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Phase 1: e*e" Higgs (Z) factory two detectors, 1M ZH events in ~10yrs
Circular Electron Positron Collider (CEPC)
E_,~240GeV, luminosity ~2x10%* cm2s7!, can also run 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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CEPC design goal

* Limit SR power to 50 MW per beam

 CEPC: single ring, head-on collision, up to 250 GeV (preCDR)
FCC-ee: double ring, large crossing angle, up to 350 GeV

—
<

~ . FoCes(cabWay o CEPC:
m LG 106 H|ggs
_LC(LumiUpgrade) | qqi07

) - - FCC-ee:
.. ¢ - R R 107Pﬁggs
______ . ] 1012-13 y 4

2

—
O

Luminosity [10** cm2s1]

- S N I | I L. P - - |

T T T S R ol
0 1000 2000

September 2, 2016 4



CEPC and SppC

Accelerators progress and status

Gao Jie’s presentation this morning; parallel sessions

September 2, 2016



The CEPC Accelerator preCDR + beyond

CEPC Accelerator Baseline Design
Single ring: cheap, low lumi.

~ Energy Ramp . . . -
6710 GeV  [ioctron 10 ->120GeV Double ring: expensive, high lumi
m Booster Local Double ring: a balance?
Positron
/injection CEPC Accelerator local double rings
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J Gao et. al.

CEPC-SppC Accelerator: considerations & progress

» CEPC-SppC parameter space (map) scan (Done)
. Ring circumference from 54km-100km (CEPC and SppC)
. Energy (Higgs, Z, W), luminosity, beam ridiation power, crossing angle

» CEPC design with four option proposals (Done) - . .
Main ring options: Pretzel (head-on), Partial Double Ring (PDR), Do
Advanced Partial Double Ring (APDR), Double Ring (DR) underway

» CEPC main ring collective effects for Higgs and Z energies (Done)
» CEPC MDI designs with head-on collision and with crossing angle (Done)

» CEPC boosters with too option proposals (Done)
. Low Field Scheme (LFS) and Alternating Field Scheme (AFS)
(Done with good DA satisify CDR)

» CEPC injector (e+e-) with two option proposals (Done)
. S-band injector and C-band injector (S-band satisfying CDR)
. Injector damping (Done)

» CEPC key technologies + R&D (localted and partil start)
*  650MHz Kklystron, 650MHz 5 cell and 2 cell cavity, Nitrogen dopping, instrumentation...
* 1.3Ghz 9cell cavity (done)

> SppC lattice and minimum ring circumferce question (Done) DA optimizations IS
underway



CEPC Accelerator Luminosityvs Circumference

J. Gao et. al.

Preliminary
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CEPC Accelerator Group: obtained parameters for partial double ring,

various length (54km, 88km, and 100km). See J. Gao’s talk.



CEPC and SppC

The detector & the simulation

Much progress — talks at parallel sessions
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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

QDo

LumicCal Vertex

(m]

- Similar performance requirements to ILC detectors
_ Momentum: 0y, <5x107 GeV~ « recoiled Higgs mass

— Impact paragneter: o =5@10/(p-sin2d) um <« flavor tagging, BR
- Jet energy: EE ~3-4%  — W/Z di-jet mass separation

Sub-detector groups consider design options, identify challenges, plan R&D
September 2, 2016 10



Ouyang Qun, HB Zhu et. al.

CEPC Detector — Pixel Vertex Detector

v 15t submission - Joint submission with IPHC last November;

v'received 12 (+20) diced sensors (more on the way);

Funding from Key Lab, IHEP

v'Aimed to evaluate the charge collection performance with
different diode geometries, substrate properties and potential
radiation tolerance;

DAQ system being developed to characterize the pixel sensors; design
also compatible with the commercial NI platform

Pixel Sensor Characterization

Interface to Sensor

ASIC
Periphery

Daughterboard

Interface 1o Motherboard

o/

[ Interface ta FPGA Board 1

Interface to Daughterboard

DAC

Motherboard

5

,‘4 FPGA Controller

PCIE K]

Ethemet |

UsSB

FPGA Board

Design simulated and verified; daughterboard/motherboard schematics
completed; on-going effort on PCB design/DAQ software

Auxiliary instruments: TCT system (ready), beat source platform (being
set up), irradiation facility (contacted), SmartScope (being ordered),
beam telescope (to be constructed) and more ... fo improve the general
infrastructure for silicon detector development

DAQ System

Details in Qun’s Talk

2"d Submission

» Digital output with prototype designs of in-pixel electronics (e.g. high
gain and low noise CSA, or differential amplifier/two-stage amplifier +

latch) and readout architecture (zero suppression, XYZ readout ...)

3.2 mm: 128 col
1 o O o I >

| )
i v -
=== s
Biasing § l Gmm R%8 pl)(

. _ 64 row
] -
:
o

Mother ~<

TCT System ok for

ddreks line

Last row also used for analog
Teadput
0. 15mm ﬁvveblage DACs, anaz?f’og readout chain

Yz . <
"Scan logic (Anaolog readout for
test)

0. 5mm

Pertphery Readourtogtc
0. 25mm Power, Analog Pads, Digital Pads

In-pixel electronics designs XYZ readout
(sub-matrix 1-4)

» Design in progress, target submission: early 2017

September 2, 2016 11



CEPC Detector — TPC H. R. Qi et. al.

Minimize the effect of ion backflow;
Properties of a CEPC TPC subdetector

Test of the GEM-MMG module Supported by F L GIF LS

a Test of GEM+Micromegas module GEM+MMG 2GEMs + MMG Micromegas only
o  GEM and Bulk-Micromegas 420LPI 450 LPI 430 LPI
(IHEP) ( Yale University ) (Yale University )
o Assembled and test
o Active area: 50mm X 50mm ~0.5% (0.3 -0.4)% (0.4 -1.55%
: lon Back Flow ' ; . Edrift= (0.1-0.4)

Edrift = 0.25 kV/iem  Edrift = 0.4 kV/cm

0 X-tube ray and X-ray radiation source kV/icm
0 Simulation using the Garfield <GA> 3000~4000 2000 2000
S ted GEM gain: 1~10
a Sep;llra e : g.aln e e-parameter(=IBF*GA) 15~20 6~8 8~30
2 Stable operation time: more than ours SEM+Mic o oot X e
. (.FM Micromegas Module with X-ray E _resolution ~16% <12% <= 8%
Source: %Fe, Gas mix: Ar(97) +iC4Hq(3)
m f Ne+CO2+N2, .
w o E — fzass com - Ar+I1CAH10  Ne+COZ,NevCF4, E(A:g;rji?mm 0)
e S = i Ne+CO2+CH4
e 3 . o 3 Sparking ( #4'Am) <108 <3.*107(Ne+CO2) ~ 107
Hv3 . s (N.Smirnov report) (S. Procureur report)
ST 5 Gain of GEM: ~5.2
Hr— ? o N Possible main
_m« faca) “E problem Thin frame More FEE channel #
» Goals CEPC TPC ALICE upgrade #
An example of the 55Fe spectra showing the correspondence between the 5.

location of an X-ray absorption and each peak.

Participating international collaboration (ILC, RD, ...)
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L. Zhao et. al.
Funding: IHEP IF

CEPC Detector — Detctor Magnet

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/Ti 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 thaws@tember 2, 2016 Copper cable +Aluminum alloy 13



CEPC Detector — Software & Tools

Physics analysis, PreCDR->now
[ st ]

Fast Simulation ‘

. PreCDR Now
A Extrapolation
- o(ZH) 0.51% 0.50%
Higgs o(ZH)*Br(H—bb) 0.28% 0.21%
o(ZH)*Br(H—cc) 21% 2.5%
qq, o(ZH)*Br(H—gg) 1.6% 1.7%
9 o(ZH)*Br(H—WW) 15% 1.2%
o(ZH)*Br(H—Z22) 4.23% 4%
O(ZH)*Br(H—TT) 12% 1.0%
" o(ZH)*Br(H—vy) 9.0% 9.0%
%W O(ZH)*Br(H—pp) 17% 17%
o(wWH)*Br(H—Zy) - ;
w22 oty | 2e% | 2o
zZy -
- Higgs Mass/MeV 59 5.0
[ vV qq £ boson Significant progress had heen made on
decay Br(H->bb, cc, gg) o(ZH)*Br(H—inv)
Final stafe Br(H->WW, ZZ) Br(H—ee)
Br(H->exotic) Br(H—bbyy, 4b) <10° | 9% CL=3e4
See Mangqi’s Talk
M.Q. Ruan
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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, desigh &
optimization of

LStar_zbegin 1150 1146.9
VXD_inner_radius 12 15 the CE Pc dete Ctor
VXD_radius_r1 12 15
VXD_radius_r3 35 37
TPC_outer_radius 1500 1808
Heal nlayers w0 48 * Need more validation
Eeal cellsshee 2 & * 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
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CEPC Detector — Software & Tools "< =0 =<

See his talk

Full Silicon Tracker for CEPC*

* cepc.ihep.ac.cn/~cepc/cepc_twiki/index.php/Pure_Silicon Detector

CEPCSID geometry

Implemented a full silicon detector option  _

2

in Mokka and tested in simulation and

reconstruction.

*The single muon tracking performance is

comparable to CEPC V1, meeting the

physics requirements. —_—————————————

= 11 | ‘ T ‘ -3
r 1 x10 z(m)
. + Default Fixed s BT .
1.05F » Silicon Fixed 1 3208 * Default Fixed Barrel 1 g 10— ‘ ‘ | 3
1 g 0.8F = Silicon Fixed 4 E 9f * Default Fixed Barrel =
1: < o7t E é 8f = Silicon Fixed 3
N > ] 7 i E 1 = E ]
[ W .1 Zosf E 7:—+ E
: z ] 1 & o ]
0.95- 1 0% | & ¢
[ ] 0.4 4 0O s 3
[ 3 E -+t E
0.9k g 0.3+ : 4§ 1.
02}‘_* { 3? + * -
[ ] F e : g ME s 2 e ;
0.85 : : - J - ! 0'15 +‘M ey Lilid 2: he M‘iﬁtt:
0 1 2 3 o AT oL 1 3
Theta 0 20 40 60 80 L S I
Pt 0 20 40 60 80 10C

//indico.1thep.ac.cn/event/6253/sess1on/3/contribution/8/material/shides/0.pdf Pt
September 2, 2016
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Weimin Yao et. al.

CEPC Detector — Software & Tools

Impact of Detector Coverage on B(H — invisible)

measurement and Search forH — z y decay at CEPC

*One of golas at CEPC is to measure zH

— qq invisible decay.

*Measurement of B(H — zy) is
sensitive to BSM at loop level.
*Due to small L*, detector coverage is

likely to be reduced, 6>10 to 20 deg.

*Initial study of zH — zzy — qqvvy

is promising to be 4 o with 5 ab™.

Sensitivity on B(H — invisible) % ' CEPC Simulation Preliminary N
O 350 \s=250 GeV, Lum=5 ab™ S+B 4
[cosd] < 0.985 0.966 0.940 N °F RS ;
. . < 300F
Signal with Br=0.1% | 294.331 | 286.853 | 273.194 o 350400
Eff of Signal 40.78% | 39.75% | 37.86% & 250 0-30+12
VB 231.6 | 2459 | 264.6 TR
Sensitivity 0.0787% | 0.0857% | 0.0969% 200¢
150F
e With 5 ab !, CEPC will have sensitivity on 1005
B(H — invisible) = 0.079% for |cosf| < 0.985 :
and 0.097% for |cost| < 0.940 50
« The sensitivity is worse by 23% by reducing g—————F——F5——

detector coverage from 6 > 10 to 20 degrees.

//indico.thep.ac.cn/event/6162/contributions/8/
material/slides/0.pdf

dm:sz - |V|Z [GeV]
//indico.thep.ac.cn/event/6253/session/5/contrib
ution/22/material/slides/0.pdf 7



Th eo ry A rich program at this meeting

11:00 - 12:00

14:00 - 16:05

16:20 - 18:00

Parallel Session I: Theory
Convener: Prof. Junjie Cao (Henan Normal University) Satu rd ay, 3 September 20 16

Location:  Conference Room 3

11:00

11:25

Towards precision theoretical description on high ¢ 08:30 - 09:20 Parallel Session I: Theory

progress of FDC project 25’ i . I .

Speaker: Prof. Jianxiong Wang (IHEP) Discussion within each working group on CDR and R&D plans
Quarkonium production at CEPC 25’ Convener: Prof. Jianping Ma (ITP)

Speaker:  Prof. Yanging Ma (PKU) Location: Conference Room 3

Parallel Session II: Theory
Convener: Prof. Yi Liao (Nankai University)

Location: Conference Room 3

14:00

14:25

14:50

15:15

15:40

Double parton scatterings at the 100 TeV SppC 25’
Speaker: Prof. Qinghong Cao (PKU)

Precision Higgs production 25’
Speaker: Prof. Lilin Yang (PKU)

CEPC and degenerate electroweakino 25’
Speaker: Prof. Jing Shu (ITP)

Searching exotic Higgs decay at CEPC 25’
Speaker: Dr. Hao Zhang (IHEP)

Interference effects on Higgs mass measurement at CEPC 25’
Speaker: Guang-Zhi Xu (Liaoning University)

Parallel Session III: Theory
Convener: Prof. Qing Wang (Tsinghua University)

Location:  Conference Room 3

16:25

16:50

17:10

17:35

Searching for dark matter at future high energy colliders 25’
Speaker: Dr. Pengfei Yin (IHEP)

New physics for neutrinoless double beta decay 20’
Speaker: Prof. Peihong Gu (SJTU)

Discovery potential of Higgs boson pair production through 4 lepton modes at a 100 TeV
collider 25’

Speaker: Prof. Qishu Yan (UCAS)

Measure the Shape of Effective Higgs Theory at an Electron-Positron Collider 25’
Speaker: Prof. Tao Liu (HKUST)

September 2, 2016 18



Th eo I’y Some of the very nice results have come out

Probing dark particles indirectly at the CEPC

Qing-Hong Cao (ClcQM, Beijing & Peking U. & Peking U., CHEP & Peking U.,
SKLNPT), Yang Li, Bin Yan, Ya Zhang (Peking U. & Peking U., SKLNPT) , Zhen
Zhang (Peking U., CHEP)

Apr 26, 2016 - 21 pages . . . .
Left-right non-linear dynamical Higgs
Nucl.Phys. B909 (2016) 197-217

(2016-08) Jing Shu, Juan Yepes (Beijing, Inst. Theor. Phys. & Beijing, KITPC)
DOI: 10.1016/j.nuclphysb.2016.05.010
e-Print: arXiv:1604.07536 [hep-ph] | PDF Dec 31, 2015 - 41 pages

e-Print: arXiv:1512.09310 [hep-ph] | PDF

Heavy Higgs Bosons at Low tan 3 : from the LHC to
100 TeV

Nathaniel Craig (UC, Santa Barbara) , Jan Hajer, Ying-Ying Li, Tao Liu (Hong
Kong U. Sci. Tech.) , Hao Zhang (UC, Santa Barbara)

May 27, 2016 - 23 pages

e-Print: arXiv:1605.08744 [hep-ph] | PDE
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CEPC and SppC

Site and civil engineering

September 2, 2016
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Site selections (example locations)

1) Qinhuangdao

2) Shanxi Province

3) Near Shenzhen and Hongkong

September 2, 2016

1)

2)

3)
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Site Selection

 Continue to work on site selection
* Previously investigated: 300 km north-east of Beijing
* A new possibility close to Hong Kong, invited by the local

government
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International Collaboration

» 2" |AC meeting will ke place in November 7-8, 2016.

> Establishing collaborative research with foreign institutes
through MOU with IHEP

 What’s the mode for an international CEPC project?

Key subject of discussions at this meeting
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R&D Funding



Funding for Design and R&D

* [IHEP seed money
12 M RMB/3 years (2015-2017)
* Chinese Ministry of Sci. & Technology

~ 90 M / 6 years (2016-2021)
15t grant of 36M RMB approved; 2" grant in 2018

* China National Commission on Dev. & Reform
No funding in 13t 5-year plan

e Other Sources (CAS, MOST, NSFC, ...)
seeking ~0.5 B RMB / 5 years for critical R&D

September 2, 2016 25



Funding for Design and R&D

B RE R &TTX
I B AR+

Ministry of Science and Technology
Requested 45M RMB; 36MM RMB approved

S HEM T IE S lE FXHENLME KSR 4P IB A S B HE
I B & FR: AR

FrB &l ARFRERLEHR
— R IR AR IR SR X BB AR5 AR
eyl b e
HEFF B HEHRB
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mBfzEA: =ET
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: Increasing support for CEPC D+RDby NSFC
R&D Fundmg - NSFC 5 projects (2015); 7 projects(2016)

CEPCHHxE &4 FR (2015-2016)
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Note 1: NCDR review and approval

« WK RKNZE AEE WE PiF RERHFAMEBUF 4 RHFAIME
BUF & RIFAMKRBIF GRIFARRBUT HEKE , AR X
R PHERA PHEXA D ARR.

- 11 A IACE R JLTF &3 235, JEH E CEPC.

- THPIHIZE 5% e 2 A1 2 TRUBIE B 7% 5K
» [FIRFCEPCE S HUM T BURF < T L2 #E & TAERISCH.

« Z5FENZE ), CEPCAE “+ A" YRR AT EEEXKEER
HiEEIRE .

July 28, 2016
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CEPC and SppC

Objectives



Objective for this meeting

* Orgagnization update: members of the Steering Committee,
the project management team

* New funding request: plan and team

* Design of the CEPC accelerator and detector: plan and team
* CDR, R&D plan and execution

* International collaboration

Objective for 13t 5-year plan period

* Complete CDR and critical R&D
* Be ready to construct the CEPC in 14t" 5-year plan

September 2, 2016
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Summary

Much progress in design and R&D
First MOST and NSFC grants for CEPC
Seeking more R&D funding

Continue design and R&D, move towards CDR

Let’s work together to make it happen

September 2, 2016
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