas supply

RPC 2020, Rome, Italy.




General design of CEE-eTOF wall

Future eTOF MRPC detector

Performance requirementsk

U Efficiency: over 95%
U Double stacks, 2} 5 gas gap, 0.25mm for each
gap
U Time resolution: better than 80 ps
U Double-end readout

U Geometry:
U 16 strips
U Pitch 22mm, 18mm width + 4mm gap.
U Length 52cm

UEsti mated strip* mpedanc

U Sealed design
Conceptual layout

* Based on the empirical formula in:
Yu, Y., et al. "Study of transmission-line impedance of strip

RPC 2020, Rome, ltaly. lines in an MRPC detector.” NIMA 953 (2020): 163152.



2019 Annual review of the Phase-1l Muon upgrade Held on October 15, 2019
https://indico.cern.ch/event/817802/

33rd CBM Week. https://indico.gsi.de/event/8068/session/13/contribution/21

Motivation

Sealed design 8 & Decreasing gas consuming

for MRPC
U HighGWPvalue Lo, . 4+ =i m) F-gas regulations
F H oM L
A RPC takes up most of the GHG emission. «
A e.g. CMS Phase-Il RPC, gas leakage 900L/hin |~
2019 ol
U High flow L e -
A gas exchange for MRPC is mainly by diffusion. R
A Tokeepthepur e environmenté dia s flow/Canc“)t
decline much. g o
A Shrink the gas box volume -> sealed design §‘5§ o2y _/-/
| | % % 016 . .
REpP i

I I
| 0.08+— : : ‘ ; ‘ ;
MRPC 60 70 80 90 100 110 120
I
| |

Size of gas box in cm

RPC 2020, Rome, ltaly. :» i ; '& " Simulation result from Pengfei€ :




Structural design of sealed MRPC

New thought for sealing
Using outermost glass plates and sealing frame

—— Gas inlet _— PMMA sealing frame
7 ~ Honeyeombboard | yy, P., et al. "Development and performance
= RedmeontP® - of self-sealed MRPC." JINST. 12.03 (2017).

Mylar

.

Low resistive glass

& ¥ Joo—" . B J— o [ e 4 Z
ad B o  » e e o mercwe: . B -] o : « s =
- 2 - = Nylon monofilaments
BB @ g 5 g g g & § 5T spacer
: 5 ! ] [

ylon column

Mylar
Carbon film

Different thoughts: 250>

PCB or glass plate as sealing Honeycomb panel
anel. =

p , , AN

Electrode glass Inner glass Seal bar PCB board Bolt

X.L Chen, et al. Design and Performance study of Sealed MRPC (SMRPC)
with extremely low gas flow for muon tomography. Talk on IPRD19, Siena.
https://indico.cern.ch/event/843258/contributions/3610599/

RPC 2020, Rome, ltaly. 8



Structural design of sealed MRPC

Sealing frame by 3D printing 0 D
A Gas inlet/outlet | il
A Spacers
A Glass position holder Al I
A Screwing hole

Material: photosensitive resin It i
U HV tolerance up to +/-10kV in test

U No aging damage observed under X-ray (45kV 0.3mA) T
//
= /°
== | M
e —
Outer (electrode) glass Gas tube Inlet/outlet

RPC 2020, Rome, Italy. 9



Structural design of sealed MRPC

Adopted

Gas flow uniformity
A Inlet/outlet placement
A 3D Flow field simulation by ANSYS Fluent 3.250-06

3.00e-06
2.75¢-0
2.50e-06
2.256-06
2.00e-06
1.75e-06
1.50e-06
- 1.25¢-06
2 pairs: 1.00e-06

Gas flow: e

i 2.50e-07
3ml/min 0.00e+00

A Low velocity zone indicates pollutant
concentration.

O O

-
-
Tubes at different position
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