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Status on Silicon Tracker Ref-TDR

CEPC Silicon Tracker Ref-TDR Internal Review

Saturday Feb 15, 2025, 9:00 AM — 4:00 PM Asia/Shanghai
Q 122 (BER)
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IEZEX - 10:00 AV AC-LGAD chip design

* Key discussions and feedback: Speaker: Mei Zhso (s

We will carefully consider the feedback and
incorporate valuable suggestions into our Ref- ~ EEEEE-wa dcistwes
TDR revision. EEEEITE - 1050 AM  Electronics
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Other activities last week:

* Visit Zhengzhou University of Light Industry, Fanrui Yihui (carbon fiber plant),
Yutong (microchannel fabrication plant), and the Institute of Semiconductor,
Henan Academy of Sciences for potential future cooperation.

Ongoing work on Ref-TDR:
* Finalizing the optimization of ITK and OTK cooling loops and thermal analysis.

Zhengzhou University of Light Industry
(KR MM %2 ol K 27) and Li Yujie

A,

1/8 ITK endcap cooling loops 1/16 OTK endcap cooling loops

* Completing revision on the references and figure captions.
* (Cost estimation.



Outline of Silicon Tracker Ref-TRD

BTN

Chapter 5 Silicon Trackers
5.1 REqQUITEMENtS . . . . . .ot ittt e e e e e e e e e e e 1
5.1.1  Physics requirements . . . .. ...... ge Eﬁ'\ %1? }\: 7?[%]” 4 ;T—DZE/\ 1
5.1.2  Specific requirements on Silicon Tracker . . . . . . . .. . ... ... .. L ... 2
52 Overview of ITKand OTK . . . . . . .. ... ... ... ... 3
521 Technology options and boundary conditions . . . .. ... .................. 4
522 Optimization tool . . . . . . . . . ... 4
523 Layout optimization . . . . . . . . . .. .. ... 4
523.1 Geometrical envelope of the tracking system . . . . . .. ... ........... 4
5232 Layoutin Barrel Region . . .. ... .. ... ... ..., . ..., . ..... 5
5233 Layout in Endcap Region . . . jr:;%% ._’% AN :j.l_l,:: AVEIN j%tlzlu N ,TT'DZ‘E/E\: 7
524  Optimization SUMMATY . . . . . v v v vt it i i e e i e e e e 7
5.3 Innersilicon tracker ITK) ... .......... HE 2. = SIETHE - « v v o v v - 9
531 CMOSchipR&D . . ........... %Qﬁm NE FEE/E\ ......... 9
5.3.1.1 HV-CMOSpixel R&D . . . ... ... ... .. ... ... .. 9
5.3.1.1.1 Technology survery for silicon pixel detectors . . . . .. ........ 9
53.1.1.2 Development of HV-CMOS plxel sensor for CEPC . . ... ...... 10
53.1.13 COFFEEL . . . .. 7|<_._. 10
53.1.14  COFFEE2.. ... ? ........... R Hr% . Fj *}"
5312 CMOS stripR&D . . . . .. ... .. ... b fp g o fe e e el 16
53.12.1 Motivation . . .. ......: 75 —‘% ﬁ 'le‘fk: . EE)TK .. 16
53.1.22 Overall design of CMOS strip chip (CSC) . . . . .. ... ... .... 17
53123 Fast simulation with RASER . . . . . . .. ... .. .. .. . .. ... 20
532 ITKdesign. . . . . . ... ... 23
53.2.1 ITK barrel design . . . ... ........ S pop g epe e e 23
5322 ITK endcap design . . . ... ...... }BE% ﬁ%}\ . FEI/\ . &e
5323 Alternative design forthe ITK . . . . . ... ... ... .. ... .....
533 Readoutelectronics . . ................
5.3.4  Mechanical and cooling design . . . . . ... ... ... .. ... ...
534.1 Barrel local support . . . . . . ... ........
5.34.1.1 Materials . . .. ........
53.4.12 Structural characterisation . 7
534.13 Thermal characterisation
5.3.42  Endcap local support for HV-CMOS pixel detecl@ \ g
53421 Materials . . . . .. ...
53422 Structural characterisation
53423 Thermal characterisation . . . ..
5343 Endcap local support for CMOS stripdetector . . . . . . .. .. ..........
5.3.43.1 Materials . . . .. ... ... .. ... .. ...
53432 Structural characterisation . . . . .. ... ... ... L.
53433 Thermal characterisation . . . ... ...................
53.5 Prospectsandplan. ... ........ R }EE e /flle ........
53.5.1 Development of the CMOS pixel sensor . 3% '5 AN}
5352 Development of the CMOS strip sensor . . R
5353 Module and system level development . . EE ﬁ}\ D Fz £/H\: ..........

5.4

Outer silicon tracker (OTK) with TOF
AC-LGAD sensor and ASIC R&D

5.4.1
54.1.1

AC-LGAD Sensor R&D

54.1.1.1 AC-LGAD simulation . . . .. ... .................. 45
54.1.12 Testingsetup . . ... ..... {2 g e 46
54.1.1.3 Pixelated AC-LGAD prototypes 37~ 'ﬁﬁl J'_‘\]\ ;. ﬁ T 48
54.1.14 Strip AC-LGAD prototype and properties . . . . . ... ........ 50
54.12 AC-LGADASICR&D . . . . ... 55
54121 Generalrequirements . . . . . ... ... ... ... ... 55
54.122 ASICarchitecture . . . . . .. ... . 56
54123 Single-channel readout electronics . . . . . . ... .. ... ... ... 56
54124 Data process and digital blocks . . . . . ... E R e 59
r— S K
54125 Prototype . . ... ...... ;’% A’% ﬁ Dz }\ . . ;—‘ztﬁ/gz 60
54.126 Power distribution and grounding . . . . .. ... ..o 63
5.4.12.7 Radiationtolerance . . . . . . ... ... ...... ... . ... ... 63
54128 Monitoring . . . . ... e 64
54129 Development planand schedule . . . . ... ... ........... 64
542  OTKdesign . ... ... ... e 65
g
5421  OTK barrel design . . ... ....... R 5T N TR e
5422 OTKendcapdesign. . . .. ... ..... ... ... ... ... ......... 66
5.43 ReadoutelectromiCs . . . . . . . .. .. ...l 72
543.1 Front-endboard . . . . .. ... ... ...
5432 Concentrator Card and p éxqubutlon %: ...... 7“ 73
r—l .
543.3  Slow control and el . . . . . . . T ..... .‘. 7 j\ C }]I X ‘E/EZ
5434 Clock distripyt@h,N .. . . . ... 73
5.44  Mechanical an i \k}sign .................................. 74
5441 @ support ........................... 74
BE 2 = 5
NN e BEGITN P
e(\ 5.4. 4% Q ral characterisation . . . ... .................. 76
A e Thermal characterisation . . . . . . . .. .. ... ... ....o.... 77
(\ )‘Endcap SUPPOTE . o v v vt i i e e e e e e e e e e e e 78
54421 Materials . . .. ......., e g apa g e e . .. 80
= y
‘ a(\ 54422 Structural characterisation . . T/EE—% ﬁl\ ol j\ .. P:E£/H>; . 80
(\ 54423 Thermal characterisation . . . .. ... ................. 81
545 Prospectsandplan . . . . . . ... e 82
54.5.1 Development of AC-LGAD strip sensor for CEPC . . . . . .. ... ........ 82
5452 Development of AC-LGAD readout ASIC . . . . .. ................ 82
5453 Development 0}@5;‘11:)) arﬁéo%g syst ...........
5454 Summary . . I8 PARRDS i.ﬁ . fmf&& }‘_Ezi/ﬂ\: 83
Beam background estimation . . . . ... ...
5.5.1  Beambackground simulation . . . ... ... ..o 84
5.5.1.1 Pair production background . . . ... ... Lo L 84
55.1.2 Single beam background . . . .. ... Lo o 84
55.1.21 Beam Thermal Photon Scattering (BTH) . . ... ... ........ 84
55122 Beam Gas Coulomb Scattering (BGC) and Beam Gas Bremsstrahlung
Scattering(BGB) . . . . . .. ... 84
5.5.123 Touschek Scattering (TSC) . . . .. .. ... ... ... ........ 85
5.5.2  Hitrate estimation for beam background . . . . ... ... L L oL Lo 85
553 ITK tolerable hitrate . . . ... .... : BE . EE 7|: e H
554  OTKtolerable hitrate . . . . ...... 7.7~ ‘. J'_" j\ - ;—UZ 7D .\ ........ r%
5.6 Performance . . ... ... ... 88
5.6.1  The performance of the barrelregion . . . . . . ... ...................... 88
5.6.1.1 Momentum resolution . . . . ... .. e e 88
5.6.1.2 Roles of gaseous and silicon trackers . Y s e e 88
5.6.1.3 Particle identification performance 4} 5 ﬁ Nyal }\ : 7'-;‘ H IJ ~ - ’T_EE 90
5.6.2  The performance of the forward region (endcap) . . . . . .. ... .. .. ... ........ 90
5.6.2.1 Momentum resolution performance . . . .. ... ... ... ... ... ..., 90
5.6.2.2 Particle identification performance . . . . . ... ... L oL oL 92










CEPC Ref-TDR Silicon Tracker= 35 # %,

AT 7R —EB HYE N Silicon Trackerdi A1 %tk 45 (Ref-TDR) . Silicon
TrackerZ 1T A BN B 10070, fERef-TDRHH K —NET . &HiES T
VTR BAEAR HET5ER, AN A H 4 I BRvEE . H AT [a)'58 . 55 5 .

2 HifRef-TDRIE 78 56 Il A N A5 90%, bl T BY/DE8 70 WA IEFEINE Ab7e . [l
, 2 BB AT R hR, DB, BFEAR AR A R
FITE ARG JJBN B TS . BEAEM. A BRtmA& AR — & i
ARIKN-, FERE IR AR il BORARE/RE RS, AT A LRITT
TP STy

R ) RS T S R A B 1 e SR AR B D S AR o FRATT WG BT 22 1) A\ g
PRI TA] 22 35— SRR BVERIE L, T Bl — & S A M e X AR o I 2

Py
1750 7 \ &

OF)—
567
1500
Outer Silicon Tracker S
(OTK) 1250 A TPC '...'zdé'\{‘ge\a
TPC 1000 -
Inner Silicon Tracker E 250 ] o S
(ITK) = P st I
e’°
" Vertex Detector [ s00 P I (& ‘a\...l .........
7 —HHG S e e (\'\\ 0
ESVLIL A B o
T i Z[mm] | |
o VETERpA 1000 1500 2000 2500 3000




