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Introduction
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* I[CHEP2016: “The Standard Model works very very well”

- SHEREDS: SHREKTF
— B Wp—/Ng 2

- BHEEATE: FHIEEREL (W) RE
— H: “Higgs is now part of the intensity frontier”
—Z
— t, b; G, T, U, ..

LHC, SuperKEKB, BEPC, ...

2016/8/22 CEPCTIHIF 73 fg 3



St E LA A IS ErIE

ATLAS&CMS, PRL 114, 191803;

e LHC J:E"J’l%ﬁ%ﬁ!“% arXiv:1606.02266
my = 125.09 + 0.24 (0.2% accuracy!)
MHREERE—

. . . R.S. G |., PRD 86 (2012) 095001;
e The Decoupling Limit 2w ® (2012

Ihxx = ngx(l + Ax) Ax <1- 5%

- HEIE S FXHENRIE R RSB E

2016/8/22 CEPCTIH 73t &
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Entries/(.2 GeV

Higgs reconstruction by recoil

cete" > HZ 7Z -l

CEPC Preliminary

ook 2 s [ Lot Observables:
B —4— CEPC Simulation
' — s . [ Ldt
L Background
000_ Y mH
: * NI'GC
I Ny
1000} e B(H-X) =
| rec
Pt
0 — : =t —e— * Nryssion
120 125 130 135 140
' .
M. . [GeV]
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CEPC Baseline Program

4 )
e\/s =240GeV — L =2x10%* cm2s
— 21P’s
—[Ldt =5ab!: ~106ete” —» ZH
\_ J

e/s=912GeV — L =1x103*cm2s?
— ~10%0-11 Z-decays
— easy setup for alignment/calibration
— no beam polarization

2016/8/20 CEPCTRIFILRE - we REVIFE /) 23 s s 2 7



Higgs couplings at CEPC

Relative Error
O
L

—
<
F2

1073

2016/8/22

Precision of Higgs couplingmeasurement (Contrained Fit)

R

m LHC 300/3000 fb~"

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

CEPCTIHI 7t 13t i
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V(h)ﬁmh(h"h)w“ 0+ g Sh= (/3 Ay

91:7 52-Eitilj E _I;.l_ ﬁlé E 7 5’\("”’)2103 [%] 2 Mpn= (6/3) A, M
Ht E’ HHH , HHH H, EW phase transition strong 'lSt order!
= O(1) deviation on Ay,
‘?

ll
t
( |
| |
|:> | |
\ —1 |
we lﬁnow: ‘.} / \ /
® / \ /

* Higgs self-couplings at CEPC:

—_—

through loop contribution Al

to HZZ, model dependent

sl 0 s Complementary to ILC/CLIC
o Next pp collider, SPPC

2016/8/22 CEPCTIH 73t & 9



CEPC Baseline Program

* \/s = 240 GeV

— [ = 2x103% cm=2s1
— 2 1P’s

—[Ldt =5ab!: ~106ete” —» ZH

(¢ /5 = 91.2 GeV

\_

— L = 1x103* cm2s?
— ~10%0-11 Z-decays

~N

— easy setup for alignment/calibration

— no beam polarization

J

2016/8/20
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Physics at Z pole

* Precision EW measurements: promising & challenging

Table 13: Exclusive u™pu~ selection: examples of relative systematic uncertainties (in %) for the 1994
(1995) peak points.

Source Ac/o (%)
Acceptance 0.05
Momentum calibration | 0.006 (0.009)
Momentum resolution | 0.005
Photon energy 0.05
Radiative events 0.05
Muon identification | ~ 0.001 (0.02)
Monte Carlo statistics | 0.06
Total 0.10 (0.11)

* Potential for flavor physics etc under exploration



Special considerations at tt ?

* Counting or detail studies - accelerator design

Top Mass — Not Part of CEPC Planning

e'e CossYsQum g
élos"'|"'|"'|"'|"'3
Rate measurement at tf threshold © o7l | 9@t

Té_ 0.8 | T threshold - 1s mass 174.0 GeV S I, 10°

'E' I — TOPPIK NNLO + ILC350 BS + ISR o5L
o | I simulated data: 10 fb /point |

"g 0.6 [ — top mass + 200 MeV = 104k

P

N 103
8 04 —

5 10 %
0.2 —

i 10 L

0 P S TS R S S BT 1
345 350 355 B
Vs [GeV] D

- o~ 0.3 pb (higher than ZH at Vs = 240 GeV)
- /s = 350 GeV challenging for a “small” ring like CEPC

* 1.5 x beam energy -> 1.5%4 = 5 x SR (per particle)
- =+ 20 MeV with 100 fb-1

5/6/2016 CEPC (Cornell) 31
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CEPC-SppC PreCDR i, s

IHEP-CEPC-DR-2015-01
IHEP-EP-2015-01
IHEP-TH-2015-01

IHEP-CEPC-DR-2015-01

IHEP-AC-2015-01

http://cepc.ihep.ac.cn/preCDR/volume.html

CEPC-SPPC

Preliminary Conceptual Design Report

Volume I - Physics & Detector

403 pages, 19 MNEZE[H#HIX
480 authors

The CEPC-SPPC Study Group

March 2015

2016/8/22

CEPC-SPPC

Preliminary Conceptual Design Report

Volume Il - Accelerator

328 pages, 13 MNEZF [HX
300 authors

The CEPC-SPPC Study Group
March 2015

CEPCTIH 73t & 13
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ﬂﬂﬁ%&: E%, gg%, o

g | B N .
Theoretical Motivatiofi and Physics Cases /
- Ecbzuary 28-March 1,2015IHEP Beijing,China
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Accelerator design



CEPC Accelerator

6 GeV

Electron

In the same tunnel:
» CEPC & booster
» SppC

b
5]
fiff
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45/120 GeV

CEPCTHHT 7Tt &
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Luminosity vs. power consumption

* SR power : 50MW/beam
— Limited number of bunches at 240 GeV

— More bunches at Z pole, ...

* Possible schemes
— double ring
— partial doubling ring
— single ring

2016/8/22 CEPCTIHIF 73 fg
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Main problems left in Pre-CDR | gao, IcHEP2016

Pretzel scheme is difficult in design, operation, fexibility and stability
High AC power

Booster with very low magnetic field (30 Gauss for 6GeV injection
compared with 3 Gauss backgroud magnetic field in BEPCII tunnel)
and small dynamic aperture

Very low luminosity for Z with single ring

Very small DA at 2% energy spread

The clear criterion for reaching CDR requirement on DA with beam-
beam effects and magnetic errors

What is the goal of CEPC CDR?

In short, Pre-CDR is a "design" even not working on paper



Main parameters for CEPC (Pre-CDR)
mmm

Beam energy [E]
Number of IP[N;p]

Bunch number/beam|[ng]
SR power/beam [P]
Bending radius [p]
Revolution period [To]

emittance (x/y)
Transverse size (x/y)

Beam length SR [os.sk]

Lifetime due to Beamstrahlung

RF voltage [Vi]

Harmonic number [h]
Energy acceptance RF [h]
Energy spread SR [o5.5k]
Energy spread total [os.t0t]

Transverse damping time [ny]

ﬂﬂ%ﬁ?ﬁ factor

MW

(7]

nm

um

mm

min

GV

%
%
%
turns

Fh

2

50

51.7
6094
1.82E-04

6.12/0.018
69.97/0.15

2.17

80

6.87
117900
5.98
0.13
0.16

78

Circumference [C]
SR loss/turn [Uo]
Bunch population [Ne]

Beam current [l]

momentum compaction factor [q]

Revolution frequency [fo]
Bir(x/y)
E_,x,y/ IP

Beam length total [os.t0t]

lifetime due to radiative Bhabha
scattering [t.]

RF frequency [f]

Synchrotron oscillation tune [vs]
Damping partition number [Jg]
Energy spread BS [o5.85]

ny

Longitudinal damping time [nc]

0.692 ¢ psiiumingsity /IP[L]

GeV

mA

Hz

mm

mm

min

MHz

%

turns

cms

54420
3.11
3.71E+11
16.6
3.39E-05
5508.87

800/1.2
0.116/0.082

2.53

52

650
0.18

0.08
0.23

39

2.01E+§%



CEPC Pretzel Scheme

2 RF

2 RF

IP1

4 |Ps, 944 m each

8 arcs, 5852.8 m each

48 bunches / beam, 96 parasitic collision points (~ 500 m spacing)
Horizontal separation, no off-center orbit in RF section
One pair of electrostatic separators for each arc (green)

* One pair of electrostatic separators for P2, P3, P4, P6, P7, P8

2016/8/22

CEPCTRRFFLIL I H.P. &Geng



CEPC Double Ring Scheme Layout

IP4 pp

2016/8/22

566m

CEPCTIHIF 73 fg

IP2 pp

Su Feng

2016.3.29

22



Long Straight Section

RF

arc Electrostatic separators

IP with experiment

IP with experiment

Lt a3
. :’f@,y”ﬂ\?‘fiz
[ ] P IHEP-AC-LC-Note2013-012 K 4.2 )

,’b ILC-##2-2013-08

June 16, 2013

Electrostatic separators  arc

AT CEPCR A WEK By A BT 4 DA Am A T
FHRUEX B E M Lattice fRAL R THENL

MITIGATING PERFORMANCE LIMITATIONS OF SINGLE BEAM-PIPE \ 7

CIRCULAR e'e COLLIDERS =

M. Koratzinos, University of Geneva, Switzerland and F. Zimmermann, CERN. Geneva,
Switzerland.

Abstract

Renewed interest in cireular ¥ e colliders has spured
designs of smgle beam-pipe machines, like the CEPC mn
Chma, and double beam pipe ones, such as the FCC-ee
effort at CERN. Single beam-pipe designs profit from
lower costs but are limited by the number of bunches that
can be accommeodated in the machme We analyse these
performance limitations and propose a solution that can
accommeodate O(1000) bunches while keeping more than
90% of the ring with a smgle beam pipe.

SINGLE BEAM-FIPE LIMITATION

The CEPC collider [1] is a single beam-pipe
e*e” collider with the main emphasiz on 120 GeV per
beam runnmg with possible nmning at 45 and 80 GeV.
Bunch separation 15 ensured by a pretzel scheme and the
maximum number of bunches 15 limited to 50. This very
small number of bunches for a3 medern Higgs factory
miroduces luminosity lmitations at 120 GeV, and severe
lmitations at any eventual 43 GeV mnning.

A machine of the size of CEPC at 120 GeV ought to be
designed to be op g at the b beam linut and not
reach the beamstrahlung limit first. The best way to reach
this goal is by keepmgz the bunch charge low and
emiftances as small as pessible. A large momentum
acceptance also helps. Another way (and the route chosen
for the CEPC) is to keep the bunches as long as possible,
but this gives rise to lower mstability thresholds as well as
to geometric luminosity loss. According to owr caleulati
and with reasonable assumptions for the length of the
FODO cell and phase advance, we amrive at an optimal
number of bunches of around 120 at 120 GeV [2]. The
accommeodation of this number of bunches with the pratzel
scheme would be more demandmg.

For an eventual running at 45 GeV the limit of 50
bunches would be inadequate, as umdreds of bunches
would be needed to explore the full potential of the
machme [2].

THE ‘BOWTIE® DESIGN
Without changing the basic design philosophy of the

-
=]
=1 ity

ILC Group, Accelerator Center f

=~+itute of High Energy Physics (IHEP), Beijing \ 9
®

D& )

apart transversely so that separate beam pipes and
magnetic elements can be used to manipulate the electron s
and positron beams individually, and without any parasitic e : o s —
collisions. The length of the electrostatic separator section
would be around 100 m on both sides of the straight
section. Smee now the beams travel in separate beam pipes,
zreat flexibility about the choice of collision angle 15
ensured. The FCC-ee is pursumg a crab waist approach
which gives excellent performance at low energies and
where the crossing angle 15 30 mrad.
ssuming a total length of the double beam pipe to be

2#2000m. and assuming that bunches within a frain can be
separated longitudinally by as bttle as 2 m (7 ns) then
2x1000 bunches for each species can be accommedated m
the machine.

The ratio of smgle to double beam pipe would be ~4/52
or about §%. Note that the cost increase would be much
smaller than the above fizure and actually the cost per
huminesity unit would be greatly improved.

i Partial Double Ring (DPR) was proposed
' independently at IHEP and CERN:
1) J. Gao, IHEP-AC-LC-Note 2013-012
-, 2) M. Moratzinos and F. Zimmermann, 2015
e —— e (IPAC 2015 M. Moratzinos and F. Zimmermann)

ELECTROSTATIC SEPARATORS
For illustration purposes we have chosen the LEP
electrostatic separators [3]. These were 4 m long, 11 em
wide and the maamum cperatng voltage was 220 kV.
Each separator produced a maxmum deflection of 145

1P with experiment
E | | | g



CEPC Partial Double Ring Layout

1/2RF 1/2RF

IP1 _ee/IP3 ee, 3Km

L

Crossing Angle:
30 mrad

RF

IP2 pp/IP4 pp, 1132.8m
4Straights, 849.6m

4Long ARC, 120*FODO, 5852.8m

One ~3 km (’f:O MS) macro-bunch 1/2RF
e e _IP4__pp_ ________________ : ______________ = _|P2__.pp__ .............................
1/2RF
Advantage:
* Avoid pretzel orbit
* Cost less than whole double-ring
* More bunches for high luminosity Z, W
* Reduce AC power with crab waist collision
12RF | 1/2RF SU Feng
CEPCTIF 5t 3t fi2 24 2015.10.12

4Short ARE/?100*FODO, 4908.8m



New idea:

APDR

l
.'Ip THEP-AC-LC-Note2016-002¢ H diowed (24 (\ Dol RN 9 0/4.¢. 1 F
. S P - :
,'b ILC-H138-2016-02 chen &P EO 5. Gao
May 20t, 2016+ lhep, cA® M.
0 ,’J “ {a
2"‘/203
The advanced partial double ring scheme for CEPC.
&
¢ ] =
GAO Jie (&) « H e
+ ]
Vg :
" /yj "“"'rx ?f % ’ ]
P % ey »,#ar (qu
) (APPR o . jlz
) ach 4 ¢ \ = Vardigl
ILC Group, Accelerator Center+ ha'é“‘”‘ pactiad ) ‘ / OJL-&,(
Institute of High Energy Physics (IHEP), Beijing« Voule R o 1o = | NS — SO
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CEPC Advanced Partial Double Ring Layout 11

1/2RF 1/2RF

. / )

e 5
IP1_ee/IP3_ee, 2.968Km 4 /2RF X/"/APDR |
IP2_pp/1P4_pp, 1132.8m e :
APDR, 1052.87m - IP3,_ee

1/2RF -

12 Long Straights, 566.4m OC>
4 Long ARC, 124*FODO, 5852.8m 1/2RF | 1/2RF SU Feng
4 Medium ARC, 104*FODO, 4908.8m i 2016.6.2

4 Short ARES/EFPODO, 660.8m CEPCTbF T it i



CEPC vs LEP2

Physics working point H VA YA
Energy/beam [GeV] 120 45.5 105 45.6
Circumference [km] 54 54 27
Single ring/double ring Partial double Single
Pretzel scheme No Yes
Bunches/beam 67 44 1100 4 12
Bunch population [1011] 2.85 2.67 0.46 4.2 1.96
Emittance [nm] 2.45/0.0074 | 2.06 /0.0062 | 0.62/0.0028 38
IP beta [mm] 250/1.36 268 /1.24 100/1 1500/50 2000/50
Beam current [mA] 16.9 10.5 45.4 3 4.2
Luminosity/IP x 1034cm2s1 2.9 2.0 3.1 0.0012 0.0034
Energy loss/turn [GeV] 2.96 0.062 3.34 0.12
Synchrotron power [MW] 50 31 2.8 22 1.1
RF voltage [GV] 3.6 35 0.12 35
fre [IMHZ] 650 352 352
2016/8/22 CEPCTIibI 7 33t e 27




CEPC vs ILC

Physics working point H YA H
Energy/beam [GeV] 120 45.5 125 250
Linear/circular circular linear
Bunches/beam 67 1100 1312 1312
Bunch population [1011] 2.85 0.46 0.2 0.2
Normalized emittance [nm] 575342/1738 55205/249 10000/35 10000/35
IP beta [mm] 250/1.36 100/1.0 13/0.41 11/0.48
IP RMS veritcal beam size [nm] 100 53 7.7 5.9
Beam current [mA] 16.9 45.4 5.8 5.8
Luminosity/IP x 1034cm2s-1 2.9 3.1 0.97 2.05
Energy loss/turn [GeV] 2.96 0.062 No
fre IMHZ] 650 650 1300 1300
Average number of photons / particle n, 0.47 0.24 1.16 1.72
CEPCTIibI 7 33t e 28
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Remarks on SppC Program

Vs ~ 100 TeV

Main constraint: high-field superconducting dipole magnets

— 50 km: Brax =12 T, E=50 TeV
— 50 km: Brax =20 T, E=70 TeV

— 70 km: Brax =20 T, E=90 TeV

. L ~ 103> cm2s?

P4 IP3

Sppc Collider Ring(SOKm)

2016/8/22 CEPCTIHF 70 1t 8
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CEPC Detector Design



CEPC Detector (preCDR)

Yoke/Muon ILD-like detector with additional

considerations (incomplete list):

o Shorter L* (1.5/2.5m) — constraints
on space for the Si/TPC tracker

o No power-pulsing — lower granularity
of vertex detector and calorimeter

o Limited CM (up to 250 GeV) —
calorimeters of reduced size

o Lower radiation background — vertex
detector closer to IP

HCal
Coil

Qoo LumiCal Vertex

O

- Similar performance requirements to ILC detectors
- Momentum: oy, <5- 107°GeV™!  « recoiled Higgs mass

. Impact parameter: g;p = 5um + 10um/p sin3/26 — flavor tagging, BR
- Jetenergy: op/E =3 —4% «— W/Z di-jet mass separation

2016/8/22 CEPCTIH 73t & 32



Ouyang Qun, HB Zhu et. al.

CEPC Detector — Pixel Vertex Detector

CMOS Sensor design and production ' runding from Key Lab, IHEP

« Initialized CEPC pixel sensor design based CMOS technology

« 15t joint MPW submission with IPHC last November to understand
charge collection with different diode geometries, epitaxial-layer
properties and possible radiation hardness

~_ o
YCHIoUI uuilpiall

NWELL NMOS ’ PMOS Static address Analog output 0-15 Polarization Analog output 0-15
DIODE TRANSISTOR /  TRANSISTOR A L A .
- T e R L L
: \ ,,l[ L SN 7.872 mm x 3.892 rmm . .
7Y ‘..e e__.( : .-5 %
[+ = §
ok Y Matrix-1 Matrix-2 SEs | 3
..... [e = =
: el .. h - e 2
4 = .
Epitaxial Layer P- = P,
= U
El =
= Kz
=

U L L T T e e U T O T e L S e U L

CMOS sensor working principle ———— |
« On-going design effort on in-pixel electronics and readout

architecture; second MPW submission later this year
201678722 CEPCTRBFEITE 33
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Ouyang Qun, HB Zhu et. al.

CEPC Detector — Pixel Vertex Detector

Sensor Characterization (Preparation)

* Prepare test system to characterize charge collection
NI crate based or customized DAQ system i

« Signal response with the TCT scan system
« Commissioned to achieve resolution ~ 30um (target: 10um)

trigger

]
£

Pranimity bosed

Signal response of the
\efault strip sensor
e s

—© C

" AYA"
— Oscilloscope or

digitization board

urh.l

Time [ns)

* Irradiation facilities @ NINT allowmg TIDupto b MRad Co 60)
and NIEL up to 10" 1MeV n,,/cm? (pulsed neutron reactor)

2016/8/22 CEPCTIIF 7% 13k g 34



Voxel occupancy [%]

CEPC Detector — TPC

Simulation of occupancy

Supported by F el EE

CLIC_ILD ~30%@3TeV
1 X6mm?2 Pads
CLIC_ILD ~12%@3TeV
1 X1mm?2 Pads
NO TPC Options!

New ideas for the ions

0 GEM+Micromegas hybrid module

Supported bylﬁﬁéﬁ)fﬁﬂ%ﬁéﬁ

ons
o0 vy x

Q

Q

GEM as the preamplifier device

GEM as the device to reduce the ion
back flow continuously

Stable operation in long time

0 Occupancy@250GeV
a Very important parameter for TPC
o Detector structure of the ILD-TPC like
o  ADC sampling 40MHz readout
o Time structure of beam:-4us/Branch
o Beam Induced Backgrounds at CEPC@250GeV(Beam halo muon/e+e-
pairs)+yy—hadrons with safe factors(X15)
3.0 1 0.8 1
2.5+ Simulation of background — Simulation of background
1X 6mm? Pads X 06 1X1mm?2 Pads
2.0 3
g
1.5 4 S, 0.4
N
. \(\62 ‘
] l“f\ 9‘6\\«\ 5
0.5+ M i N
0.0 : : : . . W 0.0+ . K’"""‘“’“"""‘W‘““
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600

TPC Half Length [mm]

2016/8/22

TPC Half Length [mm]

[ovz BICcKyom (3)

CEPCTIlif 5t 13t Jg

Reach to the higher gain than standarc
Micromegas with the pre-amplificatior
GEM detector

Increase the operating voltage of GEM
detector to enlarge the whole gain

S
RO
. (e\‘“\\ (e‘“e‘\
= \\eﬂv o0
. ot
L | L
0z 3 o4 [ 6 o7

Xetube Current (mA)

IBF of the hybrid module

Tnduction
Field

Annde Ton Fondhack ©

IBF of GEM

IBF of GEM and Mciromegas

Long drift length

defuoissanuc
>
1

H

:

:

H
iF g
23
¥
£ £

Particles track in th§léybrid module

aueid yug



CEPC Detector - TPC

Common efforts R&D

Collaboration for the IBF R&D:
ALEKSAN Roy (Saclay)

CEA Scalay (France) GAO Yuanning (THU)
ITHEP, Tsinghua Univ. (China) QI Huirong (IHEP)

Collaboration for the Laser calibration R&D:

Tsinghua Unviversity, Beijing LI Yulan (THU)
IHEP, Beijing DENG Zhi (THU)
Targets: QI Huirong (IHEP)

R&D of IBF used UV light
= Goal: ~0.1% IBEF, Resistive Micromegas modules, Hybrid modules

= Laser optical design

= TPC Prototype design with Laser calibration

= Readout active area: ~200mm?, Drift length: ~500mm

m  ASIC electronic readout
m Goal: ~32Chs/CHIP, Channels: ~1K

m Toward CEPC CDR

2016/8/22 CEPCTIAIT 78 3k i



CEPC Detector — Detector Magnet

L. Zhao et. al.
Funding: IHEP IF

2016/8/22

Key technology:

* Optimization of Magnetic filed
* Superconductor

* Inner winding and impregnating
* Coil cryogenic system

* Power lines with HTS

* Manufacturing and assembling of huge scale yoke

strandin

rocess _ insert process

Number of strands: 20 Number of strands : 17 Number of strands : 24 Number of strands : 18
Strand diameter: 1.0mm Strand diameter : 0.727mm  Strand diameter : 0.727mm  Strand diameter : 1.2mm
Materiel: Copper Materiel :Nb/T1 Materiel :Nb/Ti Materiel :Nb/Ti
Complete time:2015.5 Complete time:2015.7 Complete time:2015.8 Complete time:2016.2

Test results:
1.RRR value declined by about 1/3 after the stranding process.
2.The decrease of the critical current is less thanCSE/P.CTﬁ/ﬂ ﬁﬂ)ﬁé‘ Copper cable +Aluminum alloy 37




CEPC Detector — Software & Tools

G. Li, MQ Ruan, YQ Fang et. al.

Funding: IHEP IF

A dedicated analysis framework
Novices can start from root ...

Feed all types of

particle object to
the
for further

processing

2e+X, WU+X, JJ+2e, JJ+UN "

Missing
Particles

Data 2 ntupes = plots

PFA/PID/JER

Arbor v1 - v3(KD) +

cionc,

Total invariant mass T 4
-

Total Inv Mass for h->bb events Total Inv Mass for h->cc events Total Inv Mass for h->gg events e r

g fmse = 09
S = 8 [z = 3 E
= - - - 08
0.7

T |
il S

h( M: for h->WW ev ZZ ev 03

o 025

Red for Ar} |
BlueforPa [
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-
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Dedicated Isolate lepton and tau finder being optimized

gt 1T Analysis Tools
— A% & ffJshape information 1] F 7Efit .
— AJ DA (] B 0 5 0 B AT 4 T

P (GeV/C,

T T " [ ]
- L 107
10° W = "f-.,_
i -_ \\,\- ‘ --...;;;“;_'* ......
£ | \ L \
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= 1f = ¢ background g 'l 5:",.; L. = bb background
~ uds background = uds background
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_ Flavor Tagging: Slightly better than ILD DBD _
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CEPC Detector — Software & Tools

Physics analysis, PreCDR->now

A
Higgs
qq!
99
HH, YY
A
WW, ZZ,
Zy
[ w qq  Zboson
decay
Final state

2016/8/22

Significant progress had been made on
Br(H->bb, cc, gg)

Br(H->WW, Z2)
Br(H->exotic)

CEPCTHHT 7Tt &

PreCDR Now
o(ZH) 0.51% 0.50%
o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—cc) 21% 2.5%
o(ZH)*Br(H—gg) 16% 1.7%
o(ZH)*Br(H—WW) 1.5% 1.2%
o(ZH)*Br(H—ZZ) 4.3% 4%
o(ZH)*Br(H—T1T) 1.2% 1.0%
o(ZH)*Br(H—yy) 9.0% 9.0%
o(ZH)*Br(H—pp) 17% 17%
o(WH)*Br(H—Zy) - ;
|_o(wHyBr(H—bb) | 28% [ 28% |
Higgs Mass/MeV 59 5.0
o(ZH)*Br(H—inv)
Br(H—ee)
Br(H—bbyy, 4b) <103 | 95%.CL=3e4

39



G. Li, MQ Ruan, YQ Fang et. al.

CEPC Detector — Software & Tools

NEW geometry: CEPC_O_VZ shrink the ILD detector

New calo, TPC, and MDI
Smaller TPC& Calo sizes
* More details in MDI
* Detailed B field map

an important
step towards
sizing, design &
optimization of

LStar_zbegin 1150 1146.9
T 12 - the CEPC detector
VXD_radius_r1 12 1l
VXD_radius_r3 35 37
TPC_outer_radius 1500 1808
Heal nlayers 4 4 * Need more validation
it L s * To be released soon ...
Field_nominal_value 3 35
Yoke Layers 2 3
Plus:

e full simulation of all analyses
* two papers: one published and other answering the referee’s questions

2016/8/22 CEPCTIMI 7Lt @ 40



Special considerations at Z-pole

e Can TPC stand for (extremely) high event rate?
* Particle Identification (/K /p) for flavor physics?

* Special designs to reduce systematic uncertainties of
EW observables ?

- modified sub-detectors
or a new detector concept?

2016/8/22 CEPCTIHIF 73 fg 41
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CEPC — Web :Documentation and Meeting Annoucement
http://cepc.ihep.ac.cn/

3602 2EEE 8.1 > X =E e I8 =m (®* — O X
@ LR RE M+ Ahttp://cepc.ihep.ac.cn/| 4 v O al/REnrE Q

sl ~ [ FEes () a% Mk Q2 fRERETO | ICHEP2 [ links [ Links fo [ IMicroso [ IMSN M [ |Window [ REIEE £32345 [5 google [ IASPro EICFAM [B)ICHEP 2 @ The first [} EfImE » BEvE v
DO [ FER ISR AT X CEPC X \4 mail.ihep.ac.cnfcoremail/s/El: \4 mail.ihep.ac.cn/coremail/s/E|: \4 mail.ihep.ac.cnfcoremail/s/PTx | + oo

HOME ABOUT CEPC ORGANIZATION ~ RESULTS v WHYSCIENCE  JOINUS v pre-CDR Authorv

Future High Energy Circular Colliders

The Standard Model (SM) of particle physics can describe the strong, weak and electromagnetic CEPC preCDR volumes
interactions under the framework of quantum gauge field theory. The theoretical predictions of SN
are in excellent agreement with the past experimental nmeasurements. Especially the 2013 Nobel
Prize in physics was awarded to F. Englert and P. Higgs “for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of mass of subatomic particles, and
which recently was confirmed through the discovery of the predicted fundamental particle, by the
ATLAS and CMS experiments at CERN' s Large Hadron Collider™.

After the discovery of the Higgs particle, it is natural to measure its properties as precise as
possible, including mass, spin, CP nature, couplings, and etc., at the current running Large
Hadron Collider (LHC) and future electron positron colliders, e.g. the International Linear
Collider (ILC). The low Higgs mass of “125 GeV makes possible a Circular Electron Positron
Collider (CEPC) as a Higgs Factory, which has the advantage of higher luminosity to cost ratio and
the potential to be upgraded to a proton-proton collider to reach unprecedented high energy and
discover New Physics.

Panel Discussion on Fundamental Physics

‘L@ v, What’s new After the Higgs discovery:
lf AN Where is the Fundamental Physics going? o
=] @)

Q 100%

CEPC-SppC Study Group Meeting in September 2-3, 2016, Beijing

http://indico.ihep.ac.cn/event/6149/




Site selections (some main places)
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1) Qinhuangdao

2) Shanxi Province

3) Near Shenzhen and Hongkong
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Civil Construction
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ZHRYR: SNSRI

. Ejﬁ%ﬁ~ Rl &g i (70-80%) 5iziTH
BEXEHREELTD ?
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- HRRB], St ERBREHE
- DR&%: JERIE{(~100/53%7T). KIEHE(~1000/53% L) L]
(~2000-300075 BK 7C)
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International Collaboration

* Limited international participation for the pre-CDR
* An excise for us
e Build confidence for the Chinese HEP community

* International collaboration is needed not only because we need technical help
A way to integrate China better to the international community
* A way to modernize China’s research system(“open door” policy)

* A new scheme of international collaboration to be explored

* An international advisory board has been formed to discuss in particular this
issue, together with others

* A number of MoUs have been signed between IHEP and relevant labs, such
BINP and VINCA

2016/8/22 CEPCTIHIF 73 fg 49
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ESfS AN SRS hY

20134F6 H 12-14 H & L &P “FA T IE 5 R X i H L Higgs 1) (CEPC)+ &
R T XL (SppC)R IR H H se 3 & B i) B Eim A HLIE ”
SEEANENE “H EEENESEEE KR 54k K
1E S BT XfiE ML Higgs L) (CEPC) + B 4% i T X #EHL(SppC) R E R K H
BV R R ) B BRI

20142 A H bR R 3K 0 % 28 2% ;1 < (ICFA): “ICFA supports studies of
energy frontier circular colliders and encourages global coordination”

2014 FE7H WIICFAB X KR EB: “ICFA continues to encourage
international studies of circular colliders, with an ultimate goal of proton-

proton collisions at energies much higher than those of the LHC”

20165F2 H WHRRINEBFZ R < (ACFA) KL L H e EE A<
(AsiaHEP) KR BH: “The past few years have seen growing interest in
a large radius circular collider, first focused as a “Higgs factory", and
ultimately for proton-proton collisions at the high energy frontier. We
encourage the effort lead by China in this direction, and look forward to
the completion of the technical design in a timely manner”
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OPINION | COMMENTARY

China’s Great Scientific Leap Forward

Completion of a planned ‘Great Collider’ would transform particle physics.

Together to the next frontier

Aseme

Taxrnd jump ahead,

tially complete. Still aby
for the Higgs prediction]
community is feeling
pause, reflect and consi

it will change

kyer calls for the next
nated on a global scale.

Aseme WME
= “If China does

Tllinois, I have spent the past six months in
discussions about the future of US particle
physics. But particle physics isan interna-
tional pursuit, with projectsin and partici-
pants from many different countries. The
United States is well positioned to take the
lead in some areas, such as neutrino phys-

[0 [he The Higgsbosonis t§ ics, but the global landscape is uncertain.
the standard model of| Resources need to be pooled, and new
the model does not exp) th e lands cap e players are emerging. Ching’s and India’s
tal aspects of our Unny talent, infrastructure and ambitions must

of science.”
©

V]
sids N —
Switzerland border near Geneva. PHOTO: GETTY IMAGES

By DAVID J. GROSS And EDWARD WITTEN
Sept. 24, 2015 7:22 p.m. ET

Atias, one of two general-purpose detectors at CERN's Large Hadron Collider below the France-

Chinese President Xi Jinping’s visit to Washington is an excellent

opportunity to recognize China’s

to the global

community, and to foster more cooperation between the US. and

China in many areas of science, especially particle physics.

The discovery of the Higgs particle at Europe’s Large Hadron Collider
in 2012 began a new era. It confirmed an essential feature of the 40-
year-old Standard Model of particle physics, a missing ingredient that

trino’s very small mas
dark energy, we know|
on. But where might thy
origin of their tiny ma)
the early Universe. Fe
US proposal to build a long ne
experiment, running 1,300 kilomet:
Fermilab to the Homestake mine in Sou)
Dakota. An ambitious 35-kilotonne liquid
argon detector located nearly 1,500 metres
below the surface emerged as the preferred
project when the US community met in
Minnesota for a ten-day planning sympo-
sium in July. It would help us to understand
neutrino masses and whether these parti-
cles contribute to the matter-antimatter
asymmetry of the Universe.

With the total construction budget near-
ing $1 billion, the experiment will require
international partners — a new approach
for US domestic science. The US Depart-

“If China does
jump ahead,
it will change
the landscape
of science.”

'ter turning off the
Fermilab’s Tevatron
accelerator in 2011
and failing to realize
the Superconducting
Super Collider in the
1990s. Perhaps the

high-energy baton could be passed back to
the United States. Fermilab is still a world
leader in high-field magnets for proton
accelerators, which would be necessary for
any 100-TeV proton-proton collider.

To add to the suspense, there is the
changing role of China. Historically a

now be factored into the global equation.
‘We are at a critical moment for the
field. Each country and major project »

Fermilab and the High Energy Accelerator
Research Organization (KEK) in Tsukuba,
Japan: these are the only places where large
particle-physics projects are currently fea-
sible. Demands from emerging economies
such as China to host other projects will
challenge the long-term plans of the exist-
ing leaders. Scientists in the United States
and Earope will have to find out how best to
use international competition asa spur for
advancing projects on their own soil while
still being good international partners. This
may become tricky.

Higgs bosons are not export-controlled,
nor are pictures of deep space from advanced
telescopes. But the technologies developed,
often through international collaborations,
may have dual use — for defence applica-
tions or for economic gains, for example, as

was needed to make the whole structure work. But the T ' ment of Energy’s Office of Science has indi-
Steve Nadis left many questions unanswered. These in@E(Fl 'j ggj LJJ [ J‘l&% cated that it would support such a major small player in particle physics, it last wellas for science. Countries will have
particle, the unification of all subatomic forces, and the incorporation proposal if there was involvement from year stepped onto the world stage with to decide Fowto oversee and exploit these

Shing-Tung Yau

of quantum gravity—issues that must be addressed if scientists wish

to understand the origin of the universe.
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