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MRPC introduction

Read out
Insulator +HV
AN
Carbon = Resistive
plate
/
—— GND
Insulator
Read out
MRPC structure
MRPC application:

Standard parameters:
Resistivity of glass: ~102 Q.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

1. Application in nuclear physics experiments
2. Application in industry (Muon tomography)
3. Application in medicine (TOF-PET)
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How to increase rate of MRPC

The voltage drop in the gas gap:

Virop =Vap —Vgoo = IR =T

rop ap

The smaller the voltage drop, the higher efficiency and higher rate capability!

Two main ways to improve rate capability:
* Reducing bulky resistivity of electrode glass (CBM)
« Reducing the avalanche charge (ATLAS)

Other methods:
» Reducing the thickness of glass
« Warming the detector
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Typical MRPC TOF

RHIC-STAR TOF
Float glass

Layout of CBM detector

Ring
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JLab-SoLID TOF
High rate and 20ps resolution

Detector

FAIR-CBM TOF
High rate- low resistive glass
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Key technology

1stgeneration TOF (from 2000): L
Requirement: Time resolution: <80ps [
Rate : <1kHz/cm? MRPC

Technology: common glass MRPC+NINOs +HPTDC

N

/

Differential FEE

TDC

Analysis method: TOT slewing correction START
2stgeneration TOF (from 2008): o
Requirement: Time resolution: <80ps B
Rate : 30kHz/cm? Vi |74

Technology: low resistive glass MRPC+PADI +GET4
Analysis method: TOT slewing correction

3stgeneration TOF (from 2012):

Requirement: Time resolution: <20ps _

Rate : 20kHz/cm? Q—
Technology: low resistive glass MRPC+SCA +ADCJ “
Analysis method: TOT slewing correction

Deep learning+ Neural network

V
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RHIC-STAR

Polarized p+p

Au+Au

dE/dx (GeVicm)

Collision species C.M. Energy per nucleon Physics

pair (GeV)

510, 200, 150 Spin physics

200, 130, 62.4, 39, 27, 19.6, Quark Gluon Plasma

14.5, 11, 7.7 properties, QCD Ciritical
point search

200, 62.4, 19.6, 22.4 Study initial conditions
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STAR-TOF MRPC

PChoard 1.5mm inner glass 0.54mm

Honeycomb 4mm
mylar 0.35mm pad 0.045mm

outer glass 0.7mm

AT
gasgaps

0.22mm [

electrode (graphite) 0.13mm

fishing line

] 31.5mm
interval 3mm

inner glass 200 mm

outer glass 207 mm
PChoard 210 mm

mylar 212 mm

Long side view




Readout

Glass: ~4X1012Q.cm
Carbon tape: 500k Q/]
Gas gap: 6X0.22mm
Working gas: 95% F134a+5% iso-butane
Time resolution: 70ps
Efficiency >90%

Rates capability: <500Hz/cm? !
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MRPC mass production
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PID of STAR-TOF
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Facility for Antiproton and Ion Research

SIS100/300

‘ Compressed
'\ » | Baryvonic Matter

N
/

> Super Fragment-Separats r:
V4 Nuclear Structure and Astrophysics
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« 10%?/s; 1.5 GeVl/u; 238U28+
 1019/s 23873+ yp to 35 GeV/u
» 3x1013/s 30 GeV protons

[Secondaw Beams}

* range of radioactive beams up to
1.5 - 2 GeV/u; up to factor 10 000

higher in intensity than presently
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_ayout of CBM detector

Engineering design of the CBM experiment

Nominal ToF
position is
between 6 m and
10 m from the
target

Movable design
allows for
optimization of
the detection
efficiency of
weakly decaving
particles (Kaons)

Interaction rate
10 MHz
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The structure of CBM-TOF wall

CBM-ToF Requirements

Technical Design Report » Full system time resolution o; ~ 80 ps
for the CBM > Efficiency > 95 %
> Rate capability < 30 kHz/cm?
Time - of - Flight System » Polar angular range 2.5° — 25°
(TOF) » Occupancy <5 %

» Low power electronics
(~100.000 channels)
» Free streaming data acquisition

The CBM Collaboration
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Performance of the glass

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

32cm x 30cm

1010 Qem

0.7, 1.1lmm

20 pm

< 10nm

7.5-9.5

Ohmic bebavior
stable up to 1 C/cm?

scintillator2

Aging test with X-ray source
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Glass mass production
Yield >100m4/month

;
1

Online test system. The
efficiency and time
resolution can be
obtained by cosmic ray
while irradiated by X-
rays. 0.1C/cm? charge is
accumulated in 35 days.
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Design of strip-MRPC for high rate region

Glass: low resistive glass
0.7mm thick, 33cm x 27.6cm

Strip: 27cm x 0.7cm, 0.3cm interval, 32 strips
Gas gap: 8 x 0.25mm, two stacks

Honey PCB Mylar Graph|te Glass Fish line Upper stack
- lower stack
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Up setting

Down setting

HD-P2

~—

USTC

THU-KStrip X

HD-Ref

PMT

\

High rate test in February 2015 at SPS CERN
13 GeV Ar beam v Buc-Ref
, / THU-Pad
Flux rate around 1kHz/cm Buc-2013
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Development of MRPC N7
for CBM-TOF

CBM ToF

Introduction  »

Material 4 2001 2002

Module Test » #006 £007
011 012

Other Stuff #016 #017
#021 #02.
#026 #027

£003
£008
2013
2018
£023
4028

2004
2009
2014
2019
2024
2029

List of Tsinghua MRPC modules #001 - #040

Producttion website:

http://hepd.ep.tsinghua.edu.cn/CBM_TOF/

©
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MRPC/E it 33 | MRPC3a Quality Assurance Table

MRPC ID MRPC3a - 005
RE TSR / Glass Batch No, NOJ9 151225 R R/ Amount
B/ Glass FEH S 5HK / Glass Batch No. NO.11 151225 JiB R /Amount
425K / Glass Batch No, B3/ Amount
T HL / Surface Resistance (MQ/sq) Point 1 Point 2 Point 3 Point 4 Paint 5
B / Electrode 1 8 2 7 7
B / Electrode B2 | Electrode 2 3 3 4 3 3
FRBH3 | Electrode 3 5 8 5 8 5
EBBONA | Electrode 4 8 4 3 5 5
BB / Honeycomb J
PCBETR / Top & Bottom PCB J
SMMGABRE S5 2 W AE R TSR 100k y 2.2 3 0
T Resistance Measured on Outside Resistor Unqualified
Protection Resistor " 200602/
PO P e o it S |
< 7
SRR Comecor | [T RESRRENRERT A 07mm/ J o 0
Mylarl / Mylar v
PCBETFHRME / Top & Bottom HV. v
PCBHRIEMEE | Middle HV v
£a8 / Spacer v
PR | Thickness Point 1 Paint 2 Point 3 Point 4 Paint5 Point 6 Point 7 Point §
_EFPCB / Between Top & Bottom PCB 1144 1147 1144 1141 1157 1145 1159 1152
_EAPCB / Between Top & Middle PCB 461 411 467 476 466 479 4712 a1
TFHPCB// MiddlePCB| 463 503 502 487 49 484 484 414
BJRBE / Total Thickness 2598 2592 26.11 2612 26.03 26.13 26.15 26,05
HEAREF / Signature HiEH
E / Date 08/09/2017
A Note
CTECLTUTT=FOSItTOIT CUIIMUET (CCFU] ZU




Time line
» Jan 2018
» Mar. 2018

» Fall 2018

» Fall 2018

<ibv SN » Feb 2019/2020
; - 36 modules
va'm -3 layers
yom - 12 sectors
. 6912 channels

» Summer 2021

TPC
Endcap &
MWPC ! — .__,__FTPCs
lCal ;L-’-"-‘" =S LU zca
Sl UlE .=‘,-,... b & 2
TOF i \\\ )\7 ;.._.'
5 I‘""u?li"
Barrel EM ; i Central
I ﬂ Tiow
Barrel or
TOF
T RICH
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shipping and installation of one sector

2nd system integration test with one sector by
participating in the Run18 beam time in STAR

shipping all 33 modules including infrastructure
(gas system, LV-, HV-power supply) to BNL

Installation and commissioning
Start of the BES Il campaign

Decommissioning and shipping of all modules
including infrastructure to FAIR

21



Time resolution

StETofAnalysisMaker — Time Resolution
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PID of STAR-eTOF

StETofMatchMaker — PID Information
2018 Au Au 27GeV, 2M events
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Overview of SoLID

Solenoidal Large Intensity Device

* Full exploitation of JLab 12 GeV Upgrade

= A Large Acceptance Detector AND Can Handle High Luminosity (1037-103°)

Take advantage of latest development in detectors, data acquisitions and
simulations

Reach ultimate precision for SIDIS (TMDs), PVDIS in high-x region and threshold J/y
*5 highly rated experiments approved (+3)

Three SIDIS experiments, one PVDIS, one J/y production (+ three run group
experiments)
*Strong collaboration (250+ collaborators from 70+ institutes, 13 countries)

Significant international contributions (Chinese collaboration)
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SoLID-TOF structure

« The MRPCis developed for the TOF of T/ separation powﬂ’-:— jfsﬁsm
SoLID _

Oy = 100 ps
* Main Requirements for TOF:

— O, =60 ps
—— Oy =30 ps
Oy = 20 ps

separation power n_
LY ‘ [=7) | [o]
/

_——
e -

— m/k separation up to 7GeV/c

— Time resolution < 20ps
— Rate capability > 20kHz/cm?

——

MRPC3 MRPC2

<+ TN :

SoLID-TOF super module -
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Technical route

» Challenge for both MRPC and electronics.
» Electronics: Fast amplifier + pulse sampling
» New analysis method: take the advantage of the entire waveform

A R L L A

D%—» |H bl 4 | aoc

-

R

MRPC

Hhose BHAHERS
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Neural network was used to reconstruct timing

m The analysis method is based on the neural network.
m Artificial neural network(NN): powerful && widely used in high energy physics

m Introduce NN to obtain good time resolution:
—— Find out the patterns from the MRPC signal and estimate the particle 1st
interaction time more precisely.

MRPC Simulation: 1x6 gaps, E = 107 kV/cm

Learn from the S Teop
simulation waveforms < 160
140
120
Test with voof
1 . . -
simulation data sof-
60:— . . .
- First interacti
, Test with b /
. 20—
experiment data g _
0_—-’3————: -
e v b e b Py By 0 |

0.2 04 0.6 0.8 1 1.2 1.4
Time /ns

Wang Yi, THU The 2018 international workshop on the high energy Circular Electron-Positron Collider (CEPC) 27



Simulation results

Accuracy Precision
MRPC Simulation: 1x6 gaps, 0.25um MRPC Simulation: 1x6 gaps, 0.25um
= 10 = 1.1 50 Ty
2 e 1 &
8 8- o : | c
& °F o MLP § 1:— PP S S a5 %
— L|_| - e —
6 = LSTM 0.9} a0 2
L - . i on
al - Experimen
: beriment 1
o - point 35 =
S S 0.7 a 1 g
O 5 e ot g o8 gao et ¥s o - s 30
. 0.6 . !
—2F - N —{25
] 0.5F v A
—4 N Ny — >
~ - / - E"iCiEI’"IC}" ‘"C 20
—6:— 0.4 2 il + MLP Time resolution ]
- - ¥ LSTM Time resolution —|
-8 0.3 = 115
_1 0 :I I 111l | L1 1) | 1111 I 111 | 111l | 11 11 I 1111 | 11 1 | 11 0 _I 111 | | | L1l | 1111 | L1l | L1l | 111 | | | L1l | 111 I_ 0
85 980 95 100 105 110 115 120 125 '%0 86 90 95 100 105 110 115 120 125 13
Electric Field [kV/cm] Electric Field [kV/cm]
v
m Accuracy is good and stable Streamer may happen

m The best time resolution can reach around 20 ps.
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Experimental setup

m Experiment of the cosmic ray
m 2identical MRPC: 6-gap, 0.25mm gap, working at E=109 kV/cm

trigger

Oscilloscope

m Oscilloscope bandwidth: 1 GHz Leading edge: 700~800 ps

= Sampling rate: 10 GS/s 7~8 points along the edge

Wang Yi, THU The 2018 international workshop on the high energy Circular Electron-Positron Collider (CEPC) 29



Experimental results

m The 4 waveforms are estimated by the LSTM models separately

m Define: At =tyrprc1 —tmrPC?

: . MRPC Experiment: 1x6 gaps, 250 um, 109 kV/cm
for vertical particles ano_— fimoresidual

Af dyvrpe + dblock 130 (i - o o120

true — 2 - bs 2501 Std Dev 0.0535

i 2 / ndf 190.8 / 54

m The time resolution of two MRPCs 200} 7 | Constant 287345

. i Mean 0.1288 + 0.0007

are lndependent: - Sigma  0.05128 £ 0.00045
150
a(At) i
OMRPC = -
V2 100
m  With LSTM model, for vertical [
particles, the time resolution is: 50~

i |IIII|IIII|III|IIII|IIII |JI|JI]IJI

51-28/‘/5236-3293 02005 0 005 0.1 0.15 0.2 025 0.3 0.35 0.4

At [ns]
For MRPC of 6-gap, 0.25mm gas gap
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Design of 38 MRPC for SolLID

Item dimension/mm +HV E_
Honeycomb 90 X 265 X 7.5 L wi

Outer PCB 120X 298 x0.6 /N L A
Mlddle PCB]. 120 X 298 X 12 ground //E ground
Middle PCB?2 120X 328 x 1.2 st

Strip length 268 4/’E

Strip width 7

Mylar 90 X 268 < 0.25 Y 5

GlaSS 80><258><0.5 ....... > Honey

Carbon 72 <250 comb plate
Gas gap width 0.104 — » PCB
Number of gas gap 32
[ . > Mylar
——— s=zEsaEEs > Carbon
electrode

s sssssssas > GIaSS
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Analysis with neural network

o Test system: 2 MRPC

0(At) = 0 (tres1 — tres2) = \/02 (tresir) + 0%(tresiz) = \/2012\4RPC
= a(ttrue2 — test2 — Ctruel + testl) = U(testl — test2)
0_( testll + testlr test2l + test2'r )

0- (At) 16 :_8 points in the leading edge Enl:ILr:erESidualaﬁd

— [ time resolution = 21.70 ps Mean -0.04946

O'MRPO — 14 Std Dev 32.28
ﬁ ¥2 | ndf 20/27

19 Constant 1249 +1.14

- Mean 2.629 + 2484

o SCA+ADC waveform sampling b socs 2t

o Train with simulation data, test with

. o
experiment data 13
e Plot 45_
. testll + testlr test2l + testZ'r -
Time = — A
Dottt s e b L bl L
° 00 —i50 -100 50 0 50 100 150 200

The time resolution can reach 20 ps 2

Time /ps
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Conclusions

» MTRC-TOF played an important role in modern high
energy nuclear physics experiments.

» High rate and high resolution TOF is being developed.
» New technology should be studied:
New material (low resistive glass)
New electronics (switched capacitor array (SCA)
and high precision TDC)

New analysis method (deep learning technology)
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Thanks for your attention!
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about 80ps.

still higher than 90% and the time resolution

Even though the rate is 70kHz/cm?, the efficiency is
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mCBM@SIS18

Schedule

10/2017 HTD cave & beam line: preparation of
construction, start of procurement

11/2017 HTD cave & beam line: start of construction
11/2017 mDAQ test stand @ Heidelberg operational

11/2017 installation of detector subsystems:
mechanical design freeze

03/2018 HTD cave construction completed
04/2018 mFLES cluster @ Green IT Cube installed
05/2018 installation of detector stations
06/2018 start commissioning w/o beam

09/2018 start commissioning with beam

>
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p 87 | 5.98h
0= n
Jer +141 08w+t
Coefficients: a(1) — a(8)
Number of gas gaps: n
Number of stacks: ns
. Width of glass: wl
Width of gaps: w2
Width of strips: w
I Approximate formula for impedance estimation in MRPC detector: Equivalent dielectric constant: &
a(l) a(3)xnxw2+a(4)x(n+1) xwl w wl
_mxlog w —a(b) +a(6)xJnwa{-l[n—l—l]><w1+a(?j><logﬁ
fmp = ns + a(8)
nX W2 X By + (n+ 1) x Wl x| [5; :
Ee“:( nxw2+(n+1)=wl )
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Approximate formula for impedance estimation

Approximate formula for calculating the impedance of transmission lines in MRPC Detector:

Imp =

a(l) a@)xnxw2+ad)x(n+1)xwl w wl
EE+H(2)X10g w — a(b) +ﬂ(6)KJHXW2+(H+1)><w1+a(?))<10gw2
ns + a(8)
, 4gaps_0.7mmGlassWidth_0.28mmGapWidth
Coefticients: a(1) — a(8) ; P
406.3467 + 15.0495 2 i
8.6294 + 1.0010 E ool ] " -
6.1138 £+ 0.1998 - — 3stack
0.6871 + 0.0606 3{::— 1 = L T e
0.5577 + 0.0289 -
59.0823 + 1.8964 80I=
37.5319 + 1.8673 \
0.895 + 0.0089 L . .
RMSE=1.2043 20|
M N T T T B L L | | |
R'Squ’are= 0.9977 ) ° ’ m b Strip ::dths'mm
.
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Waveform simulation

m MRPC structure

Design the structure

6-gas MRPC
! Gap/glass thickness: 0.25/0.7 mm
Shoot a particle Gas: 90% CzH2Fa, 5% CaH1o0 and 5% SFe
. *— +HV
Primary interactions
-HV

Cosmic muons: ~ 4GeV

Drifting & Avalanche
m Avalanche through drifting

qinal : . | dn B _ o : Townsend coefficient
Original current signa dr (a B n)n 1 : Attachment coefficient
v m Inducedcurrent: j(¢) = Ew - UBON('{J)

1 %7%
m Front-end electronics + noise
*F. Wang, et al., A standalone simulation framework of the mrpc detector read out in waveforms,

arXiv:1805.02387.
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Simulation data

Simulation dataset :

1. to: first interaction happens

2. ty the signal reach the peak

v

3. 7 uniformly distributed points along the
leading edge

Fixed threshold
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Signal waveform

e Compare the waveform

1L 1R _ MRPC Experiment: 1x6 gaps, 250 um, 109 kV/ecm
- = > -
-E- 35—
] - @ R
2 N
"t Lf 2 Simulation Waveform
: ‘a 30 ’
= E .
3 o ol < — Experiment Waveform
F . . . . . _ . . 25

N
—
N
A
n
=]

b=t 10

ok WWW.WM o MMWW

L 1 L L L L oy * Il L L L 1 1

2.8 2.8 = oz a1 a8 " 2.8 o8 oz o T
Tires Timas

Waveforms of 1 event Point ID
Nearly the same!

Still with differences!
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One NN: Multilayer perception (MLP)

m Multilayer perceptron (MLP)

Fi(Z) = h(Z(wfjg(...g(Z(w;kg(Z(wglmg T Xx?;)-.. + X;) T Xf)
o j k l L
utput
Input Hidden layers Output

Input

B Activation function: g and h —— tanh
B Weights: wo’l"', Xo,l...
B “Dropout”: avoid overfitting

-s 0 «— The length of the leading edge {;

ARAS
Sy
Wyins NN

O '*f.;-'t\\\hz
pa
ST
A SO

Time of the very first interaction: to =t, — 1

B Train/validate/test set: 20/10/10 k
Several uniformly distributed B Tensorflow & GPU: GTX 1080 Ti
points along the leading edge B ~ 10 mins for training
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O1 02 O3 == On <«———| Thelength of the leading edge ¢;
1 t 1 T

Several uniformly distributed
points along the leading edge

f : forget gate: Whether to erase

| : Input gate, whether to write

g: gate gate, How much to write

0: output gate, How much to reveal

unit

m Train/validate/test set: 20/10/10 k
m Tensorflow & GPU: GTX 1080 Ti

> 30 mins for training
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