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SoLID Detectors

> Detector R&D from Chinese Institutions Tsinghua+USTC
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» General Princple

Charged particle

Electronics

—>

Signal to the stripes

esistive late hamber (M 3/22

O Low-resistivity glass plates, Standard gas (95% Fl34a + 5% iso-butane), HV(~12kV)

1 Good performances:
time resolution, efficiency, rate capacity (>30kHz/cm?), radiation-hard, magnet safe

O Certain spatial resolution (by strip pitch)
O Low cost, easy manufacturing, large sensitive area (up to 1.0mx0.5m)

0 Used by ALICE, STAR, etc.

Honeycoumb
PCB

Readout Strip
Mylar Film
Carbon Film
Glass

Gas (seperated
by fish-line)




» Tsinghua’s new Sealed MRPC (sMRPC)
1 Gen3 MRPC with sealed gas = No more boxes! |

1 More compact, less radiation length

1 Reduce greenhouse gas emmission (20cc/cm?/min)

N ————

Gas flow B e ————————————
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Sealing Stud Honeycom PCBwith  Graphite Glass Nylonline  PMMA
frame b readout HV layer plates spacer panel

i g b O Tsinghua’s Miyun workshop:
i a w mass production of sSMRPC

Y. Wang et al 2019 JINST 14 C06015




» Tsinghua’s Sealed MRPC (sMRPC)

[ Most recent tests: cosmic ray with x-ray background

efficiency at |15kHz

Y. Yu et al 2022 JINST 17 P02005
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Entries 674
Mean 1.1
Std Dev 28.75
%2/ ndf 47.22/32
Constant 57.34 +2.96
Mean -1.608 + 1.007
Sigma 23.24 +0.76
16.82ps
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v' 32-gaps (4 stacks), 400um thin glasses
v" 104um gas-gap + waveform-sampling = 20ps & 95%

Y. Yu et al 2020 JINST 15 C01049
v" 128um gas-gap + ToT method - 20ps at |5kHz
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»Synergy w/ US-EIC:

w Epi-silicon(p)

AC-LGAD | —3

Development of High Precision and Eco-friendly MRPC

TOF Detector for EIC

Alexandre Camsonne!, Sanghwa Park!, Yi Wang?, Zhenyu Ye*?, and
Zhihong Ye'?

IThomas Jefferson National Accelerator Facility, Newport News, Virginia
23606, USA
?Department of Physics, Tsinghua University, Beijing 100084, China
3Department of Physics, University of Illinois at Chicago, Chicago 60607,
USA

Submission date: July 14th 2023
J ePIC chose AC'LGAD as the TOF . O Generic R&D for EIC (#14, awarded $80K for 2024):
o Goals:Time resolution~25ps, Tracking o Possible for part of Detector#1 TOF, & Detector#2

resolution ~100 um Optimize thickness and position precision
o MRPC vs.AC-LGAD: Eco-friendly gas

o
o

o thick (10% Xo), less position precision o In-beam performance

o Cost effective, radiation hard, no risk o Readout electornics (synergic to AC-LGAD)




»R&D Task#|: Eco-Friendly Gas Replacement

[ Possible replacements of standard gas:
v' C2H2F4 (R1234ze) + CO2

v" Argonne + CO2
v" Helium

O Cons:
" Expensive (C2H2F4)

" Impact to other detectors (Helium)

" Need ultra-high HV

..........................

ﬁ  Serial sealed | MRPC Standard Gas

: gas chambers !

Trigger0
Freon
Gas box.

Ref-702 / ] -
Sealed-701 ‘ d
i 7 ——
Ref-700 @ -
| :
i'(‘-tH 10

R A— Bubbler - Atmosphere

Triggerl

W

SFy

U To-dos:
=  Simulation with more gas mixtures
= Cosmic-Ray test with diff. gases (Tsinghua & UIC)

= Beam test for actual performance
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»R&D Task#2: Readout Electronics | sMRPC at FermiLab (April 2022) fE

O 4 low-rate sMRPC at UIC (unfinished Fermi-Lab beam test) ~ = 7
[ 2 high-rate sMRPC built at Tsinghua | i

U Goals: Test out front-end electronics options

O PreAmp + DIS USTC FEE (NINO+FPGA-TDC)
= NINO (discontinued) 2
" pico2023 (*NEW*)

a TDC
= FPGA base (not rad. dard)
= picoTDC (*NEW*)

d Waveform Sampler
= DSR4 (slow)
= SAMPIC
= NALUAARDVARC & ———

=C

¥ picoTDC |

& == ————
E © FERs - DTs202

vvvvv

P
(replacing NINO)

nnnnnn




AR 522

Dimension 360 x 338 mm?*
Height 26 mm
»R&D Task#3: In-Beam performance o o
D GO&IS: Glass dimension 330 x 276 mm*
Gas gap number 2x4
= Study performance of replacement gases Gas gapwidth ~ 0.25mm
Strip pitch 7+ 3 mm
= Study timing performance with high-energy beam & high-rate background Strip length 270 mm
Strip number 32

= Radiation torrelance for modules and electronics

4 To-dos:
= UIC local test with cosmic-ray + xray background

2 planes of 16-layer sMRPC + SAMPIC & NALU

= Tsinghua’s local test with cosmic-ray + x-ray background
2 planes of 32-layer sMRPC + USTC FEE
+ DT5742 (DSR4) + pico2023 + DT5202 (picoTDC)

= Jlab beam test
2(+2) planes of 16-layer sMRPC + SAMPIC & NALU
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> Shashlyk ECal Material Overview:

— — High reflectivity, effectively
ot B

improve the brightness

lead sheet with reflective coating plastic scintillator

scintillator KEDI enhanced
WLS fiber Y Il multi-cladding
outside surface TiO2
ﬁber’ end reﬂector ESR ﬁlm
lead paint TiO2" optical reflective glue

Wavelength-Shifting Fiber

*instead of reflective layer between lead
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Scintillator tiles and leads are cross stacked in
the mold keeplng pressure for one day

fiber polished with CNC milling machine UIR2 fEllEg e 'aYe" ¥ Tyvek #



»Shashlyk ECal Assembly (by Shandong):

L The fiber coupling test is ongoing. The new adapter design is easy for assembling, still under study to improve the quality.

12/22

L The reflectivity of ESR film is better than TiO2 painting

Number of Photo-Electrons

ch1_NPE ch1_NPE
chi_NPE chi_NPE
Entries 5005 Entries 5005
Mean 226.7 Mean 175.8
RMS 20.76 250 RMS 19.38
Constant 239.5+5.4 Constant 255.5+5.7
Mean 226.2+ 0.5 Mean 1741+ 0.5
Sigma 20.76 £ 0.83 200 Sigma 19.49+0.70
1]
€150
. . o
Lisht yield w/ ESR ° I . : :
gnty - Light yield w/ TiO2.
; film. -
: 50
L./ P IS T T T R | 0— A NI T T T N SO N S S SO SR AN SO S S
500 1000 1500 2000 0 500 1000 1500 2000

Number of Photo-Electrons
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»Shashlyk ECal Assembly (by Shandong): :

L Irradiation resistance test at IMP

Sample 5
Sample 4 ; | |samplel |Sample2 |Sample3 |Sample4 | Samples |

Total Irradiation(MeV/cm”2) by  8.6E+11 1.4E+12 2.8E+12 3.7E+13 1.1E+14
Sample 3 simulation (uncertainty 10%) (Not tested)
””””””””””” B ' _ Test material clear fiber  clear fiber clear fiber clear fiber BCF91A-
' 7 BCF91A-MC  BCF91A-MC  BCF91A-MC MC
Sample 2 scintillator ~ scintillator  scintillator  scintillator

Sample |

Total Neutron Fluence [1/cm<]

[ Satisfy radiation resistance requirement

1x10%8
1x1016 g [ g [
5 = . . . . . = 1.02—
$ - Kedi Scintillator light yield &
1x1014 s T 2 - >/
5 _F 2 - 8%
1x1012 g "] 2 T
5§ r i 2 o098 }
s I ® C
1x1010 = 70— 60/ 2 C
- o e~ BCF91A-MC WLS relative light yield
1x10° ol L
C 0.94_—
- - 1x106 - - +
00  -500  -400 -300 -200 -100 0 100 200 68— 0.92|—
C co b b b b b b by gy 1ix10™ PN T Ty e Ty Ty R TR T Y N T
o % 1o 15 20 25 30 35 40’< 12 12.2 12.4 12.6 12.8 13 1 3.'2Otal irr;giglion d:)f;f(lg)

total irradiation dose



» Shashlyk Supermodules:
4 Goals:

v" Performance of a full shower development

v" Photo-sensor options (clear fiber+MaPMT, or MCP)

v" Assembly process, deformation, quality-check, and calibration, etc.

v" Optimizing supporting structure design (by ANL)

v" Slow control development (HV, LED, ...)

v" In-beam performance (moving to Tsinghua now, then to Jlab in 2024)
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> Shashlyk Supermodules: . Incident particle

waveform of one event in one module . X ‘/

1 Cosmic ray test at Shandong Univ.

1 Signal [mV]

Incident particle p

L
160
Time [ns]

Modules  AND logic  3.2GS/s Digitizer ' v &

event selection

Eoaa doa ol Lo Lo Loaalaay
0 20 40 60 80 100 120 140

» Calculate number of photo-electrons(NPE)

* Perform an integral over the entire waveform

v

* Subtract the baseline from the waveform integral
test system simplified diagram « NPE = charge / (1.6 * 107-19) / gain

> Select vertical muon events

* Only one out of 7 modules has a signal, indicating nearly vertical incidence



ch1_NPE ch4_NPE
Ghi_NPE - cha_NPE I 6/22

Entries C Entries 6372
Mean . a00C v Mean 607.5
L RMS £ RMS 1918
- p0 1581+ 36.9 350 PO 2271+ 49.9
E MPV 4463+ 1.4 E MPV 643+1.9
200l sigma 32.65+1.24 300— sigma 47716
o [ 2505
° Sis0l £t
» Shashlyk Supermodules:
100} 11 150—
0 . . . B J ' o ‘ l
— 50— c n
NPE & Resolution Resolution = sigma/mpv b . S |
R R ; 00 a0 oo 1200
m pv reso I ut' on Number of Photo-Electrons Number of Photo-Electrons
B |
hO_NPE ch3_NPE ch6_NPE
800 0.3 - i T - Ché_NPE
700 s00f /1 600f hEAr:z:i: * 17567:.(7) E mﬂe * 152?3
600 0.2 L | 5§ \ RMS 118 350 RMS 1835
E +39. £ + 44, E 0 +35.
500 ° 0E et 500/~ WPy Tareis 300 WPy oleasts
400 300 ‘ sigma  42.59+1.38 r sigma  49.89+1.35 E sigma  46.38 + 1.62
300 psof- o 3
%88 i o. I gzoof— ggoo, gzoo}
0 o 150; [JJ ‘{ 200:— 150;— 1
E = L F 100 JJJ -
100 ol £ i L e
o I 2 3 4 5 6 5011,1&]_#1]1?‘”\] \u 100~ H\ [y sob i WWW 11
i £ E Foo i Eoalmg, 1 .
— Mean — Resol ution Chal‘lnel 0 e a hes ke 500 eg “;gdﬂ“‘];goﬂﬂggf BT e £ L L i\j\‘ "y ko]
Number of Photo-Electrons 500 600 700 800 900 1000 1100 1200 1300 200 400 600 800 1000 1200
Number of Photo-Electrons Number of Photo-Electrons
T
ch2_NPE ch5 NPE
N EmriesChz_NPE 11128 E
L L
p0 2179+ 36.8 asob p0 2077349
. MPV  5569%17 F MPY 531.1420
D TI m e Pe rfo rman Ce sigma 47.11+1.49 300; sigma 50.28 + 1.68
w250 )
é200;
. o e . £
leading edge timing to over-threshold time : |
a o E I ]L 100;
determine over-threshold time hi | : I " g E
istogram example e L., " .
St | | | | E L L Pl SN P
s Of ch0_overThresholdTime T ———
Sl e —
210 N
: gooor Mean 56,06 °F Sa—
-20F L Constant 1018 +14.1 7= - Theshou 30nv
F 800 Mean 56.16 +0.07 F 4 Threshold 60mV
_s0F L Sigma  4.509 +0.101 6F
threghold value o sE-
-401- € 2 S
o 3 E 4%.
-50 400 @ 33
-60F— L §
£ . . . . .
f  over-thrgshold time 200 leading edge timing shift
TP B I A N A I W P A T P P IR IS IS B W E
0 20 40 60 80 100 120 140 160 46 48 5 52 4 6 5 62 64 66 ob v b b b b b L
Over-threshold time[ns] 0 1 2 3 4 5 6

Time [ns]

Channel
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O OptimizedMMOL : : 11
1 1°E4 2 ont imizediios e 1osE
» Micromegas & uURWELL R&D by USTC e
= bt imizedMMO5 §§ © 0.95;
H 1 ;%n Ll E i :g OZSE " Upper(X) strip
L USTC is moving away from GEM technology === 5 osf -
Gain ->098%
Micromegas in a Bulk Thermal bonding processing 3 OO DO SO0k 0 Dot Dt Bt
Mesh voltages (V. Mesh voltage (V)
opper - %2/ ndf 98.32/70 F 2/ ndf 86.37 /64
lane _ 0 Stainless steel mesh 7005 ﬁ‘ éonsw, 671.40 11.54 ; éonsm, 567.88 + 11.02
R4 - 600f 1 L Mean,  -0.32+1.25 sook ‘1 :deanc.,,. ;;.i:t:.::
Readout PCB - Ocore 88.70 £ 1.42 F e 42£1
(T, Thermal bonding fim PO T L el g || ;ffﬁlfﬁ?i
Hot roller I 3005 J O 3?5.70129.94 i a%E 1 ) ai 4.40 +18.90
( . . « | | ox=65um I [ \ oy=65um
e No etching, no pollution o f »; |
 Easy to handle at lab 600w w0 ow T e

* FEasy to make new structures

* Low cost

*  ®0.5mm- ®lmm spacers, ~lcm pitch
=>easy to clean for large area
=>less than 1% spacer area

O Thermal bonding method (TBM) for Micromegas detectors:
concise and etching-free mass-productive process

O A complete set of equipment, mature fabricating process,
mass production capability for m? size micromegas
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Micromegas & uURWELL R&D by USTC
L USTC is exploring high rate & spatial-resolution uRWELL technology

* Compact structure: 50 -100 um avalanche structure tightly attached

on the PCB
* < |00 pum spatial resolution

* ~M Hz/cm?2 rate capability two orthogonal layers of
e X-Y 2D readout design strips were set in the inner _ _
——e—— Ar/CO,(70%/30%) 9) p—

*  Promising to make a large area layer of the readout PCB § 1ot Sos A

Wall pitch: 140 um Germanium film " / // o TepaBotiomayer
Copper layer; 5 pm Waell diameter; 70-50 um . Thickness: 400 nm t 08 e
Aplcal thickness: 50 pm Stainless steel mesh G | | / /
DLC layer: ~ 0.1 pm rounded at edge oal

Reslstivity: -~ 45 ma/C]

Thermal bonding \ | i o/
\ m : filmspacer == === =====—= /- - 10°- Gas gain 02 /// € >95 %

PrePreg: 50 um 1 J_ Lo AP P I B 920 440 460 480 500 520 540
U . — 380 400 420 440 460 480 500 520 Voltage
I ' pper strip . \ = Voltage (V)
Lower strip Readout PCB urwellX_bias urwellY_bias
Siewdouk Fe0 uRWELL PCB % r EnUiesUﬂNGllX_bIaS'sgAG 3 L Enuiesl‘lrwe”Y_bIas 16946
= [ Mean -0.009714 ‘=1000— Mean 0.0008108
<1000 - Std Dev 0.07599 € r Std Dev 0.07715
(] r 2/ ndf 261.1/39 (] [ ¥/ ndf 139/39
z Prob 1.1626-34 Z gool- Prob 3.884e-13
c1.2r 800 C Constant 990.7 +10.4 r Constant 963.8+9.8
c s L -®- DEF L Mean 001181+ 0.00052 [ Mean  0.001913 £0.000539
g g 1 1: -B- PEDF 600 r Sigma 0.06606 + 0.00047 6007— Sigma 0.0684 + 0.0005
© >
& =
= © 1 400~ —
E | e | Oy— 68/ um
. 208 Maxium Gain: ~8000 S\, 09— 200F
- Collimator: ~5.5 F L
O Normalized o Lt ook :
7 -OfC . ! L !
. R F b E % -0.5 0 0.5 1
ga| n vs. Rate 06 5 07 Bias_Y(mm)
E s 06— 3mm drift region
058 Ll il - 6mm collimator
10° 10° 05 i bl
Rate (Hz/cm?) 1072 107!

1 10
Rate (MHz/cm?)



Beam Tests

»Shanghai Advanced Research Institute (SARI):

Shanghai Synchrotron Radiation Facility

3 f {\h r,rq ]

, Shangha| Synchrotron !

Soft X- Ray FEL i =/ . Radiation Facility
(| .5~3.5GeV Electron Beam) S it ehePrrg GO B LU 6T 2T A AR v e . MCATE «
) S , ol ‘ IS o B ’,, ,‘ Ty 5 o | 4 A = " e 2, \ } i | ‘* ' 'f'; e Shanghai
~ ‘ Wt X" o)/ i : R NG =7 : _ Tech. Univ.

e
’ 3

\A
!

Shaft #2 Shaft #3 Shaft#4 2 Shaft #5

i Shanghai High Repetition Rate X-ray FEL and Extreme Light Facility (SHINE)
| (8 GeV, 10 exp. Stations, operation in 2024)
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» Soft X-Ray FEL (SXFEL):

O 1.5 GeV electron (10Hz, 500pC/p, 2ps-width)
O Summer 2023 Test:
v' 4 scintillators as trigger, see electron signals in ECal |
(W-power) = saw huge “overflow” signals!
v" Detectors in the tunnel (not easily accesible)
O Spring 2024: SoLID ECal+Trackers+MRPC
L Aim for a dedicated experimental station (need beam-
line modification)

Stations

Detectors
(Scm+ECaI)




Beam Tests 21122

>Jefferson Lab:

1 Move 2 low-rate MRPC from UIC to Jlab; Ship 2 high-rate MRPC from Tsinghua to Jlab;
= Develop test stand (gas circulation system, FEE, DAQ)
= In-beam time resolution & efficiencies with different FEE (Hall-A or Hall-C?)
= Radiation hardness of MRPC and FEE
= Used in Hall-C Hypernuclear experiment (sMRPC+pico2023+picoTDC)?

1 ECAL supermodule from Tsinghua to Jlab
" Energy resolution of a full shower (Hall-D beam?)

= Mounting and Supporting (need local engineer support)
" Photo-sensors and FEE in magnetic field (200G ~ |.5T)
= Radiation hardness of modules and long clear-fibers

L Under discussion: beam test of USTC’s micromegas & uRwell
w/ optimized design (flexible PCB backplane)
= Two micromegas (20x20cm?) to be installed at Tsinghua




(J MRPC by Tsinghua aims for improving TOF down to 30ps
* 4 modules at UIC & Jlab; 2 high-rate modules at Tsinghua
= Exploring FEE options
=  Support from EIC R&D funding
U Shashlyk ECal by Shandong and Tsinghua
= A super-module with 7 modules has been assembled (+2 spares)
» Exploring photo-sensor options
* Developing calibration method, slow control
= Synergic w/ EIC? Apply 2024 EIC R&D Funding?
4 MPGD by USTC
* Moving away from GEM; Mass production capability for micromegas; R&D on uRWELL

" 2 micromegas moduels at Tsinghua for MRPC and ECal testing;
O Shanghai SARI e-beams at .5 GeV (SXFEL) and future 8 GeV (SHINE) = dedicated e-beam station?
d Beam tests at Jlab (MRPC, ECAL, MPGD) - Local support needed!

] How to move forward with formal US-China collaboration on SoLID?






bHUA UNNERSHY DEPARTMENT OF PHYSICS

i Shanghal Synchrotron '
Radiation Facmty

Shaft #2 Shaft #3 Shaft #4 __== Shaft#5

SE Shaft #5
Near Experimental Far Experimental

Shaft #2 Shaft #3

Shaft #1 Beam Switchyard Beam Damp

32*88 40*30

Injector
0*7Q

Accelerator 2
‘ || Unduitor [ Bearine | —q
. 1430m L 400m .I e 760m Long Beamline

Om 2003m

3110m

* ¢,8GeV, Frg=1MHz

FEL: 0.4—25keV

* Pulse width: |---10fs

* 3 X-ray beamlines

|0 exp stations

12/08/2023 24

Total Length: 3.1km
* 29m Underground
5 Shafts Down
Over 10B RMB




bHUA UNIVERSITY DEPARTMENT

OF PHYSICS

VHF Gun +0

750keV CMO00 CMO1 CM02-03
Buncher 120 MeV
2.4MeV 12 A

Beam energy/GeV
Bunch charge/pC
Max rep-rate/MHz
Beam power/MW
Photon energy/keV

Pulse length/fs
Peak brightness

Average brightness
Total facility length/km
Tunnel diameter/m
2K Cryogenic power/kW
RF Power/MW

8.0

100
1

0.8
0.4-25
20-50
5x1032
5x10%

3

38

12
228

BC1

SHINE Accelerator and FEL Lines

BC2
CMO04-21

270 MeV

85 A

4-8.6
10-300
up to 1
0-24
0.4-25
5-200
X0 -1 10>
1X1023-1 X10%
Sl
59
115/
3.6

12/08/2023

L3
CM22-75

FEL-1l (0.4-3 keV)

FEL-1 (3-15 keV)

FEL Line

FEL-I

Photon energy/keV
Photon number per pulse @12.4keV

Max pulse repetition rate/MHz
FEL-II
Photon energy/keV

Photon number per pulse @1.24keV
Max pulse repetition rate/MHz

FEL-III
Photon energy/keV

Photon number per pulse @15keV

Max pulse repetition rate/MHz

FEL-IIl (10-25 keV)

— A

3-15 3-15
>1010 >1011
0.66 1
0.4-3 0.4-3
>1012 >1013
0.66 1
10-25 10-25
>10° =
0.66 1
25
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bHUA UNIVERSITY DEPARTMENT OF PHYSICS

Civil Construction [

1. Shaft #1, 2.Shaft#2 e :
3. Shaft #3, 4. Shaft #4 | B R,

5. Shaft #5, 6. Linac Tunnel ‘;’;"’»4; RS
7. Target Chamber in #5-B5

el 1 :;«//i}.‘ﬁ}z |
/} f '\.‘hm *

:: Shanghai Synchrotron
Radiation Facility

RN

4 g b

Shaft #4

12/08/2023
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bHUA UNIVERSITY DEPARTMENT OF PHYSICS

» Till March 2023, ten tunnels between shaft No#1to No#5 have been all constructed.

Easten tunnel between Easten tunnel between Easten tunnel between
Shaft No#2 and No#3 Shaft No#3 and No#4 Shaft No#4 and No#5

o \
3 g N
)
7 ®, N
¥
\

‘\;\_ 17 Y R YR
'. LN ;

» Non-circular structure of shafts
5 shafts have been constructed

« Shafts No.#1 to #3 adopted opposite
braces and diagonal braces

Shaft No. #4 & #5 adopted opposite
braces and side braces, 9 or 10
supporting beams are used along the
iiflpth (if the foundation pits.

S

12/08/2023

-~
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» Tsinghua’s Sealed MRPC (sMRPC)

 Tunable performance of Gen3 sMRPC

v" Gaps, layers and HVs can be optimized for different needs
v' BEST: 32-layers, 400um glass, 128um gap, 12kV

—1'—5 2 stacks*8 gapsE
—4— 3 stacks*6 gaps
= 3 stacks*8 gaps

32

- —i— 4 stacks*8 gaps

| ~# Efficiency 35

N + Time Resolution

100" ¢osmic Test 013019 s —4— 4 stacks*2 gaps
_ GasMixture: j 3 28 v 4 stacks*4 gaps
— 90% CH,F ;5% i- CjH,, 5% SF £40 —4— 4 stacks*6 gaps

80 : ; y A - 26

24

D
o

130

\ o5

22

Efficiency [%]

[lll, Illllllillllllllllllll

Time resolution [ps]

Time Resolution [ps]

N Tt P
P | Y A B o3 o=
—l L1l I | il 1 I L1 11l llllillllillll L1 11 llllilll — :: & ¥ H 3
0 6 7 8 9 10 11 12 13| 1410 14 Hp - S S - ke il e e ) i I -
High Voltage [kV] [ " 0.1 012 0.14 0.16 0.18 0.2 0.22 0.24

Gap Thickness [mm]

Working point
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»ToT Method vs. Sampling

Amplitude/v

0.03 [
= P i
- b el
0.025 oy /,/
- //'
b o
0.02 f— ///
0.015|— Y
- Threshold pd
L5 UL e B SR S e ST s SR
f— ’A/
0.005 |— >
[& A
- - I——v// 1 . | 1 -
¢ 2 4 6 8 10
- Time/100,
Time a

O ToT Method:
v" Fixed threshold by DIS
v Use ADC for walk-correction
v' Fewer requirements on front-ends
v' Affected by signal amplitude
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Sampling Method:
v' Capture waveform of raise-edge
v" Need fast sampling front-ends
v Good for high-precision timing
v Good for large noise and varying amplitudes
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»Tsinghua’s Sealed MRPC (sMRPC)
U Parameters of Gen3 sMRPC (32-layers, 400um glass, 128um gap)

MRPC Module LxWxT (mm)
Tsingh
) 265 %90 x 7.5 d 4 mRPC at UIC and 2 new ones at Tsinghua
Outer PCB (x2) 298x120x0.6 | Panameter | Value
Inner PCB (x2) 298x120x1.2 Dimension 360 x 338 mm*
" 2
Center PCB (x1) 328x120x1.2 il 20108
: : Weight 3.3kg
Readout Strip (on PCB) 268x5(8 line, 2mm gap) : _ >
Glass dimension 330 x 276 mm-~
Mylar film (x2*4) 268x90x0.25 e 5%
Carbon Electrode (x2*4) 250x72x0.005 Gas gap width 0.25 mm
Resistive Glass (x9*4) 258x80x0.4 Strip pitch 7+ 3 mm
Gas Layer (x8%4) 0.128 Strip length 270 mm
Active Area 258 x 80 Sl L
Total Size 328 x 120 x 40.3 (0.1 X)

Pulse signal before Pre AMP: 2mV (integrated charge ~ 4pC)



Hadron Endcap mRPC-TOF

Endcap TOF consists of 16 modules and each module consists of 3 sealed MRPC.
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Figure 1.3 Arrangement of MRPCs inside the box in the End-cap.
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MRPC

> R&D Task#1: Simulation Framework

O Tsinghua has developed an efficient MRPC simulation tool

O Improvement for future study
o Eco-friendly gas
o Reduce gaps (less radiation length)
o Improve spatial resolution

Primary Ionization
(Physics hit, energy deposit)
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—> Better Gas Property Simulation
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MRPC Time Resolution / ps

» Time-Correction with Machine-Learning _ MRPC Simulation: Threshold/Noise = 6.6 70
s | :
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Q To dos:
v Use modern machine-learning tools
v’ Train with new simulation data
v" Check with beam-test data



