0, 4

SRR EFER FRIHER(C f
* =3
CEPC tHR L{E4R Y

f— | > f)”l
. [ "
r— ’
, P ‘E
'l' y“’ . . ! . , v
‘e, . ...l ‘
. . a ,
f o,




Qutline

 Brief introduction

« Status and progresses

o Summary




What is CEPC?
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Two ways to go beyond SM

Precision measurements and direct searches

<+ Direct searches:

+ Based on a theory hypothesis,
looking for excesses in the mass
spectrum.

+ E.g. resonance searches

+ |Indirect searches, precision
measurements:

+ Precisely measure SM
parameters, compare with
predictions, looking for
differences.

+ The differences can come from

0 .
80.32 80.33 80.34 80.35 80.36 80.37 80.38 80.39 80.4 80.41

something new M, [Gev]

+ E.g. W boson mass measurements



= BEIZ IE T BB X 1E AL
(Circular Electron Positron Collider, CEPC)

o BIABEM Z(90 GeV) | ZH (240GeV) (J3ZE

. BEREK SRS
EIEER100 km AISHHEA], 350 GeV, top threshold) HIEEEEE

« F@mTHiggs U FRIFR=EREF125 GeV, BIBAERR
ILVBEE240-250GeV AAIET R FIIET=4E KEMN
ete- —> ZH E4

e X nggs HiITEEENENMNEMNSHBEN EW
KESENZ; *EttLXﬁIJE’JH—Q?‘ZE% KER5
=115 FE%BAESZ§ =40

« MIPNER, 10FEABAT45.6/ab R0 RERIEL
EATF Higgs MRIAR

%)J /jlﬁ*ﬁ ﬁ% ﬂ %D \ ZIK }Eg :F >$ Off-axis injection Off-axis injection

Operation mode Z factory 1V threshold scan Higgs factory
Vs (GeV) 91.2 158 - 172
L (103**cm~2s71) 16-32 10 3
Running time (years) 2 1 7

Integrated Luminosity (ab™1) 8-16 2.6 5.6
Higgs yield - - 106

W yield - 107 108

Z yield 10° 10?




The CEPC Program AM w+ Ly a P
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100 km ete- collider
Z Mass WW threshold Higgs

91 160 240
40 : | I

Z: 3-7 x 1011 events

30

20 5
G W: 2 x 107 events
‘ R 2T
I Higgs: 106 events

. I
0 40 80 120 160 200 240 230

Center of Mass Energy [GeV]

3 Tesla
’ Tesla

J
N .

Luminosity per IP [1034cm-2s-1]




Main Parameters of Collider Ring

240 160 | 91
2

3 10 16 Ky




CEPC accelerator chain and systems

| //M Energy ramp
10 GeV
Booster _ﬂ_
100 km N\,
45/80/120 GeV — =

0.00 2.00 4.00 6.00 8.00 10.00  12.00
t ()

- Booster and CEPC

Collider - SPPC _

. #/The key systems of CEPC:

1 ;‘(I)nkg 4 1) Linac Injector
m 2) Booster
\/S — 90, 160 or 240 GeV d 3% Collider ring
2 interaction points 7/ 4) Machine Detector Interface
‘ 5) Civil Engineering
45/80/120 GeV beams o Accele_rator CDR provides
. _ 4 B details of all systems

MBI, W s e



CEPC PFA detector concepts

r-------------------------

Particle low: make use of the optimal sub-
detector information in reconstruction and a
hi gh granularity calorimettry system required

Particles in jet

Measured Resolutions

Fraction of E

Required for 30%/sqrt(E)

with

(67)




CEPC detector concepts

Three detector concepts proposed
* Silicon + TPC + PFA calo - used for full simulation performance study

* Full silicon + PFA calo

* Silicon + DC + DR calo

TPC: 3 Tesla Silicon Drift chamber: 2 Tesla

B Detector length ' 300 cm
< Preshower
imeter

Q’:l Readout ( alo%

|

Detector height 1100 cm

',A/\=

=]
CalRin = 250 cm

Cal Rout = 450 cm




Detector R&D



Physics requirements

- Robustness and efficiency : record all physics events/objects in a
noisy environment

- Ultimate goal: trace the whole cascade topology of a physics
event, i.e. jet substructure!

- Excellent resolution and efficiency to reconstruct physics objects:

- Luminosity/beam energy calibration to meet physics goal
<+ Luminosity: ~ 0.1% at 240 GeV and ~ 0.01% at 91 GeV
<+ Ebeam: ~ 1 MeV at 240 GeV and ~ 0.1MeV at 91 GeV

- Highly hermetic coverage: advantage of e+e- collider — initial
state precisely defined.

- PID: lepton/jet/hadron identification with high efficiency and
rejection power

13



Benchmarks for performance

10

b, cC B(H — bb, cc v o,y =5® —(um)
H — bb,cc, gg (H — bb,cc, gg) ertex Oy S Govysinid H

H— qq, WW~,ZZ B(H — qg, W*W~,ZZ) EH%AALL ol =3 ~ 4% at 100GeV
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Multiplicities of typical events

Averaged multiplicities of the charged tracks and
photons ~ 30, up to 100, which carry most of the
energy of an event

Neutral hadrons ~ 10% of the energy

A Ly
n %)
- ——
- c
() ()
> >
Ll I

60 80 100 120

40 60 80 100 120
Photon rpultilicit

5 10 15 20 25
Neutral hadron multiplicit



_eptons: tracking & D
bre > ZH - up(eTe )+ Inclusivg

Leptons extremely important for
the model independent study of

Higgs

= CEPC Simulation CEPC CDR
—S+B Fit 5.6 ab™, 240 GeV
ete »ZX—e'eX

Background

CEPC CDR
5.6 ab™”, 240 GeV

mu+trmu-

= CEPC Simulation
— S+B Fit
----- Signal

The momenta greater than 15
GeV cooed

Events /0.8 GeV
Events /0.8 GeV

130 135 140
MEecol [GeV]

High tracking efficiency, good
lepton ID, and good resolution A
p r efe r r e d Electron from Higgs / Muon from Higgs

Muon ! Electron

Hadron i Hadron

60 80 100 60 80 100
MC Energy (GeV) MC Energy (GeV)




Jet energy resolution

e Jet energy resolution (JER) is
essential for boson
reconstruction, left plots
demonstrate the importance
of boson mass resolution

* 4% Is minimum requirement
for W, Z&H boson separation

7100
Mass [GeV]

100 150

Mass [GeV]

(c)

100 150
Mass [GeV]

100 150
Mass [GeV]

(d)




Photons

* Photon energy resolution is
key issue for Higgs di-photon
measurement, as well as i1
and ISR photon tagging

= CEPC Simulation
— S+B Fit

Background

\++++++

>
O
G
N
~—
~
2
et
c
o
>
Ll

» Simulation shows 20%/E"2 is
minimum requirement for
Higgs to di-photon studly.

115
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CEPC CDR
5.6 ab™, 240 GeV
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EXperiment conditions

= CEPC design supposed to deliver more luminosities at all energies
= Constraint from machine

double ring Y S~
cross angle: 33 mrad . H@0 waen zoOn
L*=2.2m, QDO, QF1 inside detector Hit Density [hits/cm?-BX] 2.4 2.3 0.25

TID [MRad/year] 0.93 2.9 34

Backgrounds : pair production & off-beam particlesgts (102 1 MeV n,, fem®year] 2.1 . .

Luminosity measurement very challenge
= Stringent requirements on detector design

Yoke/Muon

Yoke Plugin




Baseline design

end-plate
(readout modules)

Muon

Also silicon tracker

Endcap cap

i d ; 2% 1
T "
'l-- T d— o i
| di— Z
- § e— 4
E—T ;2
——
| —
e
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Silicon Vertex

* Three double layer pixel
detector

* Rin =16 mm

* Best single point resolution
3 microns

* Material 0.15%X, per layer

* |Impact parameter resolution

10
— m
Ore ® p(GeV)sin3/2 H(M )

‘ lcosd| ‘ (um) | Readout time(us)

0.97

0.96 }

Layer 3 : S. { 0.96 }

INIH

Layer 1 67 2.8 20

Layer 2

Layer 4
Layer 5

0.95
0.91
0.90

)
)
(

Layer 6
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Performance studies: Impact parameter resolution

Transverse impact parameter resolution for single muons

full simulation(6=85°)
full simulation(6=20°)
fast simulation(6=85°)
— — fast simulation(6=20°)
— - = requirement(6=85°)
requirement(6=20°)

Requirement

Impact parameter resolution goal
achievable with current design

absolute momentum p [GeV/c]

23



Performance studies: Material budget

Transverse impact parameter resolution for single muons

Baseline includes very
small material budget for beam
pipe, sensor layers and supports
< 0.15%Xo/ layer

—m— full,85°,p=1GeV

—— full,85°,p=10GeV )
—e— full,20°,p=1GeV x 2 more material
—a— full,20°,p=10GeV J

—g— fast,85°,p=1GeV

—+— fast,85°,p=10GeV 20% resolution degradation
—o— fast,20°,p=1GeV

—A— fast,20°,p=10GeV

0.001 0.0015 0.002 0.0025 0.003 0.0035 0.004 0.0045 Impact parameter resolution goal
XIX, per VTX baytel layer achievable but only with low

material budget

Requirement

24




full sim,CEPC baseline,1GeV

full sim,CEPC baseline,10GeV

full sim,CEPC baseline,100GeV

full sim,single point resolution worse by 50%,1GeV
full sim,single point resolution worse by 50%,10GeV
full sim,single point resolution worse by 50%,100GeV
fast sim,CEPC baseline,1GeV

fast sim,CEPC baseline,10GeV

fast sim,CEPC baseline,100GeV

fast sim,single point resolution worse by 50%,1GeV
fast sim,single point resolution worse by 50%,10GeV

— fast sim,single point resolution worse by 50%,100GeV

Performance studies: pixel size

Transverse impact parameter resolution for single muon

50% single point
resolution degradation

4

50% impact parameter
resolution degradation
(for high-pt tracks)

Minimum degradation for
low-pt tracks
(dominated by multiple scattering)

Target
Baseline p =10 GeV

Baseline p =100 GeV

40 50 60
polar angle 0 [deq]
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Performance studies: inner radius of VXD

Transverse impact parameter resolution for single muons

full simulation(
full simulation(
full simulation(
fast simulation
— — fast simulation
fast simulation

Baseline

absolute momga(r)wtum p [GeV/c]

20

R
R
R

n(
(
(

/T

\
i¥
IqV
R
VTX

_16mm <

)
—1 2mm)
_20mm)
1_1 6mm)
=12mm)
_20mm)

Baseline

Target

Impact parameter resolution
affected for low-pt tracks



Tracker

/
// 0 2
y |cosB|=0.923

SIT: Silicon inner tracker
SET: Silicon external tracker
FTD: Forward tracking disk
ETD: End-cap tracking disk
SXENSHE
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Calorimeter: key of PFA concept
% Ecal base”ne Endcao Endcao

+ 30 layers
+ Cellsize: 1 X lcm?
+ 24 Xo

<+ Hcal baseline

+ 40 layers

Sectl Sect2 Seq¢t3 Sect4d Sects




Detector optimization

B Field
TPC radius
TOF
ECAL thickness
ECAL cell size
ECAL num. layers
HCAL thickness

HCAL num. layers

Optimized (CDR)

3 Tesla

y 2 5
"18m'?
‘s 4

aam m -

Comments

Required from beam emmitance

Required by Br(H— pp) measurement _H < P

Pi-Kaon separation at Z pole

H 1
Optimized for Br(H->yy) at 250 GeV - ~<::
¥

Maximum for EW measurements,
better 5 mm but passive cooling needs 20 mm

Depends on silicon sensor thickness

Optimized for Higgs at 250 GeV
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tr% EE*E TD{ Event rate in 5.6/ab

Process Cross section Events in 5.6 ab~!

Higgs boson production, cross section in tb
e”— ZH 196.2 1.10 x 10°

D
D

e’
ete”— v, H 6.19 3.47 x 104
et

e —=ete  H 0.28 1.57 x 103
Total 203.7 1.14 x 106

Background processes, cross section in pb
ete” — eTe” (7) (Bhabha) 930 5.2 x 107
ete” — qq(7) 54.1 3.0 x 10°
ete” = putpm () lor 7T ()] 5.3 3.0 x 107
ete” - WW 16.7 9.4 x 107
ete” > 27 1.1 6.2 x 10°
ete” —wete Z 4.54 2.5 x 107
ete” = eTvW ™ e oW 5.09 2.6 x 107




e Cross sections
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Model-independent Higgs study|
Unique to lepton colliders, the energy and momentum of the Higgs
boson in ee — ZH can be measured by looking at the Z kinematics

only: E, :\/E—EZ, p, =—p,

Recoil mass reconstruction:

rec01l (\/__E ) _Iﬁz‘z

= identify the Higgs boson without looking at the Higgs boson.

Measure o—(ee—>ZH) iIndependent of its decay !

(LHC always measures o X BR)



Expected precision from combination

Precision of Higgs coupling measurement (7/-parameter Fit)

Property Estimated Precision ;
5.9 MeV a LHC 300/3000 fb™* ]

gy

[y 3.1% ) a CEPC 240 GeV at 5.6 ab~! wi/wo HL-LHC |
o(ZH) 0.5% “

olvvH) 3.0%

i -
| |
t +
| !

Decay mode o(ZH) x BR

H — bb 0.27 % 0.56%
H — cc 3.3% 3.3%
H — gg 1.3% .49
H— WW* 1.0% 1.1%
H— ZZ° 5.1% 5.1%
H — - 6.8% 6.9%
H — Z~» 15% 15%
H—7t'r 0.8% 1.0%
H— pp 17% 17%
H — inv - < 0.30Y% <= 95% CL upper limit on BSM
contribution

Relative Error

K b KI' | K C

Statistical uncertainty only




(Bt 21xITiE ) EPRITEE

IHEP-CEPC-DR-2018-02

IHEP-EP-2018-XX

Report of the Review of the
Circular Electron Positron Collider
Conceptual Design Report

IHEP-TH-2018-XX

This report was prepared by the international review committee:

Claudia Cecchi, INFN Perugia, Italy
CEPC Mogens Dam, Niels Bohr Institute, Copenhagen, Denmark
Sasha Glazov, DESY, Hamburg, Germany
Christophe Grojean, DESY Hamburg and Humboldt U. Berlin, Germany
Liang Han, University of Science and Technology, China

Conceptual Design Report Tao Han, University of Pittsburgh, USA
Bill Murray, Warwick University and RAL, UK
Maxim Perelstein, Cornell University, USA

. Marcel Stanitzki, DESY, Hamburg, Germany
VOlume II - P h}’SICS & Detector Marcel Vos (chair), IFIC UV/CSIC, Valencia, Spain

F‘T Hitoshi Yamamoto, Tohoku University, Sendai, Japan

387 I~ The report is based on v2.0 of the Conceptual Design Report and presentations by and discussions
with the CEPC team during the three-day review from 13-15 September in Beijing, People’s
Republic of China.

The scientific goals presented in the report are well motivated and aligned with the
priorities of the international high—energy physics community. The report also presents a
conceptual design for the CEPC experiments, with plausible solutions to address the main
challenges. We believe that the studies reported in the CDR fully achieved the goals
appropriate at this stage of the project, and we strongly encourage the CEPC team to
proceed with preparation of the technical design report




Next milestone - 2022 DR

Pre-studies Engineering Design

- Design issues - Design, funding - Seek approval, site decision
- R&D items - R&D program - Construction during 14th 5-year plan
- preCDR - Intl. collaboration - Commissioning

- Site study

1

!

* Possibly concurrent with the ILC program

* CEPC data-taking starts before the LHC program ends
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The 2018 international workshop
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8 CEPC YEBMRTBEHRT HiggshIEHNE, BN ES B EEE TR IEBRR
S EENEYT, BIL5%E, NETIHHRE.

S IESRIREMEN (ERHRS) DRIRFERE, 28T TEMITE; EalsErscE
Hes, T T NBAS

S HHITF2022FE R ARIRIHRE, EREEE TIEHE
SREBRARNRKE, AETENERAE
2B ZERSTE

S FERSARIERERETNE, HIEE

® CEPC IR TIEAE— 5. BANMER, BEEEFIXR—%, BRFEA community B3
= ZRUAEEZANSSNEY, TMBIINLEERE,

Thanks a lot
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Extras



Comparison with FCC—-ee

Relative precision of Higgs couplings

CEPC FCC-ee®
5.6 ab™t. 240 GeV 5 ab™t. 240 GeV

Correlations 1ncluded 1gnored 1enored
['y 3. 1% 2.9% 2.8
K 1.6% 1.4% 1.4%
Ko 2.2% 2.1% 1.8%
Kg 1.6% 1.5% 1.7%
KW 1.4% 1.3% 1.3%
Kz 0.25% 0.25% 0.25%
Ko 3.7 3.7/ T
Ko 1.5% 1.4% 1.4%
K 8.7% 8. 7% 0.6%

I}PE:“ < 03% < 0.3% —

" presented at ICHEP 2018



