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MIC4 (4 )‘F/rJﬁ‘EFﬁ)

3.2 mm: 64 col

3.6mm || §"8gix
128 row

Clock for
readout
Address line

Lasp row also used for analog readout

0.3mm /cltage DACs, analog readout chain
XY
écan logic(Anaolog readout for test)
0.5mm Periphery Readout Logic
0.2mm Power, Analog Pads, Digital Pads

L
o %3 5F<25%25 um?
« Blrifial:<5us
« DpFE%E: <100 mW/cm2
o 1 5 : 40MHz per pixel
« FEALTIFE: 35nW/ pixel

Design MIC4 (Maps In CCNU)its 1]
41: about 14 mm?

[ %1) )< /::128 row x 64 col
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JadePix2 (

= AL F7)

2" Submission: joint (.18 um CMOS process MPW submission
with IPHC in May. 2017

— 3 X 33mm’;
— 96 X 112 pixels with § sub-matrix

— Processing speed: 11.2 ps/frame for 100 ns/row:

— Outputdata speed: 160 MHz:
— Power:3.7 yA/pixel;
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400 =
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» Mean threshold around 99 e-
s 3 —— e
) 5 o 15  |Mean oooar7a
Noise 0.008 * ool Noise Dev 0.0006455
0.006 i
400 -
0.004
2001 —
0.002 i
) ) . Ui L PR | 1 1 L L L L —
20 60 0 (4] 0.002 0.004 0.006 0.008 0.01
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» Mean FPN ~ 31 e-, TN around 6 e-
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1. ALPIDE 77 s%+Token-ringis &

2. ALPIDE 77 3%+Rolling-shutteris: &

A BRI E (%) (. 384 (SRR, 20, I#)

1) & %&—&SCl# X, Anasynchronous data-driven readout prototype for CEPC vertex detector,

INT J MOD PHYS ADOI:10.1142/S0217751X17460125

2) A Monolithic Active Pixel Sensor prototype for the CEPC vertex detector, HSTD11& SOIP1X2017,
B A4, &£ NIMAX% %, https://doi.org/10.1016/j.nima.2018.10.006

3) Development of highly compact digital pixels for the vertex detector of the future e+e- collider,
HSTR11& SOIPIX2017, B A 48 ;i Bpde INIMAZ gt e
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« EZHBKE: 510mm

e EH@A: 200mm X 200mm .

« AR TTPCRAEM XL LT, HFH4E
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E,=200V/cm , E=200V/cm ,V =400V
1 Mesh

F2qEEFREGEE: (BIR)

c ZPFLEETFHZXTH, KiFEL
3T K898 R T 5

o B HAEL00MMES N B, FAXK 5
AT & A T 69 E B TR R, ; ;
£ ~0.01%#9IBF @ Gain=5000  * % 500
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« AT EIAZH =N, CEPC-TPCik Epaddy ik )y, HA 3% @idig 3K 1M
. = LI A ASIC L% i#% R CEPC-TPCi #9163 #3628, AR LI HidE
oy #.)s T 5mW 4 33 5 ASIC% K

PASA/ALTRO AFTER Super-ALTRO SAMPA
TPC ALICE T2K ILC ALICE upgrade
Pad size 4x7.5 mm?  6.9x9.7 mm? 1x6 mm? 4x7.5 mm?2
Pad channels 5.7 x 10° 1.25 x 10° 1-2 x 10° 5.7x10°
Readout Chamber MWPC MicroMegas GEM/MicroMegas GEM
Gain 12mV/fC 18 mV/fC 12-27 mV/fC 20/30 mV/fC
Shaper CR-(RC)* CR-(RC)? CR-(RC)* CR-(RC)*
Peaking time 200 ns 100 ns 30-120 ns 80/160 ns
ENC 385 e 1000 e 520 e 482 e @ 180ns
Waveform Sampler ADC SCA ADC ADC
Sampling frequency 10MSPS 25MSPS 40MSPS 20MSPS
Dynamic range 10bit 10bit 10bit 10bit
Power consumption 32mW/ch 6.2-7.5mW/ch 47.3mW/ch 8mW/ch
CMOS Process 250 nm 350 nm 130 nm 130nm
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BAR T EFa| ik :

e KA F Aok ith965nm CMOS ¥

o« RV EMEH, KA —HCR-RCmH MSARADCLH), & %hitdi 5 v LI

B A AT ey

© TR TO5nmAR I A5 K ETPCz B ASICH — KR R

o BMATHH (AFE) #i&ki&i# (SAR) HADCE R % B 905X, XTI AL 45 47 ik 5
Ft &R, RiAEAHHS A A218mWAImW, EEKT A G H Hi

!

AFE SAR-ADC
1320um x 838um SO
Specifications Test Results Specifications Test Results
Gain 10mV/fC 10.5mV/fC Sampling rate 40 MSPS 50 MSPS
Dynamic Range 120fC >120fC Resolution 10 bit 10 bit
INL <1% 0.41% INL <0.65LBS <0.5LSB
Power consumption 2.50mW/ch 2.18mW/ch DNL <0.6 LSB <0.5LSB
ENC 500e @ 10pF 448e @ 10pF ENOB >9 bit 9.18 bit
Xtalk <1% <0.36% Power consumption <2.5 mW/ch 1 mW/ch




TR = REIATH - EARF A

« KN BEERAAFE T @Y BB RHAT, ZRPH B IF
— TPCAE M I, T IE & -F BN X, B 4%
— R FHE LA T TPCR KR & AL
— ZRASICE K 895 5arm (AT 35 +ADCR A, It
i2 B AL )
— A &SCILF5% (FHBEF: 2R L)
— WA -2 GkiaH)

e Y.L. Zhang; H.R. Qi; Z.W. Wen, Spatial resolution measurement of TripleGEM detector and diffraction
Imaging test at synchrotron radiation, JINST_024P_0217

e Y.L.Zhang; H.R. Qi; Gain measurement and simulation of GEM with a hybrid structure Acta Phys. Sin.
CPC, 2017.04,1609.0801

e Zhang Yu-Lian; Qi Hui-Rong; Hu Bi-Tao, Measurement and simulation of the hybrid structure gaseous
detector gain, Acta Physica Sinica, 66, 142901 (2017)

e Haiyun Wang, Qi Huirong, etc., Investigation of the signal and the pointing accuracy of UV laser in
Micro-pattern gaseous detector, Acta Phys. Sin.(fF & %)

e Haiyun Wang, Qi Huirong, etc., Design and study of the TPC detector module and prototype for CEPC,
International Journal of Modern Physics A (£5 & %)
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Members of the International Review Committee:
Ron Settles (MPI, Germany).

Roy Aleksan (Saclay, France)

Akira Sugiyama (SAGAU, Japan)

E P ve Jingbo (SMU, USA).
£5X%|F L Yulan (THU, China).

Li Xiaomei (CIAE, China)
4@ Igji Zhu Chengguang (SDU,China).
3EN

Signature of International Review Committee:

Item 4: Overall detector R&D performance in the past two years ?

0 EfREREMTREERL: MR

A . .\J N s 1 H PA
nswer.) A RMUEARR IS BRI ERKE,
The past two years of R&D have been impressive and the test results are very promising. MFEERFENTIEETEE

Prototype chamber and prototype electronics have been built and are under test. One should R o
118 3T\
study the use of the laser system to correct for distortions. It will be necessary to measure the 0 ERFSHIERN, #sMEN

point resolution with the GEM-MM concept, without and with magnetic field. For this, particle CEPC TPCEEKth&, #flFATIE
tracks are needed, from test beam if available, or from cosmic rays. EEEMIRNEEER, HRE R
Inthe first two years of study, the group has designed and verified the main principles of 0 WHFT—SrMsE, BYEE

the techniques used in the TPC of the CEPC. In summary, project is progressing well. A further Bl e i ey
study of the position resolution, radiation test of electronics, larger scale prototype should be MFELZ NTREF AL

approved in the future. The organization of the man power sounds reasonable for carrying out ARG HIRT E =M I UEf 5.
thewhole project for future studies. TRhEE PRI 255 5< Bk AR TR R 4 5 14
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Bt R B ArFed B AT

()R & I TSiPMisz i1 ¥, % 2 Ak 22 69 R A 9 4

(2) SL I W B B Ak B ol R LUK 1k B 5X 5 mm?,;

(3) A s A b Bk 2 AL 3R FEAR AL

(44T *FCEPCH) 45 5., A4l — &L T /A = 84l 4] A
M EMEA AR, £-200CTF, F#2F X T30mW/cm?;

(5) K %&2-3/ #% Lo

]

&

g

Endcap1

Endcap2

BT WR R AR
TR LI 2

LRI 28 T A B R 1o
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% &L # 7 5SiPM#8 4 7 X &t

> TA R I RGP R ] 9K A 5 A AL

SiPM output [p.e.]

No.1 No.1
20 20 [
18 Fou 18
L] C
o "ese ° . — 16 ”oo"".io. .Jv.....o“
e ) = e .
14 ® . eee®e® % & 14 . PPN Py
= 10 F
10 ] 3 C output average: 15.0
8 output average: 15.6 - 8 E fiemite: 15 0%
non-unifirmity: 32.9% o pon-uhitirmity: 13.0%
6 Y- ./ 5 6 o
4 il /\ 4 F ﬁl}*l%/_‘\
) E i AR CE RS
O TN N N e P T I 0 :uuu|I||||I||||I||||I||||I||||I||||I||||I||||

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Distance from SiPM [mm] Distance from SiPM [mm]

2 Z | > Z

10 um pitch SiPM Scintillator SiPM

Output: ~16 p.e. \ /
\ é $1.3mm | {2mm

Non-uniformity: ~ 30% =2 15% 45mm
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® UG : ~100fC~200pC [« L -
® JHIEH: 36 = s
® JUHf[E]: 2ms H 0=5.6
® Ui KM positive . AN
® Ij #t: 8mW/channel
SPIROC it O R
FEB DIF Test Platform
’ Calibration
z High-Gain=152.7. S
O wef
Dﬁl‘lﬁ
{ eoal Low-Gain—=-10.3.

0 10 20 30 40 50 60 70 80 90
Charge/pC

5T SPIROC2BHI2EC: 73 A H & 1 Bl i st HY FRL - 224 !
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# 3 LED AR A F & &M KT &

® IV LEDIE RS, NfSiIPMM:RE AT IR

2500 [ i

] S N N LA
g i ] -
w | | i o

i sl

® L FH AT &, PR T 4l

SiPM: $12571-010P

Detector

Scintillator: EJ-
200

BHECHRGI 5% 50 B AR TR e 41

2018/12/26

2000
PMT ADC

Illilll L
% oco 2000

H_Channel_9.Chargers

I Y
3000 4000 S000

PMT ADC

htemp

Counts
Ow
I

B

200 300 400 500 600 700 800

Entries 3719
Mean 256.3
RMS 56.47

900 1000

ADC Counts

19



o ull: FHEEMNXER

* CEPC ECAL % w55 7 AR B & HMIPE 5 5 & Ko 7.
* #bFCALICE-EBU ECAL (& L&, 12.5%) ﬁi% F 57!

200o0hm Test Results

1 E sl MIP peak identified
E : E _f —
B0"E Entries 12947 ~— 60 ‘ 18 ch (12.5%)
a3 E a C - . (o]
© r :MS :Z%i o -
| F - Shoulder found
10% = e ‘ '
o - 45 ch (31.25%)
i BATNSE R ;E
5 -  — - Tale only
10° o I
E MIP,{—“% % = % -0 — - 72 ch (50.00%)
- TIJ\ B}gﬁ':ﬁ _60? — ! - Dead or noisy channel
10 -80— ]
E T . | m
F UIHH 80 60 —40 20 0 20 40 60 80 - 9 ch (6.25%)
5 x (mm)
! E M 01 - Peak identified channels are only 12.5%.
200 00 500" ‘;{’8‘3; Counﬁ"” MIP peak identification with 10k pixel MPPC is not easy.
/Cosmic
. o > LOgiC Trigger
Sci+PMTL » Discriminator & -
. . , FEE
_ o | SC|+ iPM " :> &
k. PR ~ I - DAQ
e Sc/+PMT2 T
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Cutting
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Grooving

v

Polishing

v

Annealing

v

Cleaning

v

Packing
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Efﬁ"’i’, B AxFeg A6 45
AFRHF R TFZRBGHALA;
2. Zﬂ'—_%ﬁh}? Axlem? ST, £HEEZEE D Tommeg ZAARKN BH4EL D,

3. A\ AR R B 1m X 0.5m A f SUAL K] 35 2 oA AL ) AR 2B 49 BK3E 5 1)
5 AT TF20%, H AL FE AR IMHz/s, KN L EATT95%;

4. FIAVE @ AR A Im X Tm 8] P AR IR Z 2 AR, RN L FE4FTF95%;

5. B A&2-3% % Lo e R L ) e —
RPC-FAR BRI 25

Readout pads
PCB interconnect (1cm x 1cm)

Readout ASIC
(Hardroc2, 1.6m

Mylar layer (50u)

PCB (1.2mm)+ASICs(1.7 mm)

pport (polycarbongte)

Gas gap -

\ Cathode glass\kglmm)

Ceramic ball spacer (1.2mmY¥ resistive coati

i ~ ode gl 0.
Glass fiber frame (x1.2mm) BB ﬁ*fmﬁxéggﬁ ass, ng%m)

Mylar (175u)

Readout pads



FiRM=: BFEi B3HE-RPC

(0.12%,,1.14X,)
o RAWBRPCLZAH), AAKNMIR1.2mm, oI H

W E B JE A 3mm. e i B F 59k ) A
. . . Stainless steel wall(2.5mm)
PCBAR 2, KM £ & F EAHCmm; GRPC(6mm~ 0 A,,";O)

Stainless steel wall(2.5mm)

Stainless steel Absorber(15mm)

Anode  PCB(1.2mm)  peqdout  Supporting

Resistive plate pads structure
(glass)(0.7mm) (2.5mm)

@ coowiem, @ |

Mylar layer
Cathode (total 0.2mm) .
Resistive plate  Ceramic ball spacer TFE(93%),CO-(5%). ASIC HARDROC(64ch), three-threshold

(glass)(1.1mm) SF (2%) S ——
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The maximum

deformation is
about 44
microns

Gas can arrive at
almost all point in 5s
using LMA (Least
Mean Age)model
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> 201743 A L% X K iE X m ACALICE &4

%#ﬁZOlS#ﬁ.CERN SPS SDHCAL £ 7%
M X HIE, ABDT % L2 7 %3 Fpion,
muon#e ¥, -F 87 5 F LR, BB TF AT

#gpion, & & — k& CALICE Analysis Note
(CAN-059), f£CALICE A4k 8233k E 44
Aé 03
\V% 0-25: i SDHCAL : gg ta%ers
CH +§§E:y:::
0.2 ! S
Z L]
r ¥ ¢
0.5 ' *
x A
0.1 2 ; b
. r Multi-thr. mod

Ebeam[G GV]

= SDHCAL #F# & EF M, sF-FCEPC

SRR BRAKR, 402 BN BB g et ./JjL_

CERN SPS % 7L X 335
7% R @ 10 - 80 GeV

T I T T L=
ZCALICE SDHCﬁL P Ii i H
0. 14: renm nary i i Pion simulation
0.12:_ @ ;L‘_/_(Pi ;3 :l Pion Eeam
- =" |[__] Electron Beam
0.1__ __
0.08 —
0.06 —
0.04— -
0.02[ | =
D: T L T | I M BT R ]
-0.4 0.2 0 0.2 0.4 0.6 0.8 1
BDT response
W T T T | T T T | T T T | T T T I T T T I T T T I T T T
[CALICE SDHCAL Preliminary ~  ——— .
0.5¢ retminany i i Pion simulation
- [] Pion Beam
0.4_— [ | Muon Beam
0.3 ~TN .
N
PR -

0.1

0.8 1
BDT response
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GEM-SDHCAL e BEELT B Hdb TE T GEME B AEN
RERNGE L, TRTHEN ZEHS
g 34 HARKAGEM4I4E L ¥ o KA B AP TE4H4E T30cm X 30cm

Readout PCB Inner frame GEM%}E "‘ﬂ’] % },‘T?\ f&'{

AN \

N
GEM foils sCrew

HIRGEMIRFETK /1. EA LG I TEELRAE

E ool ?Oub 5.153a+u4-¢0_515ﬁ
=2 [
D o
&
o KW ERKAD T o
100cm X 50cmGEM Ji£ 7 T AL 4 RAH X AR :

2018/12/26 FHE IR I 38 S H AR T R 4 15 Lo ™ e 26
tension(N/m)
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ounts
5 8§ 8 3 8
T

TR EFe - FFEIRAH KX
> TR AR FMicroroci& B 89 &, F 5 iz 8 R 4 |
8938t Fa A o
MK R (AR 70%Ar+30%CO2 )
v 4k RMS/Mean~19.0%;
v P RN Rk ~95% (3 %~3500)
VFEFEMNK: BENFHFRFEH Z Npadheh
B89 F ) K b B F ) Bk 41.54% (5fc )
iﬁ] ﬁ] ,}i /ﬂ‘] ,ﬁ“ é‘—_lj: %7( ) cosmic ray efficiency test

uniform_30cmx30cm_GEM

1 2 3 4 5 6 7 8 9
Sector_num
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GEMIEM| & % ik ik b F 5
30cm X 30cm GEM 8 #2844
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» Development of a double-GEM detector using the self-stretching technique for
digital hadron calorimetry, W. You, Y. Zhou et.al., JINST 13 P01020, 2018
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ARY , 2017 (3) :237-241

» ETRIURAEN CEPC HUMAEREA B HOCMA RS, A0aE, ES B L
BHOME, TENEE, 0 W, EENL ZEAR, 2018,41(1).

« Particle Flow Oriented Electromagnetic Calorimeter Optimization for the Circular

Electron Positron Collider. H.Zhao, C.Fu, D.Yu, Z.Wang, T.Hu, M. Ruan. JINST, 13
P03010, 2018

 R&D of the CEPC scintillator-tungsten ECAL. MingYi Dong et.al.. JINST 13
C03024, 2018

« Studies of the detector cells in hadronic calorimeter based on plastic scintillators,
RDTM (2018) 2:22

> ER1LHEELE (R , 3EMEE (BFH, 258, THE)

2018/12/26 BRI 2% 50 B AR FHBIF 3k e 1 29



FTRAZ: BRFELRERSE

Please choose the appropriate grade (mark v ) for the following items based on
Imad Laktlneh (IAYOH, France) your best knowledge (5 means the highest score, 1 means the lowest score):
Fra.nk Simon (MPI, Germany) Item 1: Does the detector design appear reasonable aiming to goals of the MOST project?
Answer: @1/ @ @ @ @
TOh.fl.l TakCShlta (ShJIlShu, Japan) Item 2: Is the chosen technology option suitable for detector design within MOST project?
Answer: B @ J ©) @ @D
2 £k (SEA7)
|= ™) _— .
Item 3: Does the current progress and preliminary test performance look promising ?
i \[ ( ‘;j_,‘F ’ ':!Z,) Answer: @J @ ® &) @
Item 4: Overall detector R&D performance in the past two years ?
#H (LFAE) ST

T.Lakdrneh £ /7 &) m gyu““”’ﬁ w BT

Conclusions: o o
> = At 3 A ]va:"—i]‘ [ &9
The activities of the different groups involved in the preparation of the future CEPC AF Fa 22 ST,
calorimeters and the results obtained so far are of very good quality, in particular when . = A
JEoOC QAT P HRFHREAT A

considering the limited number of human and funding resources allocated to these o .
activities. The goals of the first part of the project seem to be globally well fulfilled. The AT 89 A 703 R o
committee encourages the funding agencies to provide more support to these important > 4 }%Dﬁ%@)\ﬁ 5’7‘

activities. > U A e E FR /a\’f/]? ,
oA A E R EAT &

already performed elsewhere helps to build up good experience locally, the committee

encourages the groups to take part to R&D activities within international collaborations Z AT B FARAe 2 5
like CALICE in order to profit from their expertise and available technologies and to A BT H{-CEPC%}:
achieve more genuine developments which address specific issues for CEPC, M) BAR £ KR

complement existing world-wide efforts and go beyond the current state of the art.
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1) &%k —%SCl# ., Anasynchronous data-driven readout prototype for CEPC vertex
detector, INT JMOD PHYS A DOI:10.1142/S0217751X17460125

2) A Monolithic Active Pixel Sensor prototype for the CEPC vertex detector, HSTD11&
SOIPIX2017, B Az, Bp¥ie NIMAZ &

3) Development of highly compact digital pixels for the vertex detector of the future e+e-
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4) Development of the Silicon Tracker for CEPC, ICHEP 2018, #E & R, a4 v k%
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