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Abstract:
e |Introduction of MRPC

* Introduction of three generation MRPC TOF
 Status of TOF of STAR, CBM and SoLID
« Conclusion
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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:

Vi =Vo, ~V = IR =qgpd

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
: Silicon maging
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Key technology

1stgeneration TOF:
Requirement: Time resolution: <80ps
Rate : <1kHz/cm?
Technology: common glass MRPC+NINOs +HPTDC
Analysis method: TOT slewing correction

2stgeneration TOF:
Requirement: Time resolution: <80ps
Rate : 30kHz/cm?
Technology: low resistive glass MRPC+PADI +GET4
Analysis method: TOT slewing correction

3stgeneration TOF:
Requirement: Time resolution: <20ps
Rate : 20kHz/cm?
Technology: low resistive glass MRPC+SCA +ADC
Analysis method: TOT slewing correction

Deep learning+ Neural network
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RHIC-STAR

Collision species C.M. Energy per nucleon Physics

pair (GeV)
Polarized p+p 510, 200, 150 Spin physics
Au+Au 200, 130, 62.4, 39, 27, 19.6, Quark Gluon Plasma
14.5,11,7.7 properties, QCD Ciritical
point search
Cu+Cu, Cu+Au 200, 62.4, 19.6, 22.4 Study initial conditions
200 Cold nuclear matter
193 Study initial conditions
Particle identification
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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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The STAR Collaboration*
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Observation of the antimatter helium-4 nucleus

Nature 473 (2011) 353
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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

Technical Design Report
for the CBM

Time - of = Flight System
(TOF)

The CBM Collaboration
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CBM-ToF Requirements
» Full system time resolution o ~ 80 ps
> Efficiency > 95 %
> Rate capability < 30 kHz/cm?
» Polar angular range 2.5° —25°
» Occupancy <5%
» Low power electronics
(~100.000 channels)
> Free streaming data acquisition

TofPoints3 /cm?/s Xy_ponis3

Entdes 25933
Mean x 340
1 05 # ...........................................................
3 Mean y -0.03603
I RegionD: 25 kHz/cm? !
3 RMSx 2326
Region C: 10 kHz/cm? |4 AMSy 1313

A0F el L e
—- ry ry
RegionB: 2.7 kHz/cm?

] Au+Au, Center,
1074 -1 10AGeV

m Simulated with
CBM ROOT
4
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Performance of the glass

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

stable up to 1 C/cm?

32cm x 30cm
1010 Qem

0.7, 1.1mm

20 pm

< 10nm
7.5-9.5

Ohmic bebavior

Glass mass production

scintillatorl

scintillator2

Aging test with X-ray source

Wang Yi, Tsinghua University
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Yield >100m2/month

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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Test results at Nuclotron, Dubna, 2013
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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

sh line Upper stack

Honey PCB Mylar Graphite Glass Fi
. ‘ ' ’ /— ¢ lower stack

File Edit View Setup Utilities Applications Help Triggered Tektronix  _ | X|

B (3 R (] ¥ |RunStopay) Trig \TDR ~| Acq Mode |Average

24h) |30 || BE || 3RE || ok |35 || Q |79 | AL [t |70 AL (BT (1

~|  300kHz - B

NRZ ~ Amplitude ~ |ZEa

1000
cable

1000 Strip
cable

TV 50cm on 27cm 50cm

N e W

Sum of c1 and c2 _________ N SN

Ve,
e

EJo.00 1 1 2.0 i
a| ~| 20000/div @] Bl (M| ~| 200000nsdiv  [@2| se70ons @B [ ] 1124pm 42212016
=+ | Cursors (Mn C1) Measurement ‘ ‘Waveform @
vl 58720 Off |2 20000/div
v2 11060

€| 20.000/di
Av a /div

Wang Yi, Tsinghua University RPC2018, Puerto Vallarta Mexioco, 1 T

ol wimps1 =l




USTC

THU-Strip \

HD-Ref

HD-P2

Up setting

PMT

\

Down setting

~—

High rate test in February 2015 at SPS CERN
13 GeV Ar beam
Flux rate around 1kHz/cm? Buc-2013

J ¥ Buc-Ref
THU-Pad
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Development of MRP
for CBM-TOF

c T

CBM ToF

Introduction  »

Material »

#001 £002 2003
Module Test » #006 2007 £008
#011 012 %013
Other Stuff 2016 e =“_018
#021 02, 2023
#026 #027 =028

2004
£009
2014
£019
2024
2029

List of Tsinghua MRPC modules #001 - #040

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

©
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MRPC/E it 3% | MRPC3a Quality Assurance Table

MRPC ID.

MRPC3a - 005

HKEHFEMAK / Glass Batch No. NOJ 151225 FER 3 R/Amount 6
BOH | Glass REHTF5HR / Glass Batch No. NO11 151225 JERER/Amount 4
REHF5HRK | Glass Batch No. E B Amount
T "B / Surface Resistance (M€/sq) Point 1 Paint 2 Point 3 Point 4 Paint 5
S BRBEH1 / Electrode 1 8 2 7 7
BB | Electrode FBRBEM2 | Electrode 2 3 3 4 3 3
RS | Electrode 3 5 8 5 8 5
FUBRBEHA | Electrode 4 8 4 3 5 5
B Honeycomb 7
PCB_ETF# / Top & Bottom PCB v
SHNGARE T 02 MAERBHHR 100k J [cl:t e 3 0
RGP R Resistance Measured on Outside Resistor Unqualified
Protection Resistor
PEHBI s pCa e et ot || G |0
<6.
BETHRY Comector | 10T SRRBRER A 6 7mm/ J e o
Mylark® / Mylar N
PCB_LF#REE / Top & Bottom HV. v
PCBHFHME | Middle HV v
#448% / Spacer v
A | Thickness Point 1 Point 2 Point3 Point4 Point 5 Point 6 Point 7 Point 8
_EFPCB/ Between Top & Bottom PCB 1144 1147 1144 1141 1157 1145 1159 1152
_EHPCB / Between Top & Middle PCB 451 411 467 476 466 479 4712 411
THHPCB // Between Bottom & Middle PCB| 463 503 502 487 496 484 484 414
BJEB | Total Thickness 2598 2592 2611 2612 2603 2613 2615 2605
HEARET | Signature BiEH
H¥ / Date 08/09/2017
¥/ Note
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Overview of SoLID

Solenoidal Large Intensity Device

= 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)

Wang 1, 1singnua university RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 2018 20



SoLID-TOF structure

* The MRPCis developed for the TOF of . & \“’K separation power, L :188;2:“
SoLID 5 : \ \\ \ — SwZ100ps
* Main Requirements for TOF: 3 °© \ \\ \ """" o =20ps
c
— mw/k separation up to 7GeV/c % N NN N
— Time resolution < 20ps :,5} of \\\\\\
n L
— Rate capability > 20kHz/cm? - \§:::
G | | 1 1 1
2 4 momentgm (GeVIci3
MRPC3
MRPC2 MRPC1
gt T
| 100cm

SoLID-TOF super module

Wang Yi, Tsinghua University RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 201

. SOLID-TOF structure

21




Design of 38 MRPC for SolLID

Item dimension/mm +HV E_
Honeycomb 90 X 265X 7.5 H ‘%i

Outer PCB 120X 298 x0.6 /N L A
Mlddle PCB]. 120 X 298 X 12 ground //E ground
Middle PCB2 120328 1.2 st |

Strip length 268 4E

Strip width 7

Mylar 90 X 268 %< 0.25 Y 5

GlaSS 80><258><O.5 ........ » Honey

Carbon 72 <250 comb plate
Gas gap width 0.104 — > PCB
Number of gas gap 32
D sssssssas » Mylar
E———  sssEEEEEE > Carbon
electrode

T —— > GIaSS
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Readout chain

LR PRI

. 4 | Abc

Fast amplifier  Pulse sampling

DT5742

Fast amplifier

* DRS4-V5 chip

« 16 channels

» 12bit 5GS/s

« ~ 8 points for leading
edge of MRPC

Waveform
Digitizer
DT5742
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Typical wave form sampling chip

Sampling Bandwidth Number Number of Readout Resolution
Frequency GHz of channels frequency oe
(GHz) samples (MHz) P
PSEC4 4to 15 1.5 256 6 40 to 60 9
16 — 8 (at

SAMPIC 3t08.2 1.6 64 10 GHz) 80 5
DRS4 0.7 to 5 GHZ 0.950 1024 9 33 1
DRS5 10 3 4096 32 300 5
PSEC5 5to 15 1.5to02 32768 4 500 5
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Deep learning and Neural network

Artificial neural networks(NN) are powerful tools for solving
complex pattern recognition problems characterized by
significant non-linearity

Widely used in high energy physics

For example, several sets of NN are used in the tracking
reconstruction in ATLAS experiment

Introduce NN to MRPC ?

Training the NN with simulation data, and test with
experiment data

Wang Yi, Tsinghua University RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 2018
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Comparison

Threshold method Neural network

Signal

r\./.\.

signal height U

voltage noise Au

timing uncertainty At

> t
v 1
—> —_—
rise time t, SNR
/ From leading edge-—>Particle incident
time
At = ﬂ.tr _ A_\l/L _Au t _Au Vi ® Avalanche progress
U U+n U Jt-f, U \/‘Ts ® Charge induce
® Shaped by electronics
number of samples on slope
26
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Neural network analysis method

Wang Yi, Tsinghua University

Determine structure of MRPC

Construct NN

Detector simulation->Pulse shape

Training NN

Input measured pulse-> Timing

RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 2018
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MRPC simulation

* Physics model——primary ionization:

* Photo Absorption lonization(PAl) model

* Induced charge signal

Response Current with time

* Shaped by electronics
e Train neural network

8o

60

Threshold = 7.21, Nosie = 1.20

i Timet1 =4.75,t12=9.15ns

See Fuyue’s poster:
A neural network based algorithm for MRPC time o

reconstruction

Wang Yi, Tsinghua University RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 2018
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Analysis with neural network

m Feedthe waveforminto a
fully connected neural
network

m 5 hidden layers

m 8 points along the leading
edge

m Peaktime as a time refqumaeg
m TMVA package Variable 2

Variable 3 :
Variable 4 :
Variable 5 :

Waveform Variable 6 :

Variable 7 :

Variable 8 :

Pe a ktime Variable 22 :

Bias node :

Wang Yi, Tsinghua University RPC2018, Puerto Vallarta Mexioco, 19-23 Feb, 2018
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Analysis with neural network

Test the model with the experiment data and get the estimated time

Experiment Signal Experiment Signal
peak1| = 248 #point =12 SignalWithTime2 peak1r =242 #point=9 SignalWithTime3
: Entries 90 100 j Entries 90
Mean 474 Mean 47.77
1001 1 L StdDev_ 14.17 L 1 R StdDev 149
- 80—
80 i
601 i
40~ L
20; 20;
o of
7|\\\|\\\\‘\\I\‘\\\\l\\\\l\\\\‘\I\\‘\\\\l\\\l _I\\\l\\\\‘\\I\‘\\\\l\\\\‘\\I\‘\I\\‘\\\\l\\\l
0 0
Expetiment Signal Experiment Signal
peak2| = 247 #point = 14 SignalWithTime 10 peak2r =|239 #point =7 ithTime11
E Enties 90 r Enties 90
- Mean 44.55 - Mean 45.17
60 2 L StdDev 13.26 50— 2 R StdDev 1284
50— 401
o 30
30l B
= 20—
20— C
E 10
10— C
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A 4

Cosmic ray
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Analysis with neural network

o Test system: 2 MRPC
O'(At) = J(tresl 7'8.92) = \/0' 'reszl + 0% (t'resﬂ) \/20MRPC

a(ttrue2 - test2 — ttruel + testl) = U(testl - testQ)
Lest1l + lestir Lestal T testor
a( )

2 2 ) —

16 —_8 points in the leading edge Em:Lr:EFES'dUﬁLN

O_MRPC — J(At) 14:_time resolution = 21.70 ps Mean -0.04946

V2 : T

. 12— Mean 2.629 + 2.484

e SCA+ADC waveform sampling : ot 23
. . . . . 101
e Tram with simulation data, test with |
. 8
experiment data 13
e Plot 45
. testll + testlr test2l + test2'r .
T'ime = — A

_JJJJJJJJJll":IllllllllllllI’I"I-J.ILLLI.LLLI

00 —150 -100 -50 0 50 100 150 200

e The time resolution can reach 20 ps

Time /ps
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Conclusions

v Time of flight system (TOF) based on MRPC technology is
widely used and played an important role in modern high
energy nuclear physics experiments.

v With the increase of accelerator energy and luminosity, many
experiments have increasingly demand on the TOF for
particle identification to have high resolution TOF under high
data rate environment.

v New technology such as New material (low resistive glass),
New electronics (switched capacitor array (SCA) and
precision TDC ) will be used in TOF system. New analysis
method such as deep learning technology will play an very
Important role!
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Thanks for your attention!
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