Summary of the CEPC
Physics and Detector

Haijun Yang (Shanghai Jiao Tong University)
(for CEPC Physics and Detector Working Group)

CEPC-SPPC Study Group, Beihang
September 3, 2016




CEPC Physics & Detector Sessions

B Three para"el sessions: 16 talks Parallel Session I: Physics&detector

Convener: Prof. Shan Jin (IHEP)
Location: Conference Room 8

| TWO jOint SESSiOﬂS: 11:00°  Full silicon tracking studies for CEPC 20'
Speaker: Dr, Weiming Yao (LBML)
o Theory + Simulation Material: | slides | T
1120 Vertex Status 20'
o Detector + Accelerator Speaker: Prof. Qun OUYANG (IHEP)

11:40  TPC Status 20°
Speaker: Dr. Huirong Qi (Institute of High Energy Physics, CAS)

Parallel Session II: Physics&Detecor Parallel Session III: Physics&Detecor
Convener: Prof. Nu Xu (CCNU) Convener: Prof. Haijun Yang (SITU)
Location:  Conference Room 8 Location: Conference Room &

1400 p1D fta!tus 15;], . 16:20  physics simulations and SW tools 20’
Speaker: Dr. Zhiyong Zhang (USTC) Speaker: Prof. Patrizia AZZI (INFN/CERN)

14:15 '
ECAL Status 15 16:40  pixels and short strips 20"

Speaker: Dr. Yunlong Zhang (USTC
14:30 HF::AL Status 15" ¢ ol ) Speaker: Dr. Massimo Caccia (INFN)
: us
Speaker: Dr. Qian Liu (UCAS) 17:00 Muon systems with MPGD 20

) . . . . Speaker: Dr. Paclo Giacomelli (INFN Bologna)
14:45  High rate high granuarity GRPC SDHCAL 15

Speaker: Prof. ¥i Wang (Tsinghua University) 1720 Next u-strip triI::t?king sy'stelms 25' . o .

1500  questions+discussions for CEPC HCAL 5' Speaker: Prof. Livio Fano' (Universitd degli Studi di Perugia and INFN)

1505  Magnet Status 15' 17:40  An ultra-light drift chamber with particle identification capabilities 20’
Speaker: Dr. Ling Zhao (IHEP) Speaker: Prof. Franco Grancagnolo (Universita del Salento and INFN)

1520 understanding the performance of a highly granular Si Pad ECAL for CEPC 20°
Speaker: Prof. Stathes Paganis (National Taiwan University)

15:40  Research and Development on Signal Detection and Data Readout LSI 20'
Speaker: Prof. Lianming Li
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3 CEPC Physics Motivation
0 CEPC Conceptual Detector Design

2 MDI
o Vertex
o Tracker
o ECAL
o HCAL
2 Muon

0 Magnet
d Summary
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CEPC-SPPC

Phase 1: ete Higgs (Z) factory  two detectors, 1M ZH events in ~10yrs
Circular Electron Positron Collider (CEPC)
E_,=240GeV, luminosity ~2x1034 cms! can also rum at the Z-pole
Precision measurement of the Higgs boson (and the Z boson)

Phase 2: a discovery machine; pp collision with E.,= 50-100 TeV; ep, HI options
Super proton-proton Collider (SppC)
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Higgs @ CEPC

O Precise measurements of the Higgs properties as a Higgs Factory (similar

to ILC@250 GeV)

O Mass, CP, cross section, BR, width, couplings, etc. — percentage accuracy

=0 I CEPC Preliminary
[ I
200F otal
_150f
= [
= |
_ . 10of
Process Cross section Events in 5 ab™!
Higgs boson production, cross section in tb sol T
ete” - ZH 212 1.06 x 106 l WW-—s H
ete” = vH 6.72 3.36 x 104 Yoo as0 '_;{Iml = Ijéﬂl T
ete” > ete H 0.63 3.15 x 103 e*e’— fTH [GeV]
Total 219 1.10 x 10°
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Status of Higgs Analysis

M.Q. Ruan, G. Li, Y.Q. Fang et.al.

B Precision measurements at full simulation level.

Higgs

qq,
a9

T, up

WW, ZZ,
Zy, Yy

-

~0(50) independent analyses, mostly studied
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I WV qq

Full Simulation level

-

Z boson
decay
Final state

PreCDR (Jan 2015) | Now (Aug 2016)
o(ZH) 0.51% 0.50%
o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—cc) 2.1% | T 25y%
o(ZH)*Br(H—gg) 1.6% | 1.3%
o(ZH)*Br(H>WW) 1.5% 1.0%
o(ZH)*Br(HZ2) 4.3% 4.3%

O(ZH)*Br(H—yy)

o(ZH)*Br(H—pu) 17% 17%
Higgs Mass/MeV 59 5.0
o(ZH)*Br(H—inv) 95%. CL = 1.4e-3 1.4e-3
Br(H—ee/emu) - 1.7e-4/1.2e-4
Br(H—bbxx) <103 3.0e-4
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Detector Simulation & Optimization

CEPCv1, | TestGeo1
wo et TG2 | TG3 | mTo develop general
ECAL Cell SIZEII'I']]II 5 10 20 20 Iepton ID for
# Layers 30 30 30 20 . .
HCAL Cell Size/mm 10 10 20 20 calorimeter with
# Layers 48 48 48 20 ] .
Ratio of Channels | ECAL 1 1/4 1/16 1/24 high granularity
(X/ILD) HCAL 1 1 1/4 1/10
Event Recon. uuH 95.7%* | 98.0% | 965% | 952% (LICH) — Dan Yu et.al
Efficiency eeH 91.1%* | B89.6% B89.1% | 74.50%(777)
- CEFC Preliminary CEPC Preliminary hcal 40 layers
2000 __ T ppy IIJ:Sm’ lﬁlm— Z= 0] | LA mY b g T T T
i —4— U Simubation F #— CEPC Shmlathon IE 100
. i :gfnn ;; - ::“"I" %
E I — m::"w“ ﬁ [Ta— g
12000 1 1000 -
= L : |
‘E L % N — electron
£ L 2 95 — muon .
;ﬁmuu E ~ pion
1] : : n. ol . .'
20 DS 1w Bs 140 120 125 130 135 140 1 10 .
MY [GeV] MEE L [GeV] =
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Model Independent Meas. of Br(H->BSM)

(LO-ZH)QZ 2 (
S+B % : . o*BR

hadronic

_S+B{
- B

1+

2

( Ac(ZH)
o(ZH)
& = efficiency for events from H decay i to pass o(ZH),.qone

S = Number of signal events in o(ZH), . 0n. @nalysis
B = Number of background events in 6(ZH),.40nc @nalysis

\ hadronic

I

Penalty for non-uniform efficiency MC calculation

analysis

Further improvement in the Higgs coupling measurements can be obtained
using the constraint > BR, =1 as first noted by Michael Peskin.

This constraint is model independent so long as the error in
BR(H — BSM) is included in the fit. What errorin BR(H — BSM) is
required to produce an improvement in Higgs coupling measurements ?

I 1.C 250+350+500 GeV with 2000+200+4000 b (H-20 scenario full run = 20.2 yrs) =5

B cEPC 250 GeV with 5000 b
. ILC + CEPC under the conditions listed above

ABR(H — BSM)
ABR(H — Invis),

2016/09/03

Tim Barklow (SLAC)

—_— Cj - )2 + ch_z 1 Perform coupling fit with Z’:BR, =1 including ABR(H — BSM)

(the constraint ZBRr. =1 is model independent if ABR(H — BSM) is included in the fit)

CEPC Higgs Coupling Precision assuming 5 ab™

ABR(H — BSM) o 3 4 ) 1 01
ABR(H —> Invis),
zz 0.26% | 0.24% | 0.22% | 0.19% | 0.18% | 0.17%
ww 12% | 12% | 12% | 1.2% | 1.2% | 1.2%
bb 13% | 13% | 12% | 1.2% | 1.2% | 1.2%
T 14% | 14% | 14% | 1.4% | 1.3% | 1.3%
gg 1.5% | 15% | 1.5% | 1.5% | 1.5% | 1.5%
cc 1.7% | 1.7% | 1.7% | 1.6% | 1.6% | 1.6%
vy 47% | 4.7% | 47% | 4.7% | 4.7% | 4.7%
r, 28% | 2.7% | 2.5% | 2.4% | 23% | 2.3%

ABR(H —» Invis), corresponds to the 5 ab™ CEPC 95% CL limit of 0.28%
40% improvement in Ag, if ABR(H — BSM) ~ ABR(H — Invis)
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Physics Interest of Italy Group for FC

« FC » ltaly

Patrizia Azzi (INFN, Padova)

Example in PAPAS of ZH analyg

New INFN Budget Line for « Future Collider » grouping together people interested in
future machines to protfit of the synergies: ILC,CLIC,FCC,CepC,SppC,MuColl

Bari
M. Abbrescia, N. De Filippis,

Bologna

L. Bellagamba, D. Boscherini, S. Braibant, P.

Giacomelli, P. Alessandro
Ferrara
R. Camattari, G. Cibinetto, V. Guidi, A. Mazzolari

Lecce

C. Esposito, F. Grancagnolo, A. Maffezzoli, M.

Panareo, G.F. Tassielli, G. Zavarise

Laboratori Nazionali di Frascati
M. Antonelli, M.E. Biagini, G. O. Blanco, M. Boscolo,
F. Collamati, S. Dabagoy, S. Guiducci, M. Rotondo,
M. Testa

Milano
A. Andreazza, M. Caccia, C. Curatolo, S. Romualdo,
L. Serafini

Padova
P. Azzi, N. Bacchetta, A. Bertolin, P. Checchia, D.
Lucchesi, A. Lupato, M. Morandin, R. Rossin, L.
Sestini, M. Zanetti

P. Azzi - Cepc/SppS Workshop, Bejing, 2016

Perugia
@G. Mario Bilei, C. Cecchi, L. Fano’, F. Moscatelli,
D. Passeri, A. Rossi

Pisa
F. Bedeschi, V. Cavasinni, C. Roda, R. Tenchini,
G.E. Tonelli
Pavia
G. Introzzi, G. Polesello, P. Salvini

Roma1
F. Anulli, G. Campogiani, M. Marongiu, L.
Palumbo

Roma3
M. Biglietti, B. Di Micco,A. Farilla

Trieste
A. Bressan, M. Cobal, S. Dalla Torre, S. Dasgupta,
S. Levorato, A. Martin, F. Tessarotto

In this list are not included the theory
colleagues, nor the students /postdocs
without a permanent contract.

in heppy

Ntuples

3

« Strong collaboration across sevearl experiments ATLAS/CMS/LHCh/CLIC!

http://fccsw.web.cern.ch/fccsw/

http://qithub.com/HEP-FCC: open source code on GitHub




Higgs studies & invisible widt

+ The first studies on the Higgs concerning a

® /5 = 240 GeV

circular e+e- machine were documented in the o £L=35ab""yr
« First look at the physics case of TLEP » (arXiv: * 7.0-10° HZ events/yr

1308.6176). This typs of document ages quickly.

oz = 201.2 b (PVTHIAS)

Wassing Uiass inZ-+ [ ggod avonts (N,+1-4 Gov)

+ the CMS full Geant based dstsctor simulation

1000 o0 3 Sak (2300 BIY__=100,
was used §o=a
!f\‘ g e —
+ in 2015 a new study of the Higgs invisible width was . RS
performed using Delphes for the detector simulation. BRzsete- pru- = 3.3%
+ comparing also the CMS and ILD detector o
107 g 107 O i

-
[ —

(E=BOTV L= 186-10.7 15 (VB ZH) CMS @ FCC-ee

:gj FrITOLAINE e e I }$§: Vo210 Gev, [Lora san

10° c 10°F

10 .% 10t B(H-s inv) < 0.009 @ 95% CL
g wE M=125 GeV

DM-nucleon cross saction qff,, [pb]
g

. Cerri, A. Podo, L. Rolandi (SNS), M.
De Gruttola, M. Pierini (CERN)

HH->WWbb->Ivjjbb

DM Mass M, [GeV]

FEN
'"Il |

TLELL

o |
o o1 0.2 03 0.4
* BRIvjjbb ~ 7% of the total
* 4j channel also interesting to exploit,

but overwhelming QCD background hh
_ b AR
- Main background: %i b
with same final state ARew
« Main discriminant variables: n mp
M,, AR, AR, o
« Kinematics can be closed mw i
« Crucial to have good, E "** anc :.—;,_ W) b
Jet, p;and angular resolution v mw
« Challenging in high pile-up ARwwq a q pA
environments.

(100 TeV) / 6(14 TeV)~ x 40(32) for HH (tt)

P. Azzi - Cepc/SppS Workshop, Bejing, 2016 12

arXiv:1604.08122
1000

7m]
H

2s0f

3300 3378 S50 £ £

30% -20% ';llo%Fh-:_éelox“\ 20%
@ t-x G gg(%)

Expertise on top physics at lepton colli

1 2gw/gr(%)

| 120

5 o

At the |/s=of 350-365 GeV could measure top mass, top width, EWK
couplings and estimate of top Yukawa

Probing Composite
Higgs models at higher
scales

S. De Curtis (Romal),
S Moretti (UK)

30%

2 usi‘ng as from Tera-Z.
+ New analysis with FCC-ee framework and fast

simulation (PAPAS) in progress.

P. Azzi (INEN Padova), N. Foppiani, N. Foppiani, T. Pajero, G. Rolandi

G. Rolandi (INEN Pisa & SNS)

(INEN Pisa & SNS)

" .
9 (NP=New Physics reach) #: 2
T 80 Ef —— oot iicson, ic-1mov, cuicatev y Y ¢ 3Myg X (—2)
ig 6! e pp ¢ HLALHC, HE-LHC, SHE-LHC \\ Y
8 ~
5 40
[o]
% 20 1 A
g0 R 2k ~ X 40 at 100 TeV wrt to 14 TeV
L0 J_Wells etal, Vs [TeV] | oNLO [fb)
FCCee 4o arXiv:1305.6397 =
2
- 8 82
80 defs NP 14 339
33 207.3
HHH |
r 1T LI 1 100 1417.8
ILC500, HL-LHC  ILCaTeV, HE-LHC  CLIC3TeV, VHE-LHC

HL-LHC ILC500 ILC300-up  ILCI000 ILC1000-up  OLICI400 CLIC3000 HE-LHC _ VLHC
V3 (GeV) 14000 500 500 500/1000  500/1000 1400 3000 33,000 100,000
[ faz i 3000 500 1600 500/1000  1600/2500°% 1500 +2000 3000 3900
X 50% 83% 16% 21% 13% 21% 10% 20% [ 8%\

9%  14% % 2% 4% <4% 3% \1.]

P. Azzi - Cepc/SppS Workshop, Bejing, 2016
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Requirements for CEPC Detector Design

Critical Physics Benchmarks for Detectors design.
CEPC preCDR, http://cepc.ihep.ac.cn/preCDR/volume.html

Physics Process Measured Quantity Critical Detector Required Performance
ZH — (71— X Higgs mass, cross section Tracker A(1/pp) ~2x 1073
H— ptp~ BR(H — putp™) G1 x 1073 /(pr sinb)

H — bb, ¢, g9 BR(H — bb, c. gg) Vertex Orp ~ 5@ 10/ (psin®? 6) um
H—q3, VTV- BRH —qq. VTV™) ECAL, HCAL J‘?EEt/E ~3-4%

H — ~~ BR(H — ~7) ECAL op ~ 16%/VE & 1% (GeV)

* |LD-like, with modifications/considerations
- No push-and-pull =2 Less Yoke
- Shorter L*=1.5m - Challenges for MDI
- Power pulsing not possible = less power consumption
+ active cooling

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




CEPC Machine Detector Interface (MDI)

Hongbo Zhu et.al. @ IHEP

001

Final focusing magnets, QDO and
QD1, inside the CEPC detector

Shielding

LumiCal

:  Silicon Tracker

unit: cm 50 100 150 200 250 300 350 400

m Short focal length (L*=1.5m, cf. ¥3.5m at ILC), to allow realization
of high luminosity.

m Final focusing magnets inside the detector = constraint on the
detector design and QDO/QF1 + LumiCal designs

® Comprehensive understanding and optimization of both detector
and collider performance are needed in future studies

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




CEPC Vertex and Silicon Tracker

E 360 TPC c0s0=0.923
T 300F :
- -~ _cos0=0.969
250 , ,
- L
_~| FID
| cos#=0.991
Iy -
100— = | cos8=0.996
- VTX | ] L
so— A" T =
A
L =
_%-:I'_ I 1 1 1 I 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1
% 200 400 600 800 1000 1200
Z [mm]
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Ouyang Qun, M. Wang et.al.

Vertex detector:

* 3 cylindrical and concentric
double-layers of pixels

Performance requirements

with 3.5 T field

oy, =2x107 @1x107° /(p; sin )
10

p(GeV)sin®? iald

O,y =O2uUM®

Goal: to develop fine pitch,
Low power, fast pixel sensor
+ light structure

CEPC Physics & Detector -

H. Yang @ SJTU




CEPC Vertex and Silicon Tracker R&D

First CPS prototype design Second CPS prototype - pixel design

* (Goals: sensor optimization and in-pixel pre-amplifier study ‘ Y. Zhang, Y. Yang (THHEP) ‘
* Floorplan overview: T 27mm ‘
— Two independent matrices: Matrix-1 with 33 X 33 um? pixels (except one sector . PUI‘pOSG: small-size digita] piXEl R L '
; S X 2 i Aty ; % 2 i X - . . v pads !
SFA20 with 16 X 16 pum? pixels ), Matrix-2 with 16 X 16 pm? pixels dE‘Slgn verification ' 5
— Matrix-1 includes 3 blocks with in-pixel pre-amplifier : 0.85 mm i
. — H
— SFA20 in Matrix-1 contains pixel with AC-coupled pixels ‘ PI‘OpOSGd floor plan. ; E i
- 4 sub-matrices with different pixel i g i
. 7.88 mm R structures, each matrix with 32 o ol |
1 ! Analog outbus [+15) | [nclogoutbus[ig] columns by 64 rows pixels dmm| i 3 g -
2 { } ! } sl + Tower Jazz CIS 0.18 pm, - Pixel size: less than 22 X 22 pm? 11915 ol |
Ell o gl | ! g .. . . . . iz |
| (5| & 2B wawna E g November 2015 submission - Each pixel contains a sensing diode, a : ;
P atrix- o ach sector: o o . i | i
El 7 fath et T v el | pre-amplifier and a discriminator HE i
ol H bl 33 i x 33 — pek16um< —{[— * Two types of wafer: ! H E
Bl o el el | [1s|um || ] - 18 um HRES epi wafer ; = i
gl £8 i [& I !Q £l - 7000 Czochralski wafer i i
& | & ' :

Summary and outlook

| Y.Lu,Y. Yang (IHEP) |

CPV2 pry * R&D started along the baseline design specifications
- In-pixel CDS stage inserted M:w.: ums" ~m upism i *  Pixel sensors desi.gn.sub.mitted
- To improve RTC and FPN noise | = = — CPSdiode optimization
- To replace the charge injection [*** ! - — 501 sensors with small pixel size
threshold L —— « 21 CPS prototype design in progress
- Submitted June, 2016 1"’”“":: e — More in-pixel electronics
i iy — New readout architecture

uF
Vasutomi

Hearzp M4
Kamehama

* Testsystem in preparation and sensor characterization will start soon

* Overall sensor architecture in consideration

* Optimization study of vertex system needed

* Double-sided and light supporting structure, cooling,...

* Possible change of sensor design
— Beam related background level
— Impact of partial-double ring scheme, with time-stamp of microsecond
— Impact of Z° pole running

)

CPIXPTEG2 o e sy
Hashimoto | wwseo | woms | e
Tobeokame | wosni | Yosninara

« m > <« >

Pixel Layout: 16 x 16 um?

Beihang U, Sept.2™ 2016 Status report of vertex detector @ CEPC-SppC study group meeting PE

Beihang U, Sept.2d 2016 Status report of vertex detector @ CEPC-SppC study group meeting



Full Silicon Tracker Concept for CEPC
Weiming Yao (IHEP/LBNL)
for Silicon Tracking Study Group*

e Based on CEPC V1 silicon elements, we replace TPC CEPCSID geometry

with additional SIT layers and FTD endcaps. S
e Generated single muon in CEPC full silicon. 2
e Reconstructed using Marlin Silicon only.
e Modifying pattern recognition to use more silicon layers. £ ~

" http://cepc.ihep.ac.cn/ cepc/cepc_twiki/index.php/Pure_Silicon_Detector
OIU UI5 1IU 175 ZI.O 2|5 3‘0 3|5

=1§10"‘3'|"'|"'|"'|"'- C3X1G‘3'|"'\"'|"'|"' . =
§ 095 - Default Fixed Barrel E % - Default Fixed Endcap COI‘]C'USIOI‘]
2 08t  Silicon Fixed 3 2 29 « Silicon Fixed B
< o7E 3 € :
€ E g % E e The concept of full silicon tracker has been implemented
© 05t — © qs0 ] and seems working.

Ezi : a E e |ts single particle performance is comparable to CEPC V1,

0:2§_ﬂ _ M)E_t ] meeting the physics requirements.

Gj?f%ﬁ"f‘?‘?‘.‘.#ﬁ*.r .JﬂHH: 3 -.-*I*"‘th-?ﬁr.._h gl 4] e There are rooms for improvement, especially for

020 40 60 80 100 © 20 40 60 80 10C improving silicon clustering and fitting.

Pt Pt
e Allow us to start reoptimizing its design and improving
(a) Barrel (b) Endcap silicon tracking for CDR.

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




Pixels and Short Strips

Massimo Caccia

Universita dell' Insubria @Como & INFN
b c. possibility to design pixels with unusual aspect ratfio -+ SHORT STRIPS

p - sin3/20

Jip=a$

b 22mm 3mm

| Accelerator & [pml] b [um-GeV/c| | @ : Contgwre
LEP 25 70 512 — o e & g
SLC B 33 zmi LVOS output
LHC 12 70 ) 32 pixels in a strip - 25mm Records Hits select1M/Stip  Select 8 hits/per 128 strips
RHIC-II 13 19
ILC <5 < 10 Z. Liang et al., NIM A (2016) http://dx.doi.org/10.1016/j. nima.2016.05.007

Technology
Technology

P> solon High resistivity Substrate (LAPIS, formerly OKI bu TJ seems

to be on the track!)
* H. Lan et al. |EEE sensors journals 15 (2015) 2732 a Review!
* J. Marczewski, M. Caccia et al., I[EEE Trans. Nucl. Sci., 51 (2004)1025
* M. Jastrzab, M. Caccia et al, NIM A560 (2006) 31

P High Resistivity epitaxial layer, 4 wells (e.g. Tower Jazz 180 nm)

Some of the advantages of this technology:

*6 metal layers for dense interconnections 3 — e
equadruple well B _swm w5 - LSI Circuit _ ]
* 18 um thick epitaxial layer of 1-5 kQ cm resistivity * collection by drift 3 2 o 40nm —- et
) 200nm —=
i & 0 el ol ol sl n+(p+) ot ’ / %
9 3 good reasons for having high resistivity substrates: =) g_ _‘ / ==
) a. smaller charge spread & clustering size S 50°300um /
S e 9 S 8 11T ? i Si Sensor A
o o = . (High Resistivity
== (32l a p-Rsee Substrate) L \ n-(p-)
% R T 2 I ] 900 b 4 highest pixels. '2 E *
%] gm 3 3 e [ o iradiaton s ‘5 Backside Implant, /
Z i & 700 300 {1133 MRad = Laser Annealing, Charged Particle
u i i 600 250} £ P> main advantages: Al deposk (X-ray, Electron, Alpha, ...)
] 3™ 3 2 500 §3°°°' i o - o * a genuine monolithic approach
5 i 3 S o 3 o} = more flexible wrt CMOS maps (nmos & pmos naturally infegrated in the SOl layer)
5 40 3 300 bt eali M o » electronics “isolated™ from the bulk (fast switching, reduced single event upset) [the
£ 200 - 2 il A 3 mofivation for the industrial development of SOI - partially true here]
= " ) . f i3 i i ! & s = * the active layer is a very standard and comfortable high resistivity, fully depleted detector
Q 0 5 10 15 20 25 % 50 200 00 : : 3 3
[0) Number of pixels in a cluster arm(a::my:mn) ’ ohigc(a:nilmryt::;] O b main dlSOdVOnTOgeS. i SEAL
o B e A A TJ 0.18 um technology - 18 um epitaxial layer - 20 . ng'r easy to get SOl wafers on. a high resistivity substrate
O O 2 il um pixel pitch, iluminated by an 55fe source (5.9 » mind the effect of the depletion voltage (back-gate effect)

epitaxial layer - 20 um pixel pitch e e « custom process




Next Si-tracking systems Livio Fano

Universita degli Studi di Perugia e INFN

Physics requests and detector constraints

Cutting edge technology and ongoing R&D
Radiation Tolerance
pT Track and L1-Trigger

INFN - local expertise Iin
Detector development

and industrial liaison

Ongoing China/ltaly partnership in particle detectors

CMS Tracking System and INFN

~ Jan 1990 R&D projects

Apr 1992 CMS Letter of Intent

Dec 1994 Technical Proposal

Apr 1998  Tracker Technical Design Report

Oct 1999  Front End Readout ASIC in 0.25um CMOS
Dec 1999 Decision to construct all Silicon Tracker

Feb 2000 Tracker Technical Design Report Addendum

Apr 2006 Module production completed
Nov 2006 Tracker integration complete

CMS Tracking System and INFN

Dec 2007 Tracker inserted in CMS
Mar 2008 Tracker connections completed
Nov 2009 Tracker ON with LHC beam

INFN has a large and diversified experience in detector
construction: sensors, electronics, mechanics and operations. Its
participation to the HL-LHC is in both pixel and outer-tracker CMS
detectors, an optimal starting point to future colliders

Any collaboration for future preparation to CEPC-SppC will benefit
from present institutional collaborations (i.e. IHEP/INFN-Perugia is a
very fruitful experience) and from the high quality potential of the
ongoing industrial partnership

EPC Physics & Detector - H.Yang @ SJTU



CEPC TPC Tracker: Design Goals

Performance/Design Goals

Momentum resolution® at B=3.5T |4(1/p;) ~ 10~*/GeV /c TPC only

Solid angle coverage Up to cosf) >~ 0.98 (10 pad rows)

TPC material budget ~ (.05 Xp including the outer field cage in r
< 0.25 X for readout endcaps in z

Number of pads/timebuckets ~ 1-2x10° /1000 per endcap

Pad pitch/no.padrows ~ ] mm x4-10 mm/~200

Opoint 1D TQ < 100pm (avg for straight-radial tracks)

Opoint 1D T2 ~ (0.4 — 1.4 mm (for zero — full drift)

2-hit resolution in r¢ ~ 2 mm (for straight-radial tracks)

2-hit resolution in rz ~ 6 mm (for straight-radial tracks)

dE/dx resolution ~ 5 %

Performance > 97% efhiciency for TPC only (py > 1GeV /c)
> 99% all tracking (py > 1GeV/c)

Background robustness Full efficiency with 1% occupancy,

Background safety factor Chamber prepared for 10-20% occupancy

(at the linear collider start-up, for example)
Same as Main petformance/ Design goals of ILD-TPC

“The momentum resolution for the combined central tracker is 4(1/p,) ~ 2 x
1077 /GeV/c

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




CEPC-TPCR&D

Huirong Qi et.al.

. . 25+
Critical challenges of CEPC-TPC \ e
2.0 4 \_ —+— Beam halo
£ '~.‘- + yy— hadrons
. . 1 z e —v— i
= Occupancy: at inner diameter |:> TPC as one option for g s\ ° e‘::\{;aﬂ
CPEC-TPC YES or NO 3 " o
0 Occupancy should be very smaller S o L
3 191 W,
0 Overlapping tracks 8 e
PN
0.5 4 i, R L
o Background at IP S, el -
,,,,_""m“:::: “““““““ ettty
001 . : MASLLILTTES CH TSP geasey faiiefoseae
m Jon Back Flow TO reduce IONS 400 600 800 1000 1200 1400 1600

TPC Radius [mm]
o Continuous beam structure T'o reduce distortion

. . . . - TPC voxel occupancy simulated in TPC radius
0 Long working time with low discharge possibility

0 Necessary to fully suppress the space charge produced by ion back flow g 125_ 3
from the amplification gap E -

10—
= Calibration and alignment l::> ~100um positron o 3
o Laser calibration system resolution with calibration cf_ ]

o

v Dol
e BackgrouNé
e MM:Full €nergy peak
GEMMM:Escape peak
— GEM-MM:Full energy peak

— Gaustbaciground fit

Gain of GEM: ~5.2

Photo of the GEM+Micromegas Module with X-ray

Gan



TPC Performance Comparison

Huirong Qi @ IHEP

GEM+MMG 2GEMs + MMG Micromegas only
420LPI 450 LPI 450 LPI
(IHEP) ( Yale University ) ( Yale University )
(0.4 -1.5)%
— (1] | o)
lon Back Flow B (I =ban? Edrift= (0.1-0.4)

Edrift = 0.25 kV/icm  Edrift = 0.4 kV/cm

kV/em
<GA> 4000~5000 2000 2000
e-parameter(=IBF*GA) 4~5 6~8 8~30
E —resolution ~16% <12% <= 8%
?;-53 hcl:,li}xéurzsn ents) ol Neﬂ%g?ﬁ;rgiq’ é;_ig; :|4_| -: i(()34 H10)
Ne+CO2+CH4
Sparking ( 24'Am) <108 < 3.*107(Ne+CO2) ~ 107

(N.Smirnov report) (S. Procureur report)

Possible main
problem Thin frame More FEE channel #

Goals CEPC TPC ALICE upgrade #

2016/09/03
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L.aser calibration for TPC prototype

Supported by EXEE&ZERES
s Goals of laser for TPC detector

s The ionization in the gas volume along the laser path
occurs via two photon absorption by organic impurities

®  Drift velocity, gain uniformaity

[ T H
|

—1] P
OmmX200mm >

Nt

= To reduce the distortion effect *2;)
= EXB effect study EE
= Drift Velocity measurement
= Good resolution in space and tin

= No production of o-rays
= No multiple scattering

= Baseline design (DONE)
= Nd:YAG laser device
= A =266nmorE =hv=4.66eV
=  Energy: ~100 u] /pulse

= Duration of pulse: 5 ns

m Active area:200mm X 200mm

= Drift length: 500mm
s Outer diameter:~400mm The assembled module test with 266nm laser

o GENETE Tsinghua and IHEP Cooperation G



Drift Chamber with PID capability Nk

INFN — Lecce, ITALY

Tracker alternatives
Wire Cage
TRACKER
/\ Gas envelope
GASEOUS SOLID STATE
TPC DRIFT CH. ——
/\ F.E. electronics
"traditional" "innovative"

D rift C h a m be r " I n n Ovat i O n S" + 24 super-layers, each one made of 8 para-axial layers (192 tots

. Separating gas containment from wire
support functions

Using a larger number of thinner (and lighter
wires)
No feed-through wiring

N €
“}\E‘ a0t 250 pm) - 2.5 mm Rohacell30 -
must support 15 Tons - check for buckling

3“0“ z affalogy to Mu2e I-Tracker):

- 2x102 X, (incl. power distr., decoupling C's, term. resistors and signal and

+ Gas envelope made of 6 ply (quasi-isotropic, 6x38 pum = 228 pm) C-fiber plus 0.3 pm

. . Au, for a total of 0.060 g/cm? — 2.1x103 X;

Usi ng CI uster Counhng fo rp Gas: 90% He - 10% iC4H10 (& = 4x10* g/cm?, X, = 1410 m), - 12.5 p.i./cm, gas gain: 4x10°
atV = 1400V on 20 um wire, Vg ~ 2.5 cm/us - 4.7x10# X, /1m track

identification *  Wires: - 161,280 sense (20um Sn coated Ti); 648,480 field (40pm Sn coated C); 164,640
guard (50pm Sn coated Al) for a total equivalent thickness of 9.8x10*X,/1m track

resolution




Global R&D of Imaging Calorimeters

https://twiki.cern.ch/twiki/bin/view/CALICE/CalicePapers

CALI(@d |

Calorimeter for ILC

'

Readout cell size: 144-9cm2 > 45cm?2 = 1cm?2 = 0.25cm2 = 0.13cm?2 =  2.5x10° cm?
Silicon (MAPS)

Scintillator + Gas detectors Silicon Silicon

Scintillator +
SiPM/MPPC Silicon

Technology: SiPM/MPPC
- H.Yang @ SJTU

CEPC Physics & Detector

2016/09/03




CEPC ECAL: Silicon-W

o The ECAL consists of a cylindrical barrel system and two large end caps.
o One Barrel: 5 octagonal wheels
o Two Endcaps: 4 quarters each
o Two detector active sensors interleaved with tungsten absorber
o silicon pixel 5 x 5 mm? with 725 um in thickness
o PCB with VFE ASIC

Alveolar
structure

ea“e\

Fastening

Endcap1

Endcap2

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




Active Cooling System

> CEPC is designed to operate at continuous mode with beam crossing
rate: 2.8x10° Hz. Power pulsing will not work at CEPC.

> Compare to ILD, the power consumption of VFE readout electronics
at CEPC is about two orders of magnitude higher, hence it requires an
active cooling
- Evaporative CO, cooling in thin pipes embedded in Copper exchange plate.

- For CMS-HGCAL design: heat extraction of 33 mW/cm?, allows operation
with 6 x 6 mm? pixels with a safety margin of 2

PCB /VFE ASIC ‘mllng pipe
=» Transverse view of the slab with g; !
one absorber and two active layers. .

=» The silicon sensors are glued
to PCB with VFE chips, cooled by the
copper plates with CO, cooling pipes.

Copper cooling plate

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




High Granularity ECAL Calibration

Stathes Paganis @ NTU
Longitudinal Energy deposition

Energy lost vs. transversed thickness for e-

High Granularity ECAL Calibration

' i — 10°

- '.,. Y - N &Uz 509; Ensrgyev
| - £ 500l e
W C + 5GeV
0] - * BGeV
g 4001 - iscev
é L ¢ 30 GeV
- © 50GeV
~ « B0 GeV
300— + 100 GeV
C 4 120GeV
L o 150 GeV
- © 180 GeV
200— 200 GeV
- 250 GeV
- © 300 GeV
: 400 GeV

109j

00
g Relative energy resolution for e-

* Understand some basic questions: ¢ T S
. . . B —— 8, LRI O 5 ¢ 005 + 0.000
* Origin of a ¥1% constant term observed in an example of such ¢ Sronoar' E VE

calorimeter with increasing passive material thickness. o — - Em_ww;%mwﬁ%@umuum
* How to correct for upstream material losses (presampling).

. g 0198300010 00110
* How to correct for leaking EM energy. o1 oot st = g @ 0.001£000
0.c8 ) Ernon. e’ %"‘ w% @ 0.000 + 4.514
® Various methods give similar 08

resolution and good linearity. oos

n.02

—t——— e ———
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1

[
100 200 300 400 500
Energy (GeV)

=]
[=]
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CEPC ECAL: Scintillator-W

A super-layer (7mm) is made of: Y.L. Zhang, Z.G. Wang et.al.

o Plastic scintillator (2mm) + Tungsten plate as absorber (3mm thick)
o A readout/service layer (2mm thick)

2
I8
16
14
12f
lof

Resolution (%)
Resolution (%)

80 100 120
Electron Energy (GeV)

5""""V 45 mm

2 mml

> §
-
i l i1 i I i i ] i i i I i i i I i i i I i

0 20 40 60 80 100 120
Electron Energy (GeV)

= N B N oo
T TTT[TTT [T

MPPC
Scintillator + W + Scintillator

» The energy resolution of 25GeV electron is about 3.3% (cf. CALICE TB results)
» To achieve required energy resolution, the number of layers should be ~ 25.

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




Tests of SiPM at IHEP

The SiPM dynamic range is determined by the SiPM Linearity

number of pixels.
The manufactures have developed the SiPM with

Fired Pixel
A
=]
=]

10um pixel which extends the SiPM dynamic range. = ™ e /

But, the photon detection efficiency of 10um . /_,,-

SiPM is only 1/3 of 25um SiPM. T / e oS
oo A ® 10000 pixel SiPM

Scintillator strip irradiated with
collimated (1mm) from Sr-90

| | Scintillator

MPPC

2016/09/03

/@] Strip counter

: ) MPPC
1x1mm’

Trigger counter

0 10000 20000 30000 40000

50000
PMT

CEPC Physics & Detector - H.Yang @ SJTU




Tests of SiPM (IHEP, USTC)

Cal
C Entries 68739
3000 Mean 376.9
- RMS 3345
2500 H
.
| , SIPM pe spectrum
1500 -
1000 -
i
500[—
07\ TR AT I T BN B B LT f [T T
0 200 400 600 800 1000 1200 1400 1600 1800 2000
1000 calibration2
C Entries 130931
L Mean 1383
B RMS 471.6
800 —
600 —
400
200 b U U h U
ol s L. I B .. (W
500 1000 1500 2000 2500 3000

pulse height spectrum.

Excellent photon counting

2016/09/03

Voltage
~
-

T
lin
|o
|
- : "«,“
\
\
54 mV

Sns

| 1 | 1

Cross talk rate = Events (> 1.5p.e)/Events (>0.5p.e)

2%

g : — SiPM-25um pixie

8 | —— SPunew ype 25um pinde Type No.:

3 w?é. : $12571-025P

$ |
"t Type No.:
'°§ $13360-1325PE
of 2 25 3 385 4 asUsTYss -
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_chvu v
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Sci-Strip Optimization and LED Calib.

Number of p.e.

Z.G. Wang, Y.L. Zhang et.al.

~

= With normal design, the signal is

-

__Baseline design o

~— { - H

" not uniform with peak response

Wedge

for hits near SiPM. What’s more,

the dead gap between strips is

Tapered wedge

large due to SiPM installation.

3

MPPC 1x1mm"

2016/09/03

Need MC simulation and experimental tests
to optimize the strip structure design.

LED calibration system usTC

CEPC Physics & Detector - H.Yang @ SJTU



CEPC HCAL R&D

> The HCAL consists of a  Active sensor

. . » Glass RPC
» a cylindrical barrel system:  Thick GEM or GEM
12 modules

o Readout ( 1x1 cm?)
-~ two endcaps: 4 quarters . Digital ( 1 threshold)

» Absorber: Stainless steel - Semi-digital (3 thresholds)
CEPC DHCAL OPTIMIZATION SIMULATION - PRELIMINARY By Shi CHEN (UCAS)
> To tull fill the requirements of CEPC PFA, the DHCal is optimized o

. 2.2 GeV photon
by the following: -
gm.ﬁj B e s
P
[}

a l Py ’
> layers of DHCal, scanned from 20 layers to 48 layers. ':_, :t"- .,ﬂ! -:'- -
(e )
y ¢
’ a

® g

W a
g Rl P
> gize of each cell, scanned from 10 mm to 80 mm. e

> digitization (Q spectrum, spatial resolution, semi-Digi, etc..) v

Barrel Endcap L] ,
h f \ [ " 1?
» The HCAL consists o 4 *
~ acylindrical barrel system: oy | @ W [Re) \ " lase 'y d o ¢
12 modules e .- 5
- two endcaps: 4 quarters \ JAypical” jet: (ojet) )
» Absorber: Stainless steel ~ 60% charged particles tracking = (Oracks)
~ 30% photons EM calorimeter + (Oemcale)
— | ~ 10% neutral hadrons HAD calorimeter + (Ouapcan)?

~—1%neutrinos—— + (Olgss)* + (Tcontusion)’




RPC Construction & Performance Study

Readout pads

Mylar layer (50p) (1cm x/1cm)

PCB interconnect

Readout ASIC
(Hardroc2, 1.6mm)

PCB (1.2mm)}+ASICs(1.7 mm)
PCB\support (polycarbonate)

)

K77

. Q\ Gas gap O \

/ \ Cathode gIas:}.lmm)\
Myl 175 L ]
/y ar (1751) Ceramic ball spacer (1.2mm) + resistive coating

Anode glass (0.7mm)

Ran Han (BISEE)  Haijun Yang (SJTUJ" "esistive coating

Glass fiber frame (x1.2mm)

Large GRPC R&D

v Negligible dead zone
(tiny ceramic spacers)

v Large size: 1 x 1 m?

v" Cost effective

v’ Efficient gas distribution system

v' Homogenous resistive coating

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU



Yi Wang (THU)
Imad Laktineh (IPNL)
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Maxmum counting rate(kHz/cn?)

High-Rate GRPC

High-Rate GRPC may be
needed in the very forward
region

v’ Low resistive glass (101°Q.cm)

Low resistive glass

Dimension

Bulk resistivity

Standard thickness

Thickness uniformity

Surface roughness
Dielectric constant

DC measurement

33 x27.6cm?
~10%°Qcm
0.7, 1.1mm
20pm
<10nm
7.5-9.5

Ohmic behavior

stable up to 1C/cm?

Wang Yi, Tsinghua University  CEPC-SppC Study Group Meeting, Sept. 2-3 2016, Beihang Univ

Development of high rate big module

24

; B T e
developed by Tsinghua was used - 3 Pesananun
. B ol te——y
to build few chambers . s
v 4 chambers were tested at o
DESY as well as standard Yi Wang (THU)
i Wan
GRPC(float glass) s\
Imad Laktineh (IPNL)
10° g E
] s :
Yo \Electron beam (Rossendorf)
. * Beijing
10°o - * Beijing2
3 * 1 & Dresden
& Lib Coimbra
CBM requirement s / Proton beam (GS)) . f',_',gﬁ"m"
o U/ v ATLAS
104 = 4 Warsam
3 q 1 CMSforward
1 & cwvsbarrel
* 4 [] 4 O CERN+Bolog1a
o & 4 = CERN+Rio
3 4 ALICE-TOF
10 3 'n> 4 * AR
® warm glass ; f ::IR+CBM
i strea':ern'nde * i
102 hELELELLLL | LI | LA L | LRI LY | LR LL
10° 10° 10" 10" 10" 10"

Volume resistivity (Q2cm)

0.5 mm-wide

fishing line block

Wang Yi, Tsinghua University  CEPC-SppC Study Group Meeting, Sept. 2-3 2016, Beihang Univ




WELL-THGEM BEAM TEST

>

>

>

>

>

Event_ID=152, T=21.68s

From Qian LIU/Hongbang LIU
(UCAS /7 GXU)

From Boxiang YU (IHEP)

7 THGEMs ware installed, and 5 of them were
used, and flushed with Ar/iso-butane = 97:3.

1 threshold, binary readout > Doublelayer of THGEM
> Gas: Ar/isobutane (97:3)

900 MeV proton beam was us:  [fREsi

5cm x 5cm sensitive region

ASIC: Gastone (From INFN)

47§]ﬂ




GEM R&D From Jianbei LIU (USTC)

APV25 GEM readout INFN APV25 chip

GEM assembly using a novel self-stretching technique

@ Seciorl
10"_.].4 ® Sector? - - . o e e e
W Sector3 ; S
M Sectord S IR TRSTIT Tk ¢ 5, SRR
: k4

| ¥ Soctord

L[4 emiCeerm o

ki bl e
=

10’ :."Tf'.".’fff‘?'ﬂ" e T e e T

* Large-area GEM (0.5x1m?2) is one of main Efmmeaman

e o D i W B Yh o i
3700 3800 3900 4000 4700 4200 4300 4400

detector R&D focuses at USTC recently. VIRAR)

=» Resolution uniformity ~11%
=» Gain uniformity ~16%
=» Can reach gain of 10% at 4000V




CONCLUSION DAQ SYSTEM: GASTONE s

L Levt
5 Readout
Ck (RO) > Signals

Data

-oz Data out

..( Slow
P Control

.—‘: ok (SC)

’c Reset

GASTONE (Gem Amplifier Shaper Tracking ON Events)

» Detector simulation:

> Granularity of calorimeters optimization

roOxX-4ZO00O

» Number of layers of calorimeters optimization

» Digitization (RPC/GEM/THGEM)

N channels 64
. . Chip dimensions 45 x 4.5 mm?
» Detector R&D Input impedance 1200
Charge sensitivity 16 mV/fC (C4ec=100 pF)
—~ . Peaking time 90 ns (Cger=100 pF)

» RPC (Glass RPC, Polyamide RPC) Crosstalk <3%

ENC 800 e +40 e [pF
—~ —~ - . Power consumption  ~6 mW/ch
» GEM (double GEM structure, self-stretching) Readout Serial LVDS (100 Mbps)

» THGEM (Well-THGEM, double THGEM structure)

Sealable Readout Unit

llamge-size system)

Multithresholds | channels | Dynamic range | — . — -
Hardroc2 64 10fC~10pC e - . ‘ =
Hardroc3 64 10fC~50pC x

DIF Microroc 64 1fC~500fC e . SRU - — D]

MICROROC is dedicated chip for GEM/MICROMEGAS. MICROROC (pin
pin compatible with HR2b) is based on HR2b same back-end. same readout
format, same pinout. only the preamplifier is changing.

..

DIF . .
- iﬂm_, XD 368520 channels :

.. - _I N ]

DTCC interface

L

Data > Data from DIF

e s e DA
Detector InterFace Active Sensor Unit (ASU) e dispriodi i = Gec (s Q
(DIF) Test boards

[
| ECAL

)

commercial H
Network ———)
i

Switch

.. DIF :
:
| "
=] = |
DAQ LAN(small/ medium size system)

&), 2]




Muon System with MPGD

Paolo Giacomelli (INFN, Bologna)

Muon systems for CEPC-SppC will be very large:

Considering a large solenoid (similar order of magnitudes
in other cases as well)

/‘)
MY Detectors for CEPC and SppC

i Fisica Hucleare

Susiers & Besegna

+ Detectors for CEPC could be built right now. They can be thought

as developments of the LEP detectors, like the ILD and SID v 0(10000) m? in the barrel
‘;ette"tt"rs f?r“:sc . i T v ~ 3000 m? in the endcap
- Detectors for SppC are much more challenging and will require .
extensive R&D before being realised. v ~ 300 m?in the very forward
+ R&D for HL-LHC is a good starting point, but technologies will g s
have to be pushed even further for SppC (and FCC-hh) v High rate capability MPGD
+ In both cases muon detectors will be extremely large and will v Excellent radiation 120 T P
cover ~10000 m? in the barrel and 3-5000 m? in the forward N , » i
region hardness § 100 --—+---*—---+-4:~:—+7--~:«§~---+--5}+-
= Micro Pattern Gas Detectors (MPGD) could be used now to build v Large active areas / . | | e— : '
a muon system for CEPC, and, with a significant R&D, should be . . . i b o = O e ey ‘
able to cope with the harsher conditions of SppC. industrial production ' :;”Q};ﬁ,v ‘
|V Good timing - {
> Many technologies : ' e | Comet
resolution W e e W
mm?)
>GEMs v lon backflow/photon
; 300
> THGEMSs feedback reduction s I ﬁ
> MicroMegas -
g2.2 ana 20 150 =
> uRwell Biv 2100 -
16 14 50 -
:: 112 0 T o Y N b
% {10 150 200 250 300 350
0sf 12
:‘: —e—IBF. U, =235V i
3 ——IBF.U_,, 255 V
02 ——I8F. U 288 |2
2016/09/03 00220 240 260 280 300 320"
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Consideration of RICH Det. for CEPC

Motivation

/. pole measurement is one of the goals of CEPC !
The CEPC is expected to collect 1012 Zs (in CEPC’s pre-CDR).

Benefits from high-stat z pole data:

Precision test of SM & new physics searches

Fragmentation functions & QCD

Heavy flavor physics, spectroscopy & new hadrons
eet->Z0->[+
g et->20->q ¢t

1-lepton physics

others

Hadron identification 1s crucial!

And a dynamic range of GeV to 40 GeV for «,7 1s required.

Goals

Active area:

Granularity

Angle resolution
Channels

Sensitive detector

Charge

Event rate:

measurements

2016-9-2

Design considerations for the RICH
detector

A

Structure:

Gas radiator

quf.mn detector 1

:IE connector

o

ASIC —xy

Readout board =

phaton detector 2

-~ Liguid radiator for aerogel) 510 mm,

*  @Gas radiator (C;4F10 or CSFI 2): several:;‘GeV to 40 GeV
Liqud Radiator (C6F14) or Silica aerogel : sub-GeV to 10 GeV

2016-9-2

CEPC-5ppC Study Group workshop

Zhiyong Zhang, Jianbe1 Liu

Comparison of RICHs using C4F 10 gas radiator.

- Forward RICH of DELPHI | RICH-10f LHCb | CEPC RICH

2.5 to 25 GeV/c

Two end caps

10 to 65 GeV/c 20-40GeV K,Tt

Two end caps 15cm *15 cm

Depend on the time 2.5%2,5 mm2 If 2.5%2.5mm2

resolution (~8ns) and

(~5cm/us) etc.

2.8 mrad 1.6mrad 2 mrad

26880 ~200k 3600

MWPC (fast electrons Silicon detector Hybrid (THGEM+Mmegas,

signal rise time ~ns) (rise time ~ 5ns) rise time: ~100ns)

3fC(or 30) (single 5000e- = 8fC 2*10% e- =30fC to

photoelectron) to 1000fC ~900fC (ionization)

(ionization)

<25 KHz ? 40MHz ?

Digital time Charge Digital(Analog )
CEPC-SppC Study Group workshop 9

A 200X 200 mm? prototype

under testing

Micromegas R&D at USTC[

Gain vs the particle rate (8
keV Cu x-rays)

o

o
A
Il

Gain(*10000)
o
@
1

(=]
-~
A
1

= Mm_Ge ~ 1000 Mohm/square

064 *  Mm_Ge ~1 Mchmisquare i

10° 10° 10°
Rate (Hz/mm*2)

Gas gain versus mesh



CEPC Magnet Design

End-caps Barrel yoke

Based on CEPC detector, a 3.5T
central field of superconducting
solenoid (similar to CMS design)
is required in a warm aperture
diameter of 6m and length of
8.05m.

Solenoid

S-module coil {4 layers) Cryostat vacuum tank 200

1750

1500

™

[

6360 6020 4200 4100 3500 2250 o(IP) 3590

550

Schematic view of the CEPC detector magnet cross section (Half of the magnet section)

Cryostat inner radius(mm) m Barrel yoke outer radius(mm) m
Cryostat outer radius(mm) 4250 Yoke overall length(mm) 13966

| Cryostatlength(mm)  [REEE:NEV Barrel weight(t) 5775
Cold mass weight(t) 165 End cap weight(t) 6425
Barrel yoke inner radius(mm) 4400 Total yoke weight(t) 12200
The solenoid central field(T) 3.5 |Nominal current(KA) 18.575 |
Maximum field on conductor(T) 3.85 Total ampere-turns of solenoid(MAt) 23,925
Coil inner radius(mm) 3600 Inductance(H) 104
2016/09/03 Coil outer radius(mm) 3900 Stored energy(GlJ) 1.8
Coil length{mm) 7600 Stored energy per unit of cold mass(KJ/kg) 10.91




Progress of field design

Magnetic field distribution: The 50 G line is at 148 m radial
. distance and 17.2 m axial distance with
central filed 3.5T, the Peak- a total thickness of iron of 2.44 m both

peak field percent deviation of in the barrel and the two end-caps with
TV is 10.1%

the 3.5 T central field.

005 007 .00 011 013
.006 .008 .01 012 014

50 Gauss line

120803 920737 1.84135 2.76197 : 3.68259
.460428 1.38105 2.30166 3.22228 4.1429

caculated by SMEC of IHEP




Progress of the Rutherford cable

ARl W VA
,5514.‘]|x\‘~ &GO

o ﬂp}##nwﬂﬂmf¢

7

No. of strands: 20 Noofstrands: 17  Noofstrands: 24  Number of strands : 18 Number of strands :
Strand R.: 1.0mm  Strand R: 0.727mm Strand R : 0.727mm Strand diameter : 1.2mm 82
Materiel: Copper Materiel :Nb/Ti Materiel :Nb/Ti Materiel :Nb/Ti Strand diameter :

; : lete:2015.7 Complete:2015.8 Complete time:2016.2 1.2mm
Complete:2015.5 Complete:2015 p N

Number of strands : 32 Tangle: 17.32

Cable research has Strand diameter : 1.2mm Length: ) 100m

made great progress! Materiel :COPPER+AI RRR: ) 100
Length: 1m Complete




Ling Zhao

Development of testing device

RRR value test

Testing device based on small
refrigerator for Ic and RRR
value have put into use.

Ic test by induction method

Testing device is based on a small
refrigerator.

Meifen Wang

Cable test results
Progress of cooling system

. Z % # 7 B ZR I RRR
5413 : phase separator
200
180
EI'EO - .
i * The coils are cooled by
'E% - conductive method.
| . Liquid/Gas helium li
»] * Athermal siphon s biacenialok
==lozlz 2| Zlzlezlzl |=222zlz =zlz2s principle experiment
TEEEe g £ LEE FELL€E TEgEs platform was built based T e
1hi s IR ks e FiRiRkE on liquid nitrogen.The | ‘
R TI next plan is based on [ i
Test by WTS e
liquid helium. k

1. RRR value declined by about 1/3 after the
stranding process

——
. -

2.Less affected by larger twist pitch of strands.



Summary and Future Plans

m|n the past 2-3 years, tremendous efforts have been
made to prepare the CEPC preliminary Conceptual
Design Report for Physics and Detector.

Future plans include

- With MOST funding support (RMB 36M) and NSFC
support, we are speeding up R&D of critical detector
technologies and optimization.

- MDI: work with accelerator group to optimize design
- Feasibility studies of detector prototypes.

- International collaboration are needed

- Aiming for CEPC CDR and TDR in next 5 years.
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VCEPC Circular Electron Positron Collider

Many thanks to all members of
CEPC Physics and Detector working group

B Physics and Detector Group Co-conveners
Yuanning Gao (THU), Shan Jin (IHEP), Nu Xu (CCNU)

m Sub-groups and co-conveners

o Physics simulation and analysis:
Gang Li, Manqi Ruan, Yaquan Fang (IHEP)

o MDI: Hongbo Zhu (IHEP), Yiwei Wang (IHEP)
o Vertex: Qun Ouyang (IHEP), Meng Wang (SDU)
o TPC tracker: Yulan Li (THU), Huirong Qi (IHEP)

o ECAL and HCAL :
Tao Hu (IHEP), Jianbei Liu (USTC), Haijun Yang (SJTU)

o Muon: Boxiang Yu (IHEP), Liang Li (SJTU)
o Magnet: Ling Zhao (IHEP)
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Backup Slides
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Simulation & Reconstruction Software

) \/ ?I/ /////
Geant 4 Full Detector Simulation: \ g"ff@/
- : be edited freely (Y. Xu, NKU & X. Chen SITU) l 4

been generated 0

- Flavor Tagging: LFCIPlus (G. Li, etc, IHEP)......-c cvcunurn -2




MC Samples & Computing Resources

Using WHIZARD to generate Higgs ~ © C°MPuting: =780 CPU cores

signal and SM background samples < Storage: 2 —3 PB storage
(Gang Li, Xin Mo) « Distributed computing needed

e | | . T. Yan @ IHEP
e - Mo P, =
F 5 5 z
(RN @
| i
=T
z =
Z @ BhaBha Resources Status
E 2
z = +o—
e'e — aq # | Site Name CPU Cores  0S Status Shared by VO
5% 107 E+E_ — }'_!.}'_,t., TT 1 | CLOUD.IHEP-OPENSTACK.cn 144 SL6.S Active bes,cepc,juno
DX
E+E_ — H_,FH:; 2 | CLOUD.IHEP-OPENNEBULA.cn 120 SLe.S Active bes,cepc,juno
+ — 3 | CLUSTER.WHU.cn 100 SLe.d Active cepc,bes,juno
e e — EZ 4 | CLUSTER.SITU.cn 100 SL6.5 Active cepc,bes
. 1 . : . ete” = ZZorWW 5 | CLUSTER.GXU.cn 50 Cent0S 5.10  Active cepc
102 :__-‘.:m_:_;r _________ R e 5 % 105 . )
E Sln glﬂ Z 6 | CLUSTER.BUAA.cn 50 SL5.8 Testing hes,cepc
. 7 | CLUSTER.PKU.cn 64 SL5.10 Testing bes,cepc
Single W
R g 8 | CLUSTER.SDU-MLL.cn 150 sL6.6 Testing bes,cepc
Sll’lglﬁ ZorW 9 | CLUSTER.SDU-HXT.cn 100 Preparing | bes,cepc
| RS RN i R o s 5 x 10° 10 | CLOUD.WHU.cn 120 SL6.6 Preparing | cepc,bes,juno
_ _ L 1“'“5"" 11 | CLOUD.IHEP-PUBLIC.cn 10+ SL66 Preparing | cepc,bes,juno
- L -4/ 1 ; L Total (Active + Testing) 778
50 100 150 2000 250 300 350 400

V= [GeV]
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Team Building & Trainings

P —

?

‘ -' . “.-”l
o -

-,.J;i‘
y "'

Training Go't

August 2014

M 11 Aug - 15 aug Detector Simulation and Geometry editing CO ntInUOUS effO I'tS +
October 2013 dedicated training

@ 19 oct-200ct CEPC Training: Physics Analysis, Detector Optimization and Software tools

International Summer school on TeV Experimental Physics We have a group Of
(ISTEP) faculty + students...

20-29 August 2014
IHEP

AslafShanghal timezone

MNuarsiaw
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PFA and Imaging Calorimeter

Particle Flow Algorithms and Imaging Calorimeter

The idea...

Charged particles Tracker
measured with the

Neutral particles Calorimeter

Particles in jets Fraction of energy Measured with Resolution [07]
Charged 65 % Tracker Negligible
Photons 25 % ECAL with 15%/NE 0.072 Ej 18%/NE
Neutral Hadrons 10 % ECAL + HCAL with 50%/\VE | 0.162 Ejet
Confusion | Required for 30%/\E > =0.242E,
L—

Requirements for detector system

— Need excellent tracker and high B — field
— Large R, of calorimeter

— Calorimeter inside coll

— Calorimeter as dense as possible (short X,
— Calorimeter with extremely fine segmentation

} thin active medium
A)
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CEPC MDI: Luminosity Measurement

B Luminosity measurement with the dedicated device, LumiCal,
with a target uncertainty of 10-3, as required by precision
measurements of the Higgs and Z physics.

o Electromagnetic calorimeter with silicon-tungsten
sandwich structure, to measure radiative Bhabha events

o AL/L~ 2A8/6,., = necessary to achieve precise polar angle
measurement better than A6 < 0.015 mrad

B Online beam luminosity monitor allowing fast beam tuning

o radiation hard sensor technologies (e.g. CVD diamond), to
measure radiative Bhabha events at zero photon scattering
angle < similar design as for the SuperKEKB design

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU



Scintillator Strip Shape Optimization

SiPM sensor area 1 X1 mm?2 = 0.25X4 mm?Z;

=» to increase photon acceptance
=>» It is easy to make this shape of MPPC with current technology

o
(=]

number of photon

number of photon
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Calibration for Scintillator and SiPM

The ScW ECAL consists of ~8 million channels of scintillator strip units. The stability of
the light output has to be monitored. A light distribution system is under study to
monitor possible gain drifts of the SiPMs by monitoring photoelectron peaks.

Scintillator
LED
Side view Chip
LED FPC board Trigger
—
ﬁ & power

Scintillator strips z’:i':e' ll

Y Y - - - . 'w Chip
0.8 mm ¢ notched fiber =ILED

LED - Fiber calibration system:
- A pulse generator, a chip LED connect to notched fibers
- Notched Fiber distribute lights to ~ 80 scintillator strips

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




WELL-THGEM Test Beam at IHEP

-—===="""Slow Positron Line T

Eastern Wall

EZ2 Line

DI
E3Line

Experiment Hall No. 10

LT - | POWER SUPPLY ] exir
3 E
b TRy = | m—
AM3, Bl, B2, B3 Bending Magnets, |
BHI, BH2, BVI1, BVl DipuhCarrn:lnr
QL. Q2. Q3. Q4v Q5. Q6y Q7. Q8. LQI. LQ2 Quadrupole IHEP BEPC-LINAC 0 Zn

SPT: SLOW POSITRON TARGET; TBT: TEST BEAM TARGET; S1, 82,
Scintillator, M1. M2 Multi-wire Proportional Chanber THE CON F|GURAT|0N OF TEST BEAM

CC : Cherenkov

%) F %) m
= C Entries 3725 - [ N ey
S 70 2indf 18897137 S 70 Ko /ndl - 147.3/123
> E Constant 2804 £ 7.5 > - Constant  260.3+ 6.0
VT = MPV 3575429 ] C 5OOM v MPV 508.2 + 3.4
600 Sigma 6965 £ 1.84 60— e 8601+ 1.99

50 50

40 40—

30 30—

20 20—

10 10

4 |

! C
P T T T T T YT O I N HNA N A RO EANN |

v ey b b b by Ly A i I ' L
800 300 400 500 600 700 800 900 900 300 400 500 600 700 800 900
Channel Number Channel Number

Well-THGEM, Ar/3%iCaH10;
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Large-area GEM @ USTC

GEM assembly using a novel self-stretching technique  Apyv25 GEM readout INFN APV25 chip

=

g

* Large-area GEM (0.5x1m?) is one of main -
detector R&D focuses at USTC recently. e ——_— _
* Technology has been developed and o oo ety
matured to produce high-quality GEM 3 Resolution uniformity ~11%
detectors as large as ~1m? that are also =>» Gain uniformity ~16%
applicable to CEPC DHCAL. =» Can reach gain of 10* at 4000V
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CEPC Vertex and Silicon Tracker

Ouyang Qun @ IHEP.

B=3.5T Performance requirements
» momentum resolution Oy, =2x107° ®1x107 /(p; sin 0)
: : 10
> impact parameter resolution & =5m®
ro = OHM p(GeV)sin¥? 9 A

Vertex detector specifications:
* spatial resolution near the IP: <3 um

* material budget: <0.15%X /layer T wf 0 cossm0923
* pixel occupancy: <1 % g 7 oo
* Total ionising dose: < 100 krad/ year 0.

Non-ionising fluences : <3x10*'n,/(cm?yr)
* first layer located at a radius: ~1.6 cm

~ cosh=0.991

mui—vm v - Jf - Leosa=no96
Silicon tracker specifications: e
* Ogp : < 7 um - small pitch (50 pm) T e e Zf'r';m]

* material budget: < 0.65%X ,/layer

2016/09/03
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Forward region with L* =1.5m

— CEPC baseline
— ILD layout

—— CEPC with 7 FTD's ||

o(dy) um]

5 ‘II[] ‘IIE

Folar angle & [deg]
The performance loss can be recovered
with extended coverage of the pixel
detector layers, either by prolonging

first two VTX barrel layers or extending
the first FTD disk down to r=22mm

2016/09/03

20

Impact parameter resolution studied with LDT - fast simulation using

Kalman filter

Performance loss in the low polar

angle region (< 10°) with reduced
number of FTD disks

10

— CEPC baseline
— prolong VTX1/2 to |Z]=100 mm ]
—— reduce inner radius of FTD1to R_=22 mm |

107k

o(d,) [um]

10 15

20
Paolar angle & [deg]
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CEPC Vertex and Silicon Tracker

Many technologies from ILC/CLIC R&D could be referred.
BUT, unlike the ILD, the CEPC detector will operate in continuous mode.

Pixel sensor: power consumption < 50mW/cm? with air cooling, readout < 20us

m HR-CMOS sensor with a novel readout structure —ALPIDE for ALICE ITS Upgrade
o In-pixel discriminator and digital memory based on a current comparator
o In-column address encoder
o <50mW/cm? expected
o Capable of readout every ~4us

B SOl sensor with similar readout structure
o Fully depleted HR substrate, potential of 15um pixel size design
o Full CMOS circuit

M DEPFET: possible application for inner most vertex layer
o small material budget, low power consumption in sensitive area

Silicon microstrip sensor: p*-on-n technology
pixelated strip sensors based on CMOS technologies

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




CEPC Vertex and Si Tracker: Critical R&D plan

m Pixel sensors with low power consumption and high readout speed

o In-pixel discriminator } Similar to ALPIDE sensor for ALICE ITS Upgrade
o In-matrix sparsification

Starting design with HR-CMOS process

Exploring possibility with SOI process, especially for smaller
pixel size

m Light weight mechanical design and cooling
o 0.05%(0.1%) material budget without(with) cabling
o Air cooling technology with acceptable vibration due to air flow

m Pixel sensor thinning to 50um

m Slim edge silicon microstrip sensor

B Low noise, low power consumption FEE for silicon microstrip

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU



CEPC TPC Conceptual Design

ok

Momentum resolution

» Parameter of Simulation

02— S BN BRI

Fo. —20GeV. =40 |

o TPC, Half Z=2.0m CN —a-20GeV, 6=60° |
025 —— 20 GeV, 0=85°

0 r_in=329 mm; r_out = 1808 mm
Cos(theta) =~ 0.95

—e— 80 GeV, 6=40°
\ —a— 80 GeV, 8=60"
—— 80 GeV, =85

P

L4

1) (Gavh

e

(|
0 pad size: Imm X 6mm \. -y ]
- . e — =
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Test of a TPC Prototype at THU

B TPC cylinder length: 50 cm
B TPC Diameter =32 cm

m Readout GEM: 100x100mm?
m 10x32 pads, staggered

o Pad size: 9.5x1.5mm?
o Pitch: 10 x 1.6 mm?

m Spatial resolution as a
function of drift distance
(B=1T)

m Best performance: =
GX - 100Mm @Z~100mm D[}E“”;{]”“l{i](}”lIliﬂll.'lliﬂlHIEL{]‘HIS:;[]“”SE;IJIHL";OIIILlSiUHHSEDO

Drift distance [mm]

Fig. 6. x-Resolution for Ar-1so-CF4 = 96.3-3.1-0.6 gas with B= 1T under two different test conditions (¢ <2°, 0<10°).
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CEPC TPC: Critical R&D plan

B Physical design and optimization of the TPC

o Length, inner/outer radius, pad size
’ ’ Cathode

o E/B fields and uniformity requirements o
o Working gas, counting rate, ion backflow suppression

o The time structure of the beam g
o Sensors: GEM and Micromegas detectors ? 40%

B Critical R&D

o Large prototype design, construction and assembly

IBF of GEM

o Laser calibration and alignment device design, assembly

o Detector readout options (GEM+Pad, Micromegas+Resistive Pad,
ThickGEM+Pad ?)

o Front-end readout electronics and DAQ

o Cooling system (eg. two-phase CO, cooling, micro-channel CO,)
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Tests of SiPM and Strip Optimization

Cal
Entries 68739

L M f .
C R E 10° = #® 0.5p e threshold
2500 g & ® 1.5p.ethreshold / r/,"r/./"
1, SIPM rum R e
S pe spectru P ////
1500 [+ 10 / A
1000 4— - ; //
500/— ; /
- 167 = /
0500700500 G800 7006 1200 400 J800 7800 5000 c ../
Mean 1383
ol BMS 4718 | Crosstalk rate = Events (> 1.5p.e)/Events (>0.5p.e)
B MPPC from Hamamatsu
600 — < 50
K E 45
L b =
4001 g 4dop
B % 352 /.//.
200 S aofF
YNGR A
ol s L N PR . (W ° af /
500 1000 1500 2000 2500 3000 B //
Ise heigh '
pulse height spectrum. E et
o

Excellent photon counting T
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Scintillator Strip Structure Optimization

____Baseline design Normal
-t e SO ey ! !
i 0 ol
E
i With normal design, the signal is not uniform with peak

response for hits near SiPM. What’s more, the dead
gap between strips is large due to SiPM installation.

Wedge

MPPC 1x1mm”

Tapered wedge

3

40mm g Need MC simulation and experimental tests
‘ to optimize the strip structure design.

CEPC Physics & Detector - H.Yang @ SJTU
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Prototypes of DHCAL with RPC

Prototypes of DHCAL based on RPC
o ANL (J. Repond, L. Xia et.al.)

1m3, 1 threshold, TB at CERN/Fermilab
o IPNL (I. Laktineh, R. Han et.al.)

1m?3, 3 thresholds, TB at CERN

§ :;‘_ CALICE Preliminary .
: R
i .u?inffﬂ-a”m“"”‘; Bk
<k e L
SE. . . .
20 ) ) .
§ °°:: CALICE Preliminary
:: .
SR e UL
20 é " "',_-:
10 %
S 36 3 5
80 GeV Pion
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WELL-THGEM Beam Test at IHEP

m Detection efficiency of well-THGEM was measured with BEPC pion / proton beams.
m Efficiency:

o Ar/iso (97/3) ,Gain ~ 2000; Eff (proton) > 93%; Eff(Pion) > 82%

o Ne/CH4 (95/5) ,Gain ~ 9000; Eff (proton) > 99%; Eff(Pion) > 94%

cathode

I Single-THGEM I [3mm

'Gmm

e C
WELL-THGEM 3mm r + +
Smm r
coaa v by s b b v b s b b Ly
e e v by by e by b s b v b b
e 200900400 800600700 B0 umber . 200 300 400 500 600 700 800 800 1000

Channel Number



WELL-THGEM Beam Test in Oct., 2015

Hongbang Liu, Qian Liu (UCAS)

m 7/ THGEMs are installed, and 5 of
them are used, and flushed with
Ar/iso-butane = 97:3.

m 1 threshold, binary readout
® 900 MeV proton beam was used
B 5cm x 5cm sensitive region

Event_ID=152, T=21.68s \ /
i \‘ i
i I
i o

Slef |
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Hadron Calorimeter

> The HCAL consists of - Active sensor
lindrical b | ' . > @Glass RPC
> ?chy mdrllca arrel system: . Thick GEM or GEM
modauies o Readout ( 1x1 cm?)

~ two endcaps: 4 quarters . Digital ( 1 threshold)

> Absorber: Stainless steel - Semi-digital (3 thresholds)
1 Barrel i Endcap
'?OOZ‘ A\ \ Re \\
= ) ,
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Electronics Readout System R&D

4.7 mm Imad Laktineh (IPNL)

ASICs : HARDROC2

64 channels

Trigger less mode

Memory depth : 127 events
3 thresholds

Range: 10 fC-15 pC

Gain correction - uniformity

4.3mm

v

Printed Circuit Boards (PCB) were designed
to reduce the cross-talk with 8-layer structure
and buried vias.

Tiny connectors were used to connect the
PCB two by two so the 24X2 ASICs are daisy-
chained. 1x1m? has 6 PCBs and 9216 pads.

DAQ board (DIF) was developed to transmit
fast commands and data to/from ASICs.
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Imaging Calorimeters

..................................
it
il liiiii*i,

Particle Distance ~5cm

Two electrons ~5cm apart ~20 muons in 1m? area
CALICE SiW ECAL CALICE RPC DHCAL

This is exactly what PFA needs: distinguishing individual showers
within jet environment, in order to get excellent jet energy/mass resolution
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RPC R&D From Haijun Yang (SJTU)

»Large Glass RPC R&D WO reo s
arge ass N |' interconnect ;
g PCE (1.2mn)+ASICS(1.7 mm) { Readout ASIC
v | | (Hardroc2, 1.6mm)
»Negligible dead zone P suppor (povcartonate) |

>»Large size: 1x1 m”™ 2

» Cost effective

»Efficient gas distribution system /' / \ RITL) .\
Mylar (175y) + resistive coating

i . . . Ceramic ball spacer (1.2mm) \
»Homogenous resistive coating e Anade glass (0.
. + resistive coat

The different view of P(




Simulation of DHCAL

> Absorber: 2cm stainless steel
» Drift gap: 3mm ol |7 ‘- ) T
» No. of layers: 40, 50 o - it
» Ecell =1, 5 and 10MIP if the charge o . B Ry
is above the thresholds typically . IxLem?-50 Layers- 100GaY 10+ f
placed at 0.1, 1.5 and 2.5 MIPs A AR TR T TR
- wuman 1 threshold-40 layers
02 [ 2cm-steel-3mm-drift su@un 1 threshold-50 layers
0.18 -_ o/E Of 7t+ === 3 thresholds-40 layers
: —¥— 3 thresholds-50 layers
& 0.16:—
= T
2014
0.12f
0.1
TIEFEETI FEEEE FN NI AN ETE NN N FE RS FNENE FEET AN BN
10 20 30 40 50 60 70 80 90 100

Energy(GeV)
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Imaging calorimeter: Critical R&D

m Detector optimization
o Optimize of the pad size of calorimeter

o Optimize the number of layers of calorimeters, help to reduce
the size of magnets and cost

o Gas recirculation system, HV distribution system
H Readout Electronics (PCB, low power ASIC FEE)

m Cooling
o Power pulsing will NOT work at the CEPC, effective cooling and
power saving strategy need to be developed and tested
m Calibration
o Energy, position and density calibration etc.

o Detailed shower measurement gives possibility to use track
segments (from data itself) to calibrate calorimeter

® Mechanical: self-support and compact module
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Circular Electron Positron Collider - CEPC

Discovery of low mass Higgs boson at the LHC (July 4, 2012)
brings up an opportunity to investigate circular e*e” collider
as a viable option for the “Higgs Factory” which is dedicated
for precision measurement of the Higgs properties with clean

collision environment.

3

PHYSI'CSTb‘ RSB,

v
PO

Leptons

2016/09/03 CEPC Physics & Detector - H.Yang @ SJTU




Circular Electron Positron Collider - CEPC

Design Goal

Particles e+, e-

Center of mass energy 240 GeV
Luminosity (peak) 2*10"34/cm”2s
No. of IPs 2

(240m)

Low Energy Booster(0.4Km) Proton Linac

P4 (100m) 1P2

Bou“e"(s'“\’m)

S .
ppC Collider Ring(54Km)
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The performance of ECAL

PSD:2mm LSO:2mm LSO:1mm
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CEPC Muon System

Functions of muon system

o To separate muons from hadrons

o A tail catcher of HCAL

o Solenoid return roke & support structure

Performance requirements

B nlayer >=8, iron thickness >= 6A

B Eff >=95%, resolution<=2cm

B Misidentification rate (pi->mu)@40GeV <1%

The standalone simulation results show the number
of layers and the thickness of iron are reasonable.
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Item Option Baseline
Lb 3.6~5.6m ~4.6
Rin 2.5~3.5m ~3.0
Rout 4.5~:5.5m ~3.0
Le 1.6~2.4m ~2.0
Re 0.6~1.0m ~0.8
Segmentation 8/10/12 10
Number of layers 6~10 8(~3cm per layer)
Total thickness of iron 6~10A (A=16.7Tcm) | 8 (8/8/12/12/16/16/20/20/24cm, Sum=136cm)
Solid angle coverage 0.92~0.96:<4 0.94
- . 1.5~2.5cm 2
Position resolution
: 1~2em 1.5
Average strip width Wtrip: 2~4cm 3
Detection efficiency 929 ~.98% 95%
Reconstruction efficiency | 92%~96% 94%
Endcap Baryel Endcap
——
=
Q
-
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Considerations for a prototype

A prototype is needed to validate the basic performances of designe

RICH;
Requirements for 40 GeV «.n, (C4F10 radiator):
* Oyax = 0.053

* 1 (mirror) > L#6,;, =060 mm, R (sensitive area) = 75 mm
» Angle resolution: 2mrad

Sensitive
photodetector r
4 9MAX
R
L= 1000 mm
The photon detector is obviously the key challenge.
2016-9-2 CEPC-SppC Study Group workshop
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Some classical Photon detector Drift Chamber based
on MWPC (at
Hamamatsu Hybrid Avalanche Hybrid photon detectors DELPHI) - i 1—
PhotoDetector (HAPD) at (HPD at LHCb) =
Belle2-ARICH 4
Super bialkali  ohoion . 1
photocathode H
\. v

)| I

Pixelated APD

LAPPD:

Large Area micro-
channel plate
photodetector

And also, MPGD (GEM, Micromegas) based Photon detector !

2016-9-2 CEPC-SppC Study Group workshop
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