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Reminder about the CEPEppC

e*e Higgs (Z) factory
E..° 240GeV]uminosity ~ 22 10%* cm?s 1, 2IP 1M H in 10 years
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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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e*e Higgs (Z) factory
Ring length ~ 100km
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BEPCII will likely complete its mission ~2020s;
CEPCT possibleaccelerator based particle physics program in China after B



Current (temporary) CEPQrganization
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CEPC Schedule (ideal)

CEPC
Te] o Te] o 7o
- N N (32 (2]
& ‘ & & & &
s R&D E
Pre-studies . . . Construction Data taking
Engineering Design
(2013-2§15) (2016.2022) (2022-2030) (2030-2040)
design issues design, funding seek approval, site decision
R&D items R&D program construction during 14 5-
preCDR Intl. collabration year plan
site study commissioning

A CEPC dattaking starts before the LHC program ends
A Possibly corcurrent with the ILC program

November 6, 2017



Baseline CEPC



Baseline CEPC

U Baseline design & options for the Conceptual Design Report
circumference=100km E.,=240 GeV, power per bea®30MW
design luminosity ~210**cm?s?t (240 GeV)

13 10%4cmrst (91 GeV)
two layouts:
double ring as the default;
advanced local double ring as an option

two independent detectors

U Benefits

mature technologies, Z+ZH program

high energy ppoption beyond the Higgs(Z) factory
e synchrotron light source (?)



Booster

CEPC Accelerator Chain = =

Main
Collider

Energy Ramp
10 ->45/120GeV

10 GeV Electron
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Booster
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—— MES==
Three rings in the sane channel; L ==
> CEPC & booster ===
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Booster Cycle (0.1 Hz)

Double Ring
Common cavities for Higgs

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

U The CEPC accelerator design

U The CEPC detectordesign

U Theory and physicsperformance

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



Layout of CEPC-SPPC DR 2017
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RF Station (Higgs,
Z, 7-HL)

= 4300 m :
Layout and hardware satisfying both the Z and the H programs
L =2 10%%cmr?s? (at E,,=240 GeV)
L =B 10%*cm2si(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 19.2 971 465 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
EJ/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
Vier (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,,../IP (1034 cm-2g1) 2.04 2.0 5.15 11.9 1.1

Preliminary results showso-existence of Z/H programare possible
Reconfiguration of CEPC can lead\toemuch 9é&tter luminosity at the Z poléfactory




Progress report, along with thereCDRis 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
PreCDR2015) sy CDR (2017) H- ggevents

CEPC_PreCDR
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Di-Jet Mass (GeV
No visible impact on
physics performance 15

CDR CEPC detector:
Double ring geometry & MDI desiﬁén*mlplemented

ber 6, 2

HCAL reduced to 40 layers (from 48 in pr’e&]ISR)



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 16




Status and major development

The R&D program

Funding and support

Site selection

JAC and International collaboration
Reachout & engagement with the public

C: C: C: C: C:
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Key Components

HOM coupler
1kW

HOM absorber

5kwW

1.3 GHz TESLA cavity (high Q high gradient

study)

Vto learn, develop and master the processing and
production skills for making CEPC components;

V enhance quality and costeduction of elements

650 MHz
2-cell cavity & tuner
5-cell cavity
Q>2E10@20 650 MHz
MVim variable coupler
300 kW
650 MHz & 1.3

GHz cryomodul
<5W@2K

- 1.3 GHz
variable coupler
. ©20kw




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;
Vaws5¢ AL LAY UdZNY O2y i NA §,dzi




N-doping - vertical testof CEPC 650MHz singlecell cavities at IHEP

A Post NdopingQ, increased obviously at low field for bothvities50St
Q,=7el0@Eacc=10MV/m. But Qdlecreased quickly at high field (>10 MV/m).

A 650S2: Quench at96.9e10@Eacc=8.8MV/m.
A Next, increase Qat high field by improving Ndoping technology.

Qo
9.0E+10
-
BOE10 —ny *e
! Quench(@8.8MV/m
OE+ —."l-.qal.‘
TOE+10 A L 4 Before N-doping (65051)
W "
6.0E+10 by
-, N » After N-doping (650S1)
5.0E+10 : :W\
I + Before N-doping (63052
40E+10 ) ‘L.‘A ", ping (65052
| |
S 0E+0 ?' '.1. AAA‘ ’.,’. » After N-doping (650S2)
. . A
205410 Multipacting .'g.. A ”.’
at 2.0K ",
1LOE+10 .
0.0E+00 ‘ ‘ . . ‘ .
0 5 10 15 20 2 30 CEPC 650MHz
Eacc(MV/m) single-cell cavity for

vertical test



A New SRF Facility

Platform of Advanced Photon Source Technology
R&D, Huairou Science Park, Huairou, Beijing
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WANPIN = | i,
| cfhod 2017--2019

/00M RMB funded by city of Beijing

AConstruction: May 201% June 2020

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

November 6, 2017

Construction: 2017 - 2019
Ground Breaking: May 31, 2017

4500 m2 SRF lab

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



¢ 8 tunners

« 1 BPM

Cryomodule Development and Production for SCLF

SCLF Cryomodule Performance

e 1.3GHz 8x9cell cavity-string
¢ 8 power couplers
*  167NHOM couplers
¢ 1 Magnetic shielding

e 1 sc magnet

¢ 1 cryotat

Cavity Performance

Cryomodule Performance

RF frequency 1.3 GHz
Temperature 20K
Cavity length 1.038 m
Vertical test >25 MV/m
Operation >16 MV/m
Qo >2.7x1010

CW RF Voltage > 128 MV
Dark current <1nA
Heat load 2K <93WwW
5K <25W
45 K <215W

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
~38m underground) at Zhang-Jiang High Tech Park,
across the SSRF campus in Shanghai;

» 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
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.

Nominal performance of the SCLF linac

IHEP will provide one testryomodule(8-cavities),

and 100 9cell cavities for SCLF
excellent exercise for CEPC

LH i HL BC1 L2 BC2 L3
CM02-03 CMO04-21 CcM22-75
P Y
N —] 120 MeV 270 MeV 2. 1 G v eV
12 A 85 A 1500 A 1500A
No. of Avail. | Powered. | Gradient | E, a,out | ozout | ¢y Rss
CM’s | Cavities | Cavities | (MV/m) | (MeV) | (mm) | (%) (mm)
L0 1 8 7 16.3 120 1 0.04 0
L1 2 16 13 13.6 320 1 0.383 |-12.7
HL 2 16 15 12.5 270 1 1.468 | -150
BC1 - - 270 0.144 1.468 =55
L2 18 144 135 15.5 2148 0.144 0.368 | -29
BC2 - - 2148 0.0072 [ 0.368 =37
L3 54 432 406 15.5 8653 | 0.0072 | 0.086 | 0

November 6, 2017 25



SppC Design Scope (201701 version)

A Baseline design Top priority: reducing cost
i Tunnel circumferencet00 km Instead of increasing field
U Dipole magnet fieldi2 T,ron-basedHTSechnology (IBS)
U Center of Mass energy70 TeV
U Injector chain: 2.1 TeV

A Upgrading phase
U Dipole magnet field20-24T,IBStechnology
U Center of Mass energyl25 TeV

U Injector chain: 4.2 TeV (adding a higimergy booster ring in the main tunnel
In the place of the electron ring and booster)

A Development of highfield superconducting magnet

technology

U Starting to develop required HTS magnet technology before applicainle
basedwire isavailable

U ReBCQ@ Br2212and LTSviresbe used fomodel magnet studieandas an
option for SPPGtressnanagement, guench protection, field quality
control and fabrication methods

November 6, 2017 26
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Collaboration on HTS

AApplied High Temperature SuperconductorCollaboration (AHTSG) was formed in Oct
2016 with >13 related institutes & companiesand 50 scientists& engineersto advance

HTSR&Dand Industrialization
u GoaE

1) To increasethe J. of IBSby 10times,reducethe costto 20 RmbkAm@ 12T &
4.2Kin 10years,andrealizethe industrializationof the conductor,
2) Toreducethe costof ReBC@ndBr2212conductorsto 20 RmbkAm@ 12T &
4.2Kin 10years
3) Realizatiorand Industrializationof iron-basedSREechnology
U Working groupsE 1) Fundamentalscienceinvestigation 2) IBS conductor R&D 3)
ReBCQ@onductorR&D 4) B212conductorR&D 5) performanceevaluation 6) Magnet
and SRRechnology

U Collaborationmeetings every2~3 months
Funded by CAS, more expected from MOS
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CEPC Funding

EXRERMATK v 2016

BB R
HEP seed money e

Ministry of Science and Technology

11 M RMB/3 years (20 132017 Requested 45M RMB; 36M RMB approved
R RETR IE 51 F AR S MR A X
IR RAHR: R
HRBET: AR RE ARG
H—RR T MES MRNE L REAN A
feRa7E: MRS
HER AT HEB

RIRBA: (A KEXEF

THRA&ZE L . HED

~60M RMB CASBeijing fund, talent program
~500M RMBBeijing fund (light source)

year 2017 funding request (45M) to MOS
and other agencies under preparation

funding needs for carrying out CEPC design and
R&D should be fully met by end of 2018



