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n 0.1 0.2 0.3 04 05 0.6 0.7 0.8 0.9 1.0 14
6* 843" 786" 73IA"° 67.7° 62.5° 57.5* 52.8" 48.4° 44.3° 40.4° 36.8° n e

R - - s s o2 i | In CMS muon system, the present design

R (m)

— _ qa== "~ [ of the endcap RPCs, made of a double
s ﬁﬁ@ .- | Bakelite gas gap and operating in
———————* = | avalanche mode, is not expected to be

e | SUItable for the particle rates amounting
55 |to several tens of kHz/cm? in the
s | scenario of an LHC luminosity going up

0 ca'?\\'.'i".'t'.':'..."'i' 2 z ; " e S --}'--——3-——;———1;———11 '1‘2 5_;(:::;- to 1034'35 Cm-ZS-l

Station 1

' Solenoid magnet

| HCAL |
2 B
" ECAL

Tytgat M, Marinov A, Zaganidis N, et al.
Requirement; Construction and performance of large-area
B Rate >2kHz/cm? triple-GEM prototypes for future upgrades
of the CMS forward muon
system[C]//Nuclear Science Symposium and
Medical Imaging Conference (NSS/MIC),
2011 IEEE. IEEE, 2011: 1019-1025.

2016 Ghent University, Belgium UNIVERSITEIT
February 22-26, 2016

X111 Workshop on
MRPC Resistive Plate Chambers and related detectors

25




n 0.1
8" 843"

0

Wl

Motivation

0.2 0.3 04 05 0.6 0.7 0.8 0.9 1.0 14
786 731° 67.7° 62.5° 57.5* 52.8" 48.4° 44.3° 40.4° 36.8° n e

| _HCAL |

© Silicon
tracker

AW

1

RPC
2016

' Solenoid magnet

Ceoa |

& z(m
Station 1 (m)
120 — T 180
& o 8_Strip_6700V g
110 | - 160
A ¢ 12_Pad_8000V
100 - o i s N - 140
I a5 ] =
a0 4 - 120 =
S |
g 80 - 100 §
g £
2 H
E 70 7 480 3
= g
60 |- ¥ - 60
T
ol ¥ 14 - 40
40 Ll I I 20

PR L
1 10 100
Rate (ki Irlﬂnz}

Test results at Nuclotron, Dubna
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In CMS muon system, the present design
of the endcap RPCs, made of a double
Bakelite gas gap and operating in
avalanche mode, is not expected to be
suitable for the particle rates amounting
to several tens of kHz/cm? in the
scenario of an LHC luminosity going up
to 1034-35 cm-ZS-l

High rate MRPC based on low resistive
glass is best candidate for the upgrade
of endcap muon system.

High rate capability >70kHz/cm?
Time resolution<100ps, eliminate
most of background

Limitation: glass size 33 cm X 28 cm
Solution: glass mosaic
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Mosaic design 1 : glue
250 mm Structure

200 mm e
PCB: 320 x 540 mm’
Strip length: 498 mm
s -~ 1 MM Strip pitch: (17 + 2) mm

Strip number: 12 , 0
Glass: (200 + 270) x 250 mm~, 0.7 mm,10" Q) -cm
Gas gap width: 250 um
270 mm Gas gap number: 5
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Weighting field simulation

» Ansoft Maxwell 13.0
» Induced signal: I(t) = i—WXq [S. Ramo, Proceedings if IRE 27 (1939)]

» Simulation of weighting field:

_(1_1j% V \o 7 Yal
eff =1-e * */*|1 EW - Q, | [w. Riegler, C. Lippmann] Model
0 Size: 471 X 250X 5.45 mm

W,

» Our RPC model getsthe same results as the Material: low resistive glass

previous study (Majumdar,2008) Gluing width: 1 mm

5 gap: air
Glue Jap

Read-out Strip Component  Width (mm)

///I N
7 \ Insulated layer Read-out Strip 0.1
// \ Graphite Insulated layer 0.18
\ 0.05

Graphite
z Gas Gap Resistive plate 0.7
L \ Resistive plate Glue 1
' 0 5 10 (mim) Gag 0.25 6
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Simulation results
Weighting field in different gap:

Weighting field in Different Gap

- Gluing region which is from
270to 271 mm.

- On average, weighting field
drops from 5.32 t0 4.12 VV/cm

- Affected area is 2.2 mm,
0.5% of the detector.

s hacsiszvin |« @ E = 11 KV/mm (£6.8 KV),

- Gap3: Max= 4.1646 Vicm

Gapd: Max= 4.1682 Viem ] — —
Gagh: Max= 4.0557 Viem 0=140/mm B 10/mm

p 255,5 o %S 2;0 75w w5 2 s s e lowest efficiency: ~93%0,
Y /mm
2% efficiency loss
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Cosmic ray test results
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Beam test results

Beam test @ GIF++, Aug, 2015 Setup

Current, HV scan, rate scan CAENV1190  TDC

have been recorded [-eom
CAEN Mod. 92 NIM — ECL

T
MAXIM 3760 FEE

T351 T3S2
K < Y
---o- 8- -ooo- -- :EI:::::%-:-:-:-:-:-:-:‘-’“::
] ‘||| BN B < Cssource
. T3S3(Tsinghua) 13.9TBq
T1S1T1S2 T153T154 «—— 4m
Gas supply: 94.5% Freon, 5.2% iso-butane, 0.3% SF6, 1L/h
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Beam test results
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Mosaic design 2

The noise of this new design can be lower than 1Hz/cm?.
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Beam test results

Beam test@ ELBE, HZDR, Sep, 2015 524,825 4 x dcm?
) g | s S11:5 x5 mm?

S1,S2,S3,54:2 x2cm?

= ey 31‘!

Gas supply: 90% Freon, 5% iso-butane, 5% SF6, 50mli/min

13

X111 Workshop on

RPC Resistive Plate Chambers and related detectors
Ghent University, Belgium UNIVERSITEIT

2016
February 22-26, 2016

25




Beam test results
Beam test@__ELBE HZDR Sep 2015

S24,S25: 4 x 4 cm?
S11:5 x 5 mm?
S1,S2,S3,54:2 x2cm?

fu_ﬂ
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Time resolution
Time resolution @ HV=4-6 kV
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HV scan
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Efficiency loss
In the gap area:
~ 2%
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Rate scan
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Summary

Two kinds of large area mosaic MRPC were developed.
Simulation proves that the influence of 1mm glue is only 0.5% of
the detector and the lowest efficiency point in the detector can
still reach 93%.

Cosmic and Beam test of gluing MRPC shows that it has
efficiency higher than 94% and 97%, time resolution around 73
ps. But the noise is too big.

Mosaic MRPC uses fishing line to separate two glasses and

achieve efficiency higher than 96%. time resolution around 60 ps
In beam test.

Fishing line block is a good way to develop large area high rate
MRPC with small pieces of low resistive glasses.
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Next to do

Big trapezoidal high rate MRPC will be developed, and test at GIF++.
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