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CBM-TOF: 7HFVAEBFEAMRPC

« High rate @CBM TOF as a fixed target heavy iron experiment Radaion

ke e it
» Coverage: ~ 120 m? e Calomeer
» Rate: 1-25 kHz/cm? ikl
* Thin float glass MRPC is a cost-effective solution for the TOF wall outer region b

(rate ~ 1 kHz/cm?)
* challenges

. — AuAu 10AGeV. TOF at 6m
— Glass thickness: 0.23 mm | A
o s / <
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10 0 10 Glass Size 353x 276 x 0.23 mm| 353 x 540 x 0.23 mm
X(cm) :
Efficiency as function of incident ch. particle flux Time resolution as function of incident ch. particle flux Gaps Nfﬁer 02533 2"“
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Z 70
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MRPC: BAZR—>& K

* Good candidate for CBM TOF o et
* Have a better anti-aging effect under high flux.
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Reduce gap thickness
More gaps

Improve the time resolution
of electronics

Choose a good working gas

CEE: T [8] 43 ¥¥MRPC

300 Gas box 300

» 4X6 gaps
« 0.16mm gap width
« NINO FEE + FPGATDC

« 30 ps time resolution achieved
(20 ps reported, with Waveform
sampling readout )
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Fraction of gas flux inside MRPC gas gaps:

0.48%

Readout strips
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Thermal bonding spacer (TBS)

Fraction of gas flux inside MRPC gas gaps:

42.5% Can be further improved

R

Mylar pad spacer
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ATLAS— A . FESFRHEARPC

* 3 layers of thin-gap RPC to be installed in ATLAS Barrel Inner
region during LS3 with rate capability up to 1 kHz/cm?

* Tasks undertaken by ATLAS Chinese cluster
— ~ 900 BIS/BIL/BOM/BOR read-out panels will be produced and qualified
— ~70 gas gap will be produced and qualified
— ~360 singlets assembly carried out in China

— Full production chain of thin-gap RPC

readout panel flathéss:

Large-size readout panel RPC singlet assembly
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HV electrode painting ; ‘Applying insulation film| | Finished gap
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M EEMicromegashik
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Read-out board
with Cu strips

SS Stretched mesh

- l _ on metal frame

Laminated

JE Stainless steel mesh

Readout PCB

= Thermal bonding film

Hot roller
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Jianxin Feng et al,. NIM-A 989 (2021) 164958.
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Jianxin Feng et al,. NIM-A 1031 (2022) 166595




M EFEMicromegasiRillzs
EHigSHinitt: KERSEEEMicromegasEifiizH4&

T r |




M EFEMicromegasiRillzs

" ¥2 { ndf 972.7 / 680 T T T T T T T T T
F - e e s B Optimizediiol
| 8 600— 7553 +1.43 ptimizedM)
I Ab = E | — ;‘;:L"fﬂ";;‘;;"“ pi 333.9 4 0.6 o5k~ ©  Optimizedwmo2] i} i
HB E II\ soo[| —— Kbeta:15.2% pa 33.75 £ 063 A& OptimizedMO3 ety
3 Escape peak of Ar P Saarras Opt imi zedVMO4 —
C 42_35' 1_0.1-9 - Opt imizedMMO5 [ ©
400~ 72.01+0.98 = : 2o ~
N 716.8 £ 1.0 % b 105
soof- 46.43 +0.15 o i R
C 20.49 + 0.69 S 100 E : & : : i
. - ~0.02031+ 0.00085 g2 : ;
200{— S i
Xg3zeili®t (5.9 keV) : ?
° -
100}—
ﬁ_l' 5 o I e 101‘)0 f'(l)o ’;() -"i)() -"li() »:‘10 v';o ’tli() ,L() ":m 590
P8 . 1 O A 70/ COZ — 490 5 5 .)_.“ ‘).. 1 55 ‘“.1 570 580 5¢
. iE o . ~ r + (o) : Counting rate (MHz/cm?)
E ==== 2500 1 10 1 1 10 1001
S ot = T
g r
VAN A —| EWEY % - 2
3 = 3000 1.0 =" Sg== H / 4110
m BEEDHE: ~15% (FWHM) i =—..>MHz/cm
I 23410 203 08 2 2500 &
> S 0.9 408 8
.', l--n----uu- . -] o
o o o 0 k25 ‘.’-’::::"'::::: 00 s s
Jioiay; M- 9% f 2 EEEER R e e T £ o0 | Ememenm rfos 2
ZSTA)S o = e = wperime 2
B 5T ’J’j/ TE ~5% for 30x30 cm S . Rt ke N 5
- : l.‘ ' :========= 3 *7 {Tsmatation (G,=3182. R, T s
s o o 8 1000 w - - -R, =100 MOY- ul
06|~ - R, =110 MO/ ~H o086
—— \]e =
= sz - MH / 2 S/ _~5¢y -~ iR =120 MOk
LN B 2
s SiHEER: > MHz/cm RM MEAN 6 ; 1.
3 3n)tnanum Counting rate (MHz/cm®)
@ 5 ﬁ"lb ( 5 GeV) %2 /[ ndf 98.32 / 70
Cons,, 671.40+ 11.54
Mean,,. -0.32+£1.25
a, BB.70 £ 1.42
== ? are
. IK\ILJ% . > 98% @ COI"ISw“ 19.27 £ 3.85 E‘ E
L] = - .
£ Mean,, 24.42 + 15.96 2 g : Upper(X) strip
= 5 E
! £ E
w @il 3:25.?0 +29.94 5 Lower(Y) Smp
0.65 -
o6E ; ;
500 510 520 530 540 550 560

Mesh voltage (V)




M EFEMicromegasiRillzs
AHETR S D HHERTER NS

SR

Germaniuim film
Thickness: 400 nm

Stainless steel mesh
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DMM: Double Micro-Mesh gaseous structure TMM: Triple Micro-Mesh gaseous structure

Drift region
Drift region ~3-5mm
~3-5mm

electron ions
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Kunyu Liang, et al., NIM-A,1070 (2025) 170033.
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Experiment
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1 RGroovefRill 2%

2D-readout (XY) uRGroove
Gap=5mm .

Pitch=200pum

Width=70/50pum

2D-RGroove (new version)

2D-puRGroove new version 160 T T T T e R T A 1.0
1 T " pE
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Spatial Resolution (um)
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NIHFR 1 RGroove

100cm x 50cm 2D-uRGroove

50cm x 50cm 2D-pRGroove &b 5 .
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DLC

X-strips (uRGroove cathode)

V-strips

GND

ROhac:ll_———_—_:/—_\“

B 4E 7 1 RGroove

Structure Material Thick (em) | budget (X0)
LMB-GND - 2*0.001138%
Orife elacirode Polyimide (X0=28.57cm) 0.0025%2 0.0175%
Glue (X=20cm) 0.001*2 0.01%
Rohacell (X0=689cm) 0.2 0.029%
Gas volume “m{';ob::::;:::;i“"m 05 0.00425%
Cu (X0=1.43cm) 0.0015*65% 0.0682%
Cr (X0=2.077cm) 0.000001*65% 0.0000313%
Apical (X0=28.57cm) 0.005*70% 0.01225%
Glue (X0=20cm) 0.001*5 0.025%
Inner cylinder Kapton (X0=28.57cm) 0.0025*2 0.0175%
(nRGroove foil) Al (X0=8.892¢cm) 0.0012*(1*32.5%) 0,00439%
DLC (X0=12.13cm) 0.0001 0.00082%
Polyimide (X0=28.57cm) 0.0025 0.00875%
Rohacell (X0=68%cm) 0.2 0.029%
LMB-GND 0.001138%
Total 0.2301%
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B 4E 7 1 RGroove
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* Thermal Bonding Method to make Micromegas

FR4 board after

bonding ceramic board Adhesion of the mesh

Resistive Electrode

* Assembling into PICOSEC mode
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DC- and AC-LGAD R&D at USTC

» AC-LGAD is an enabling technology for 4D tracking at future colliders

> time resolution of ~20 ps and potential spatial resolution of ~10 um

» Currently considered for TOF at Electron-lon Collider and LHC(ALICE)
» USTC team mastered the LGAD design

O USTC-IME DC-LGAD sensor in production for ATLAS phase 2 upgrade

time resolution: 30 ps (unirradiated), 40 ps after 2.5 x 101> cm-2 Neg
» USTC Center for Micro- and Nanoscale Research and Fabrlcatlon(NRFC) supports in-
house prototyping: ideal for R&D

4

USTC-IME DC-LGAD wafers for ATLAS AC- LGAD fabrlcatlon at USTC NRFC USTC AC-LGAD (vO)




Some test results of USTC LGAD

DC-LGAD measured with Sr-90 at -30 deg C DC-LGAD measured at test beam
100ATLAS HGTD Preliminary Test Beam
670__‘ I ' T 7  r LI ]_— 'a' r T T ] — L LA L L L L Y I B L L L B L N |
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LGAD ASIC

B High-performance ASIC is very important for high-granularity AC-LGAD readout.
B Challenges on ASIC design:

Sensor Input

¢ weak signal: < 10 fC ’ [Formes
¢ high-precision: 10~ 15 ps TZ’;LE S H e
. . Charge
<o hlgh channel denS|ty l/’ | Injectigon RS raes Doveior vy A
> low noise and low power SIC Pre-AMP | "D JE%D%D% %EHD#
. . Clock, Config ﬂU Data o
_ Key teChnlqueS- MMI&‘ e Jﬁi Threshold CIockr Vetr Data T
v' Low-noise low-power high-bandwidth e ! ! !
pre-amplifier B Research experience:
v High-speed discriminator : : :
4 High— I?ecision time-to-digital converter ¥ 20 ps @ 10Cis achieved in
gn-p o 9 the prototype ASIC for DC- LGAD
v Build-in test circuit . ——
v" On chip data collection and transfer B Pﬁsﬁ%ﬁyv,' |

B R&D of the readout electronics
based on the ASIC is also an
important task for the AC-LGAD
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Some tools for sensor measurements

Digital Switch board for IV/CV measurements

with probe card 9-channel ampifier board for DC-LGAD

1 selected
channel

1 selected
channel

26/ 226

26 /226
connections ;

connections

Both boards designed by Jiajin Ge




R&D of Monolithic Active Pixel Sensors (MAPS)

e Motivation: to meet the physics requirements of the STCF Inner Tracker:
— Tracking efficiency: >99% @ p; > 0.3 Gel/; >90% @ pr > 0.1 GeV

e A preliminary design of the MAPS based Inner Tracker (ITKM)

— Three layers of silicon pixel detectors, with radii of 36mm, 98mm, 160mm (beam pipe: 30mm)

— Acceptance: polar angle of 202~1602
e Total area: 1.3m?

Requirements on the STCF MAPS: CharTPix

- Power consumption: < 100mW /cm?

« Material budget per layer: < 0.35% X,

« Spatial resolution: < 30um

* Time resolution: < 20ns (to deal with the pileup issue at high
luminosity)

 Hit rate capability: > 1MHz/cm?

* Time-over-threshold (TOT) measurement:

— Time-walk correction
— Correction of multi-coulomb scattering in track finding




CharTPix Sensor design

e Pixel size considerations

— Higher priority on the power consumption than the spatial resolution = larger pixel size to
reduce the power consumption density
— Three different designs
e Pixel-based: analog connected small pixels (1 X 6 = 1,2 X 3 = 1) using metal lines
e Strip-based: extended diode size in one direction
e Superpixel based: digital connected small pixels

ALPIDE-like Pixel-based Strip-based
e - E
A: pixel B: Pixel-based C: Pixel-based D: Strip-based E: Strip-based




Design technologies

* Three different CIS technologies are being explored

— Default: 180nm CIS with high-resistivity epitaxial wafers
« Resistivity: = 1kQ - cm; epi thickness: ~20 um

« Eg: Tower 180nm(ALPIDE)

* Mature technology, well validated
* Foreign technologies

— 90nm CIS with low-resistivity epi wafers:
* Resistivity: = 10Q - cm; epi thickness: 10~20 um

 Domestic technology under development
* Performance limited by the low resistivity
* Advantage of smaller process node

— 130nm CIS with high resisuvily supsturates:
« Resistivity: = 1kQ - cm, no epi layers

Domestic technology under development
Advantage of smaller process node

High voltage beneficial to improve the timing performance (eg. MALTA2)
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https://arxiv.org/abs/2501.13562

CharTPix protypes

Prototype MAPS design under three different technologies

TowerJazz180nm
: GSMC130nm
* Mature process in HEP (ALPIDE, NexChip BCISS0nm . Local tech
TI-Monopix) * Local techno Ocal techno
. Baseline techno « Low res EPI (100 - cm) * High res substrate, no EPI
* Low res substrate + high res
(>1kQ - cm) EPI :-"’"’""""’"""""""""""" """ 3 e T

T

Submission in Jan 2025

Submitted in September 2024
Chip being returned in May 2025

Submitted in March 2024
Chip returned in Dec 2024
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Calo Sampling | Sensitive Absorber | Granularity | Electroni | Absorb | Energy weight
No. detector cs length Resolution
Sci-W 32 PSD+SiPM W-Cu 5mmX5m | SP-2E 22 X, 16%@ 1 GeV 03T
ECAL m
AHCAL |40 PSD+SiPM Fe 40mm X 40 | SP-2E 4.7NIL | 60%@ 1 GeV 50T
mm
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