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Reminder about the CEPC-SppC

e*e Higgs (Z) factory
E_,~240GeV, luminosity ~2x10%* cm™2s7!, 2IP, 1M Hin 10 years B
at the Z-po]e 10107 bOSOHS/yr Higgs precision

1% or better
Precision measurement of the Higgs boson (and the Z boson)

Upgradable to pp collision with E__ = 50-100 TeV (with ep, HI options)
A discovery machine for BSM new physics
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BEPCII will likely complete its mission ~2020s;
CEPC - possible accelerator based particle physics program in China after Bl



Current (temporary) CEPC Organization
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CEPC Schedule (ideal)

CEPC ‘
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Pre-studies Engineeljia;;z Design Construction Data taking
(2013-2015) (2016-2022) (2022-2030) (2030-2040)
designissues  design, funding seek approval, site decision
R&D items R&D program construction during 14t 5-
preCDR Intl. collabration year plan
site study commissioning

* CEPC data-taking starts before the LHC program ends
* Possibly con-current with the ILC program

November 6, 2017



Baseline CEPC



Baseline CEPC

» Baseline design & options for the Conceptual Design Report
circumference=100km, E__=240 GeV, power per beam<30MW,
design luminosity ~2x103*cm?s! (240 GeV)

1x103*cm=2s! (91 GeV)

two layouts:
double ring as the default;
advanced local double ring as an option

two independent detectors

> Benefits

mature technologies, Z+ZH program

high energy pp option beyond the Higgs(Z) factory
~ synchrotron light source (?)



Booster

CEPC Accelerator Chain = =
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Two RF sections in total

Two RF stations per RF section X‘I ﬁﬁl‘

14 modules per RF station

28 modules per RF section

56 modules in total

Six 2-cell cavities per module

One klystron for two cavities 45/ 1 20 GeV




The Conceptual Design Report

» The CEPC accelerator design
» The CEPC detector design
» Theory and physics performance

CDR drafts by end of 2017, reviews and finalization in Spring 2018



Layout of CEPC-SPPC  cpRr 2017
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Layout and hardware satisfying both the Z and the H programs
L =2x10%*cm2s'1 (at E_,=240 GeV)
L =1x1034cm2s! (at E_=91 GeV) H



CEPC two shcemes towards CDR

CEPC Advanced Partial Double Ring Option Il

Layout of CEPC Fully Partial Double Ring

(Jan. 18,2017, SuFeng)
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CEPC Baseline Design CEPC Alternative Design
Better performance for Higgs and Z Lower cost and reaching the
compared with alternative scheme, without fundamental requirement for
bottle neck problems, but with higher cost Higgs and Z luminosities, under the

condition that sawtooth and beam
loading effects be solved

November 6, 2017 12



Parameters for CEPC double ring for CDR Goal  preliminary
(wangdou20170426-100km_2mmpy) i
Pre-CDR Higgs w z

Number of IPs 2 2 2 2 |
Energy (GeV) 120 120 80 45.5 |
Circumference (km) 54 100 100 100 |
SR loss/turn (GeV) 3.1 1.67 0.33 0.034 |
Half crossing angle (mrad) 0 16.5 16.5 16.5 |
Piwinski angle 0 3.19 5.69 429 11.77
N_/bunch (1011) 3.79 0.968 0.365 0.455 0.307
Bunch number 50 412 5534 21300 2770
Beam current (mA) 16.6 19.2 97.1 465 8 408.7
SR power /beam (MW) 51.7 32 32 16.1 1.4
Bending radius (km) 6.1 11 11 11 11
Momentum compaction (10-5) 3.4 1.14 1.14 4.49 1.14
£, /v (m) 0.8/0.0012 0.171/0.002 0.171 /0.002 0.16/0.002 0.171 /0.002
Emittance x/y (nm) 6.12/0.018 1.31/0.004 0.57/0.0017 1.48/0.0078 0.18/0.0037
Transverse o (um) 69.97/0.15 15.0/0.089 9.9/0.059 15.4/0.125 5.6/0.086
£/ E/IP 0.118/0.083 0.013/0.083 0.0055/0.062 0.008/0.054 0.006/0.054
RF Phase (degree) 153.0 128 126.9 165.3 136.2
Ve (GV) 6.87 2.1 0.41 0.14 0.05
f zr (MHz) (harmonic) 650 650 650 (217800) 650 (217800)
Nature o (mm) 2.14 2.72 3.37 3.97 3.83
Total o (mm) 2.65 2.9 3.4 4.0 4.0
HOM power/cavity (kw) 3.6 (5cell) 0.41(2cell) 0.36(2cell) 1.99(2cell) 0.12(2cell)
Energy spread (%) 0.13 0.098 0.065 0.037
Energy acceptance (%) 2 L5
Energy acceptance by RF (%) 6 2.1 1.1 1.1 0.68
n, 0.23 0.26 0.15 0.12 0.22
Life time due to 47 52
beamstrahlung cal (minute)
F (hour glass) 0.68 0.96 0.98 0.96 0.99
L,./TP (103%cm-2s-1) 2.04 2.0 5.15 11.9 1.1

Preliminary results shows co-existence of Z/H programs are possible
Reconfiguration of CEPC can lead to nvwcibetter luminosity at the Z pole — Z factory




Progress report, along with the preCDR, is available at

http://cepc.ihep.ac.cn

IHEP-CEPC-DR-2015-01

IHEP-AC-2015-01

CEPC-SPPC

Preliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group
March 2015

CEPC CDR will be completed at the end of 2017 14



CEPC Detector: more compact & updated for CDR

preCDR (2015) ========p  CDR (2017) Hogg events
10°
\ : CEPC_PreCDR
102 =
E 0-DiJetMass= 4'7Gev
b i= I |||u| I
10° =
; CEPC_CDR
=
10E_cjietMass= 4.9 GeV,
15_' ' '2|o' ' '4|o' ' 'Islo

80 100 120 140 160

CDR CEPC detector: Di-Jet Mass (GeV)

Double ring geometry & MDI design implemented No visible impact on

HCAL reduced to 40 layers (from 48'in preCDR) physics performance 15



CEPC Detector: more compact & updated for CDR

Feasibility & Optimized Parameters

Feasibility analysis: TPC and Passive Cooling Calorimeter is valid for CEPC

CEPC_v1 Optimized Comments
(~ ILD) (Preliminary)
Track Radius 1.8 m >=1.8m Requested by Br(H->di muon) measurement
B Field 35T 3T Requested by MDI
ToF - 50 ps Requested by pi-Kaon separation at Z pole
ECAL Thickness 84 mm 84(90) mm | 84 mm is optimized on Br(H->di photon) at 250
GeV;
ECAL Cell Size 5 mm 10 — 20 mm Passive cooling request ~ 20 mm. 10 mm
should be highly appreciated for EW
measurements — need further evaluation
ECAL NLayer 30 20-30 Depends on the Silicon Sensor thickness
HCAL Thickness 1.3 m 1m -
HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV;

November 6,

2017
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Status and major development

» The R&D program

» Funding and support

» Site selection

» |AC and International collaboration

» Reach-out & engagement with the public



CEPC “R&D”

preCDR identified: designs issues, site, key technologies and development plan
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v'to learn, develop and master the processing and
production skills for making CEPC components;
v’enhance quality and cost-reduction of elements



Main CEPC Ring SCRF Hardware Specification

Qualification Normal Operation Max. Operation

650 MHz 2-cell Cavity \H/rTr ;Elg % % Wﬂ :e'zr:n(; @16 MVim (long 546 @ 20 Mv/m

|1.3 GHz 9-cell Cavity | VT3E10 @ 25MV/m  2E10 @ 20 MV/m 2E10 @ 23 MV/m
650 MHz Input Coupler  HPT 400 kW sw 300 kW 400 kW
HPT 20 kW peak,
1.3 GHz Input Coupler 4 kW avr. < 15 kKW peak 18 kW peak
650 MHz HOM Coupler HPT 1 kW <0.2 kW 1 kW
650 MHz HOM Absorber HPT 5 kW <2 kW 5 kW

650 MHz Cryomodule

(six 2-cell cavities) staticloss5W @ 2K staticloss8W @ 2 K staticloss 10 W @ 2 K

tuning range and
resolution 400kHz/1Hz

amp & phase stability amp & phase stability amp & phase stability
0.1%, 0.1 deg 1%, 1 deg 0.1%, 0.1 deg

Tuner (MR & Booster) 200 kHz /1 Hz 400 kHz / 1 Hz

LLRF (MR & Booster)

v benefit from the ILC development;
v “R&D” will in turn gontribute to the ILC construction .




N-doping - vertical test of CEPC 650MHz single-cell cavities at IHEP

* Post N-doping Q, increased obviously at low field for both cavities650S1:
Q,=7e10@Eacc=10MV/m. But Q, decreased quickly at high field (>10 MV/m).

* 650S2: Quench at Q,=6.9e10@Eacc=8.8MV/m.
* Next, increase Q, at high field by improving N-doping technology.
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Eacc(MV/m) single-cell cavity for

vertical test



A New SRF Facility

Platform of Advanced Photon Source Technology Construction: 2017 - 2019
R&D, Huairou Science Park, Huairou, Beijing Ground Breaking: May 31, 2017
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*500M RMB funded by city of Beijing

*Construction: May 2017 — June 2020

*Include RF system & cryogenic systems
magnet technology, beam test, etc.

November 6, 2017 21



CEPC SRF R&D and Test at the PAPS Facility

 Advanced Superconducting RF Technology R&D for CEPC

— Preparation, diagnostics and test tools for high performance cavity
— Nitrogen-doping & infusion, NbsSn thin film for high Q and high gradient
— High resolution optical inspection, temperature and X-ray mapping, second
sound quench detection, defects local grinding ...

— Test facilities for key components of SRF accelerator
— Very high power variable input coupler with low heat load
— High power HOM coupler and absorber
— Components horizontal test with tuner and LLRF in low magnetic field

— Common cutting-edge research with ILC and SCLF (Shanghai XFEL) and
possible breakthroughs in Fe-pnictides superconducting cavity

November 6, 2017 22



Cryomodule R&D and Test at the PAPS Facility

 Develop High Performance Cryomodule Prototypes for CEPC

— Main Ring: 650 MHz 2 x 2-cell (4 m) and 6 x 2-cell (10 m) & Booster: 1.3

GHz 2 x 9-cell (4 m) and 8 x 9-cell (12 m)

— Cavity string clean assembly and cryomodule assembly

— High power test with strong flux expulsion by fast cool down

— Beam test with DC-photocathode gun and high efficiency klystron

 Demonstrate Mass-Production Capability for CEPC etc. Projects

November 6, 2017 23



Cryomodule R&D and Test at the PAPS Facility

CEPC SRF R&D Plan (2017-2022)

Two small Test Cryomodules (650 MHz 2 x 2-cell, 1.3 GHz 2 x 9-cell)

Two full scale Prototype Cryomodules (650 MHz 6 x 2-cell, 1.3 GHz 8 x
9-cell)

Schedule
— 2017-2018 (key components, IHEP Campus)
« high Q 650 MHz and 1.3 GHz cavities, N-doping + EP

« 650 MHz variable couplers (300 kW) , 1.3 GHz variable couplers (10
KW)

» high power HOM coupler and damper, fast-cool-down and low
magnetic module, reliable tuner

— 2019-2020 (test modules integration, Huairou PAPS)
« Horizontal test 16 MV/m, Q, > 2E10
* beam test 1~10 mA
— 2021-2022 (prototype modules assembly and test, Huairou PAPS)

November 6, 2017 24



Cryomodule Development and Production for SCLF

Shanghai Coherent Light Facility (SCLF)

» SCLF is a newly proposed MHz high rep-rate XFEL,
based on an 8 GeV CW SRF linac;
» This facility will be built in a 3.2 km long tunnel

SCLF Cryomodule Performance

e 1.3GHz 8x9cell cavity-string
¢ 8 tunners

¢ 8 power couplers

*  167NHOM couplers

¢ 1 Magnetic shielding
e 1 sc magnet

across the SSRF campus in Shanghai;

~38m underground) at Zhang-Jiang High Tech Park,

» This XFEL facility includes 3 undulator lines and ~10

experimental stations in phase one, it can provide
the XFEL radiation in the photon energy range of

« 1 BPM
¢ 1 cryotat

Cavity Performance

Cryomodule Performance

0.2 -25 keV.

» The project proposal was recently approved by the
central government in April 2017, and now it is in
the feasibility study phase, aiming at commencing
the tunnel construction in 2018.

RF frequency 1.3 GHz CW RF Voltage =128 MV
Temperature 20K . .
. Daifcauient R Nominal performance of the SCLF linac
Cavity length 1.038 m
Heat load 2K <93W
Vertical test >25 MV/m - i5 5
O eration >16 MV/m 5 K < 25 W tH CMO02-03 HL Bl CMO04-21 Be2 CcM22-75
i a5k <215W P e —
Q0 >2.7x10% | — 120 Mev 270 Mev 2.1'Gev 8.6 GeV
12 A 85 A 1500 A 1500 A
No. of Avail. Powered. | Gradient | E_,, a,out | ozout | ¢y R
. . . . CM’s | Cavities | Cavities | (MV/m) | (MeV) [ (mm) | (%) (mm)
IHEP will provide one test cryomodule (8-cavities),
e, ® L0 1 g 7 16.3 120 1 0.04 0
and 100 9-cell cavities for SCLF T SV S Y T N W 5 B
HL 2 16 15 12.5 270 1 1.468 | -150
. BC1 - - 270 0.144 1.468 -55
excellent exercise for CEPC 0 N S Y N T 2
L3 54 432 406 15.5 8653 0.0072 0.086 [4]

November 6, 2017 25



SppC Design Scope (201701 version)

e Baseline design Top priority: reducing cost!
> Tunnel circumference: 100 km Instead of increasing field

» Dipole magnet field: 12 T, iron-based HTS technology (IBS)
» Center of Mass energy: >70 TeV
» Injector chain: 2.1 TeV

* Upgrading phase
» Dipole magnet field: 20 -24T, IBS technology
» Center of Mass energy: >125 TeV

» Injector chain: 4.2 TeV (adding a high-energy booster ring in the main tunnel
in the place of the electron ring and booster)

 Development of high-field superconducting magnet
technology

» Starting to develop required HTS magnet technology before applicable iron-
based wire is available

» ReBCO & Bi-2212 and LTS wires be used for model magnet studies and as an
option for SPPC: stress management, quench protection, field quality

control and fabrication methods
November 6, 2017 26



Collaboration on HTS

“Applied High Temperature Superconductor Collaboration (AHTSC)” was formed in Oct.
2016. with >13 related institutes & companies and 50 scientists & engineers to advance

HTS R&D and Industrialization.
> Goal:

1) To increase the J. of IBS by 10 times, reduce the cost to 20 Rmb/kAm @ 12T &
4.2K in 10 years, and realize the industrialization of the conductor;

2) To reduce the cost of ReBCO and Bi-2212 conductors to 20 Rmb/kAm @ 12T &
4.2K in 10 years;

3) Realization and Industrialization of iron-based SRF technology.

» Working groups: 1) Fundamental science investigation; 2) IBS conductor R&D; 3)
ReBCO conductor R&D; 4) Bi2212 conductor R&D; 5) performance evaluation; 6) Magnet
and SRF technology.

» Collaboration meetings: every 2~3 months.

Funded by CAS, more expected from MOST
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CEPC Funding

ExRERM LI

I B R R B FY 2016

HEP seed money
Ministry of Science and Technology

11 M RMB/3 years (2015-2017) Requested 45M RMB; 36M RMB approved
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. Increasing support for CEPC D+RDby NSFC B &H: R
R&D Funding - NSFC ¢ projects (2015); 7 projects(2016)
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funding needs for carrying out CEPC design and
R&D should be fully met by end of 2018



CEPC Site Exploration
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1) QingHuangDao, Hebei (completed preCDR
2) Huangling, Shaanxi (2017.1 signed contract to exp.

3) ShenShan, Guangdong, (completed in August, 2016)




CEPC International Advisory Committee

Report:

The Second Meeting of
the CEPC (SppC) International Advisory Committee

November 20, 2016

The TAC has been impressed with an amount of work done by the CEPC-SppC team
since the first IAC meeting. There was significant progress on many fronts including
accelerator R&D, detector R&D, simulation and theory. Much CEPC accelerator-related
WOIK has been done to address future possibilities including the optimum circumierence,
advantages of single ring, partial double ring, advanced partial double ring, or double
rings, and crucial beam dynamics. Engineering work has concentrated on getting critical
accelerator R&D started, on site evaluations, and on getting Chinese industry involved in
new CEPC components. Three tunnel options are currently being considered: 54 km, 88




CEPC International Collaboration

Report:

The Second Meeting of
the CEPC (SppC) International Advisory Committee

November 20, 2016

CEPC still looks like a Chinese project owned by China. It 1s important to find a
mechanism that allows the international community to take some sense of
ownership. In order to get international support and participation, the scope of the
CEPC project must be clear, and its science case and future opportunities must be
powerful and attractive to the international community.

It is critical to get CEPC onto the regional strategic plans such as the European
Strategy (ES) and the P5 in the U.S. through grassroots community support. LP
2017, LHCP 2017 and TIPP 2017, which will take place in China in 2017, will
bring significant parts of the international community to China and will provide
opportunities to build relationships with potential international partners.

To enhance international participation, the IAC believes that CEPC working
groups should be co-led by a Chinese and a foreign member, and advises to set up

an International Steering Committee for the R&D phase.

v MOU, joint research, established collab. with ILC-TPC, HL-LHC,




CEPC Outreach, PR and Communication

» Colloqgiuia and outreach in Chinese universities
JERERE, FEBR, WLRFE, FILKRE, WWHRERKRKE, RKFE
HALR, iR, FE, KR, K, KEH, -

» Fragrant Hill Meeting on CEPC
» social media& news

» CEPC Web revamp



A forum to discuss and plan for major projects of national significance

Fragrant Hill Meeting on CEPC
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CEPCHR, WRIZFFMISUE Plan, Timetable, Approval Process

consensus on R&D program, ...
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Objectives

Conceptual Desigh Report a major push
Organization and global collaboration

R&D
Preparation for the realization of CEPC



Focuses

» CDR chapters available (parallel sessions), good time to contribute to the CDR
informal CEPC, SppC accelerator mini reviews (Nov. 4-5) at IHEP
informal detector-simu mini review (Nov. 10) at IHEP

» Organization
members & conveners of working groups
domestic advisory committee (on China related issues)

> R&D
design and performance study
Prototyping
infrastructure

» Preparation for the realization of CEPC
project management (IAC meeting)
industrial support and preparation (industrial consortium)
international collaboration and support
site exploration and design
funding agency, government support
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Institutional Board

Focuses

Monday, November 6, 2017

08:30 - 10:30 CEPC-SppC Overview: Plenary Session I
Convener: Prof. Yuanning Gao (THU) (Tsinghua University)
08:30  Openning Adress 10’
Speaker: Prof. Yifang WANG (IHEP)

0840 CEPC-SppC Overview & Objectives 25"

“Institutional Board meeting (to discuss future Cpesar ot et L0 R

09:.05 CEPC Physics CDR - status 20

organizations around the CEPC) today, and that = Saiark L (bt

09:25  CEPC accelerator CDR - status 25’
Speaker: Prof. Jie F7 (ESHERT)

one representative from each institution will be

Speaker: Joao Guimaraes Costa
10:10  SppC CDR - status 20’

invited to attend the meeting, either as a member < siigyi

10:30 - 10:40 Conference photo 10

or an observer. We advise the participants to 1040-1100  Coffee-Tea Break

11:00 - 12:15 CEPC-SppC Development and R&D: Plenary Session II

consult with colleagues at their home institutions 00, Sepc-oope restrachies - stoe sz

Speaker: Mr. Guoping Lin (BBiE(TE)

to determine if they will participate in this meeting”

Speaker: Prof. Yunlong Chi (Institute of High Energy Physics,Chinese Acade

1150  SppC super conducting magnet - status and plan 25’
Speaker: Dr. Qingjin XU (7S8EFT)

12:15 - 14:00 Lunch at IHEP Guest House Restaurant

[12:15 - 14:00 1B Meeting 1h45' (B410)
Speaker: Prof. Yuanning Gao (Tsinghua University)

Poster Session

16:00 - 16:30 Coffee-Tea Break
16:00 - 16:30 Poster
Convener: Joao Guimaraes Costa
Location:  Particle Cafe, 2nd floor
16:30 - 18:30

Detector & Physics I (detector concepts and system aspects): Parallel Session I
Conveners: Joao Guimaraes Costa, Dr. Massimo Caccia

16:30  Status of the CEPC magnet R&D 20’

November 6, 2017 37



Focuses

» Industrial Consortium (A214)

Nov. 7 Speaker: Dr. Jia Liu (Chicago)

12:30 - 14:00 Lunch at IHEP Guest House Restaurant

14:00 - 16:00 CEPC-Industrial Consortium (Presentation on CEPC, Procedure and Organization): Parallel
Session IV

16:00 - 16:30 Coffee-Tea Break & CEPC-Industrial Consortium meets with Press
CEPC-Industrial Consortium meets with Press

16:30 - 18:15 SppC IV: Discussion on the cold bore temperature
Convener: Prof. Jingyu Tang (IHEP, CAS)
16:30 Discussion on the cold bore temperature 1H45’

Speaker: Prof. Jingyu Tang (IHEP, CAS)
16:30 - 18:15

CEPC-Industrial Consortium II (Business): Parallel Session V

» Next workshop on CEPC

April 5-7, 2018 at Sun Yat-Sen University University, Guangzhou, China

http://indico.ihep.ac.cn/event/7388/
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http://indico.ihep.ac.cn/event/7388/

Summary

CEPC CDR is progressing

Design + R&D funding needs are largely met with various
sources; people are hard working on DRD

Build a stronger CEPC team w. intl. collab. & participation

For the very long future, economic HTS magnet program is being
explored in China with a carefully constructed consortium

Infrastructure, experience and engineering proficiency gained
through current projects (light source, CSNS, etc.) helpful for the
CEPC

Upon successfully completing the DRD program, we expect to
make the case to the national government for building CEPC (~5
years from now)



