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Abstract:
e |Introduction of MRPC

* Introduction of three generation MRPC TOF
 Status of newest technology
« Conclusion
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MRPC introduction

Signal electrode
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MRPC structure

Main specification: MRPC application:

Time resolution: ~tens ps _ _ _
. : 1. PID in nuclear physics experiments
Spatial resolution: <1mm

Efficiency: >98%

Cost effective, large area

2. Application in industry (Muon
tomography)
3. Application in medicine (TOF-PET)

Long time stability

Wang Yi, Tsinghua University 1st DRD1 Collaboration Meeting, 2024.1.29-2.2 3




MRPC used in TOF system

Active area per
detector (cm)

Total active area (m?)
Pad size (cm)

Gap X thickness(mm)

Gas mixtures
(C2H2F4/ C4H10/SF6)

Operating field
(kV/cm)

Efficiency
Time resolution(ps)
Max rate (Hz/cm?)

120 x 13
141
3.7x2.5
10x 0.25

90/5/5

96

99.9%
40
50
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22 x 8.4
50
6.3x3.1
6x0.22

95/5/0

107

95-97%
60
10

90 x 4.6
5
90x 0.3
6x0.3

85/5/10

110

97+3%
73t5
50

0.5x(9.2+14.8

)x32.8
1.33

(9.1~14.1) x

2.4
12 x0.22

90/5/5

109

99%
60
50

33x27.6
120
27x1.0
10x0.25

90/5/5

110

97%
60
30k

10

(16~28) x 2.5

32x0.128

90/5/5

140

98%
20 ps
20k

‘ higher counting rate and time precision.
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How to increase rate of MRPC

The voltage drop in the gas gap:

Vioo =V —Vo = IR =gipd

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 and CMYS)
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
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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

7

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
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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

200 Cold nuclear matter

193 Study initial conditions

Particle identification

104
10°
102
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STAR-TOF structure

PChoard 1.5mm inner glass 0.54mm

Honeycomb 4mm

mylar 0.35mm pad 0.045mm
electrode (graphite) 0.13mm

outer glass 0.7mm

fishing line

ARV AR RARRERTAOY

Run—9 (act‘lve) gasgaps :
/ 0.22mm

) Run-9 (i tive)
WeSt ' RE:-s inac o

31.5mm

interval 3mm

inner glass 200 mm
outer glass 207 mm

PCboard 210 mm

' mylar 212 mm

The structure of MRPC

MRPC + NINOs + HPTDC
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PID of STAR-TOF
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TOF PID:
n/k ~1.6 GeVic, Observation of the antimatter helium-4 nucleus
(TC k)/p —_ 3 O GeV/C The STAR Collaboration* Nature 473 (2011) 353
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FAIR 2028

APPA Laser

s ‘ ‘o RA
[ Primary Beams } ~ ’( § p
TN A
« 102/s; 1.5 GeV/u; 238U28+ B &/
» 1019/s 23873+ yp to 35 GeV/L /
« 3x10%3/s 30 GeV protons m—

mes MSV completion

Continuation of APPA,  / /- HE APPA, NUSTAR and
CBM and NUSTAR : = PANDA investigate options

experiments in = for further experiments at
existing facility —— green lines

 The ,FAIR 2028“ science program will include:
— CBM at the new cave with SIS100 beams, and HADES at SIS18

— APPA experiments at the low-energy rings, at SIS100, at the caves at SIS18 and
UNILAC with and at PHELIX and a limited set of experiments which could be
Wart‘g%%%& at all th caves served by SIS100
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Layout of CBM detector

Dipole RICH TRD TOF - Tracking acceptance:
Ring Transition Resistive 20% 9, b 297
Magnet Imaging e~ Radiation Plate a
Cherenkov =y ‘ i Chambers

» Free streaming DAQ
+ R,;=10 MHz (Au+Au)

R, ~ 0.5 MHz

full bandwith:

Det. — Entry nodes
reduced bandwidth

Entry nodes — Comp. farm

with
R, (MVD)=0.1 MHz

MvD " sTs PSD

+ Software based

| Micro Silicon , ] Muon Electro- Projectile “ .
~ Vertex - Tracking Detection Magnetic Spectator event selection
w Detector System System Calorimeter Detector

(parking pos.)

Day-1 setup = MSV setup — Compute Performance - ECAL Day-1 funding:
Phase-1 = MSV = Day1 with full Compute Performance + ECAL ~ 90% secured
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The structure of CBM-TOF wall

The CBM Collaboration
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CBM-ToF Requirements

Technical Design Report » Full system time resolution o1 ~ 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

P 2 xy_points3
TofPoints3 /em™s ———
Mean x 341
1 05 # ............................................................
E M 1
I Region D: 25 kHzlcm? ean y -0.0%603
3 RMSx 2326
Region C: 10 kHz/cm? L RMSy 1313

108l | e
= r 3
RegionB: 2.7 kHz/cm?

| Au+Au, Center,
100 1 10AGeV
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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

1019 Oem

0.7, 1.1mm

20 pm

< 10nm

7.5-9.5

Ohmic bebavior
stable up to 1 C/cm?
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Time Resolution (ps)

Time Resolution (ps)
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Glass mass production
Yield >100m?/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.



Test results at Nuclotron, Dubna, 2013
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about 80ps.

still higher than 90% and the time resolution

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

1S

Cell flux[kHz/cm®]
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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

File Edit View Serup Utilities Applications Help Triggered Tektronix  _ | X|
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USTC

THU-Strip X

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 MRPC N7
for CBM-TOF CBM ToF

Introduction  »

List of Tsinghua MRPC modules #001 - #040

Material » 2001 2002 4003 e
Module Test » £006 #007 £008 2009
£011 £012 £013 2014
Other Stuff 2016 2017 s018 2019
#021 #02 #023 £024

#026 £027 028 #029

Producttion website:
http://hepd.ep.tsinghua

.edu.cn/CBM

©Tsing

Wang Yi, Tsinghua University
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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 6
B/ Glass FEH S 5HK / Glass Batch No. NO.11 151225 JiB R /Amount 4
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
137




Results iIn mCBM@SI1518

mCBM@SIS18

The CBM Collaboration mTO F

Compressed Baryonic Matter Experiment

hResiTB_Statjon_0

. — FPuUllTE_Station_0

' Entries 100436

1 U ] Mean —0.005643

3 Std Dev 0.04513

| Constant 1.028e+04

1 U Mean —0.003817

o Sigma 004217
107 f '

10 |

1 |

-1 | 0 1
_ A_T (ns)
Time resolution: 42ps
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mTOF-wall

mTOF N. Herrmann

‘o mTR FAR

real Pb on Au
collision

Clu position of Rpc #001 in Sm 000 of type 9

—P -
= 0
2,
810
o
0 "%(Lxm '.*-'\\'
35um
-10 < SR
fishline-cantact
2
_20||1|||||||||||| 10—1 3 ‘ ok, J
0 10 20 30 SUB000 15.0kV 15.1mm x1.00k SE(UL) 50.0um
Strip []

Obvious gas pollution effect is observed
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Development of sealed pad-spacer MRPC
tGasout’_c

|o

]
\ % v

Gas flow e

7 e |y

/-111111-

Sealing  gy,4 Honeycom PCBwith  Graphite Glass Nylonline  PMMA -
frame b readout  HV layer plates  spacer panel L
strips

Tows et

2. Speedup gas exchange and reduce
creepage on the spacer

1. Gas saving : stable operation
under < 10 sccm/m? gas flow in
cosmic ray test

1 10 10
|| —*— time resolution | MeanTemp: ~24°C r
—m— efficiency HV: 5300V r . sealed 9 unsealed
014 r < —
PSR 3 <
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LI B B B B e e e e B e L 0.8 Time since X-ray off (S) 0 1 2 3 4
0 5 w 15 20 % Time since X-ray off (h)
Aging (days)
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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)

Wang i, 1singnua university 1st DRD1 Collaboration Meeting, 2024.1.29-2.2 22



28cm

SoLID-TOF structure
* The MRPCis developed for the TOF of . & \RIK separation power, L :188:;5"‘
I
* Main Requirements for TOF: 2 \ \\ \ """" Groy = 20 ps
: L
— m/k separation up to 7GeV/c % 4 NN \\
— Time resolution < 20ps & \\\\\
n L
— Rate capability > 20kHz/cm? - \§::
0 | | 1 | |
2 4 momentgm (GeVIci3
MRPC3
x — MRPC2  \irpc1
(T T e

100cm
SoLID-TOF super module
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Toward 20ps resolution: narrow gap MRPC

O Simulation indicates proper ways to design
the gap thickness and arrange the stacks

IS SN

Time resolution for different MRPC: Electronics Noise ~20fC

ADC 32: e 2e.tacbk*Bgap 1
- —4— 3stack*6ga
30: L] Sbiauk'szaz /ﬂ
[ —4— 4stack*2gap
= 28 v 4stack*4gap A / =
R e E e e e A Fast DRS4 A 26: —¢-— 4stack*6gap » s .
MRPC amplifier é E —i#-— 4stack*8gap // // b
3 24f-f
% 20 - ,é*/ / .i./ -
[ HE 4 v Pl e
o ,F |
— \/ + O & 2y ; . e
Otor = \/OMrrc electronics = S -
ot =& || Narrower gap
C : — thickness required
oror <20 ps, the intrinsic resolution of g SEEEEm— S —
. : = = 18 0.2 022 0.24
narrow gaps MRPC is around 15ps, Gap Thickness [mm]
so the time jitter of readout electronics <20 ps, the gas gap: <0.18mm
<13~15ps- gap number: >16
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NN can get the first interaction time t,

Simulation dataset :

Source

tref

»

Signal 1

Fixed threshold

1. to: first interaction happens
2. ty the signal reach the peak

3. 7 uniformly distributed points along the
leading edge

NN method can avoid avalanche time
jitter compared with TOT method.
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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)
0 J k l .
utput
Input Hidden layers Output

Input

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

NPT
1A
SN
(7

.

Dy !
SN
Wyins NN
O '*f.;-'t\\\hz
pa
LSRR
,{,m AN =
<7

., 0 «——| The length of the leading edge ¢,

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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Comparison of ToT and NN

MRPC Simulation: o'g=28, 12 gaps

Z *F Time reconstruction algorithms:
P . The tra_ditional algorithm:
g I ToT (Time-over-Threshold)
e 2% Neural network:
s LSTM(Long Short Term
- network)
10 /
s e The resolution result with the
S new reconstruction algorithm is
0 | |

00 150 200 250 300 even better
Gap Thickness [um]

Wang Yi, Tsinghua University 1st DRD1 Collaboration Meeting, 2024.1.29-2.2 28



Fast amplifier
Bandwidth=1.4GHz

Test First Stage p Second Stage
Input e
— ) = AAA 3 4
L4 Ld
2 HIIE ’{/xm SADJ F‘A>
AAAS P
i - LEMO
I Amplifier Amplifier . Outputs
e <8 ]
[]=8 High
h - Density
High Density Connector
AFE Module | 9 ity 9 Cable

Hit
Read Enable Circuit ':>
%16

gas gap thickness 128 um
number of gas gaps 4 chambers X 8 gaps
glass material low resistivity glass
glass thickness 400

5 mm in width

readout strips (2 mm clearance)

Total material: <0.1X,

Wang Yi, Tsinghua University

RAM
PXI

BUS

SENS

T som soMT T s0m 33M

RMS (ps)

@

RMS (ps)

OCaANWNOON®OO

o

5 10 15 20 25 30 35 40 45 50
Amplitude (mV)

—8— | TC6409 |
coeome THS4508

8
7
6
5 -‘.
4
3
2
1

N
Analog | |16l gcA x_ﬂ: ADC e
Circuit ]
> —
T 2.5M
ﬂ?‘ Clock Circuit

Hosc‘

Waveform sampling

Based on DRS4

Sampling freq=5 GS/s

1st DRD1 Collaboration Meeting, 2024.1.29-2.2

00 200 300 400 500 600 700 800 900 1000
Amplitude (mV)

29



Simulated efficiency and time resolution

MRPC Simulation: 4x8x104um

~J
]

g )
o 1 e =
= 1605
w - - 0
. 7]
o _ 50 &
- —e— Efficiency - 0
0.6 —=— Slewing Correction 1,4 =
i —+— LSTM Network :
0.4F 130
0.2+ 20
O ]
_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II_U.
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Cosmic test

MRPC + fast amplifier + DRS4
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20ps@15kHz/cm?® MRPC
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Find Eco-gas

« European Union “F-gas regulation”:

« -Limiting the total amount of F-gases that can be sold in
the EU

« -Banning the use of F-gases in many new types of
equipment.

* -Preventing emissions of F-gases from existing equipment.
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Preliminary results

* Pure HFO and HFO/iC,H T/
95/5 tests complet/ed4 N L ’/}?ﬁ”ﬁ
e Efficiency Curve: ho'gg /
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Preliminary results

* Time resolution:

e ~120ps at working point, not

as good as standard gas o —
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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 New technology were developed such as :
New material :low resistive glass;
New MRPC structure: sealed pad-spacer for high rate-MRPC,;

New electronics : switched capacitor array (SCA) and high
precision TDC) ;

New analysis method : deep learning technology.

v" A prototype of 20ps resolution MRPC was designhed and the time
Is around 16ps.

v" New topics such as Eco-gas, industrial and medical usage...
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Thanks for your attention!
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