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CEPC-SppC outline
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Physics goals of CEPC-SppC

e*e Higgs & Z factory
E.,~ 240GeV, luminosity >2x103*cms, 2 IPs, 1M Higgs in 10 years
E.,~ 91GeV, luminosity >1x1034cm=s?, 2 IPs, 101°Z /year
Precision measurement of the Higgs boson and the Z boson
Upgradable to pp collision with E_, = 50-100 TeV (with ep, HI options) in the
tunnel of CEPC

A discovery machine for BSM new physics

BEPCII will likely complete its mission ~2020s;
CEPC - possible accelerator based particle physics program in China
after BEPCII

Precision measurement + Discovery:
Complementary with each other !
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CEPC-SPPC Timeline (preliminary and ideal)
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(2016-2022)

1st Milestone: Pre-CDR (by the end of 2014) ;

2nd Milestone: R&D funding from MOST (in Mid 2016);

37 Milestone: CEPC CDR Status Report (by the end of 2016);

4t Milestone: CEPC CDR Report (by the end of 2017);

5t Milestone: CEPC TDR Report and Proto R&D (by the end of 2020);
6t Milestone: CEPC construction start (2022);

R&D and CDR Engineering Design Construction
(2014-2030) (2030-2035) (2038-2045)
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Candidate site of CEPC-SppC

ShenShan, Guangdong, (completed in August, 201
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Project layout

Construction
difficulty
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Progress report, along with the preCDR, is available at

S RN

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 :‘:,f:{



CEPC accelerator design
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Injector linac (base-line design)
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Booster design
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Beam Energy(GeV)

Higgs w Z

Injection Energy (GeV) 120 80 45.5
Bunch number 286 1044 2180
Bunch Charge (nC) 0.62 0.173 0.077
Beam Current (mA) 0.532 0.542 0.504
e
Number of Cycles 1 5 5
Current decay 3% 3% 3%
Ramping Cycle (sec) 10 6 2
Injection time (sec) 28 185 318
Collider Lifetime (hour) 0.33 3.5 7.4
Injection frequency (sec) 37 383 811

= 7 30Gauss @ 10GeV

§ . Eddy current effect




Key parameters of current CEPC ring

*100km circumference, double ring with 2 IPs
*Matching the geometry of SPPC as much as possible
*Adopt twin-aperture quads and dipoles in the ARC
*Detector solenoid 3.0T with length of 7.6m while
anti-solenoid 7.2T

*Maximum gradient of quad 151T/m (3.7T in coil)
*Tapering of magnets along the ring

*Two cell & 650MHz RF cavity

*Two dedicated surveys in the RF region for Higgs

and Z modes
Maximum e+ beam power 30MW & e- 30MW

*Crab-waist scheme with local X/Y chromaticity

correction

Common lattice for all energies.




Parameters of CEPC double ring

Higgs W VA | ’/)

Number of IPs 2 ("’%
Energy (GeV) 120 80 45.5

Circumference (km) 100

SR loss/turn (GeV) 1.68 0.33 0.035

Half crossing angle (mrad) 16.5

Piwinski angle 2.75 4.39 10.8

N,/bunch (10!9) 12.9 3.6 1.6

Bunch number 286 5220 10900

Beam current (mA) 17.7 90.3 83.8

SR power /beam (MW) 30 30 2.9

Bending radius (km) 10.9

Momentum compaction (10-) 1.14

Bp X/y (m) 0.36/0.002

Emittance x/y (nm) 1.21/0.0036 0.54/0.0018 0.17/0.0029

Transverse o, (um) 20.9/0.086 13.9/0.060 7.91/0.076

E/E/IP 0.024/0.094 0.009/0.055 0.005/0.0165

Ver (GV) 2.14 0.465 0.053

f »rz (MHZ) (harmonic) 650 (217500)

Nature bunch length o, (mm) 2.72 2.98 3.67

Bunch length o, (mm) 3.48 3.7 5.18

HOM power/cavity (kw) 0.46 (2cell) 0.32(2cell) 0.11(2cell)

Energy spread (%) 0.098 0.066 0.037

Energy acceptance requirement (%) 1.21

Energy acceptance by RF (%) 2.06 1.48 0.75

Photon number due to beamstrahlung 0.25 0.11 0.08 -
Lifetime due to beamstrahlung (hour) 1.0 .
Lifetime (hour) 0.33 (20 min) 3.5 7.4 03l AR #i
F (hour glass) 0.93 0.96 0.986 rgy Physics
| L,,,/IP (10**cm2s) 2.0 4.1 1.0




Accelerator physics study

Beam-beam simulation with strong-strong model
e With full crab waist, Higgs energy, beta_y = 1mm, Lifetime: 400min
e Working point: (0.54, 0.61) with v, = 0.0272

e In Phase <xz> oscillation in the first few hundred collisions
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Linear lattice design
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Dynamic aperture study

» DA requirement for Higgs (with errors, crab sextupoles and beam-beam)

* On-momentum: 200, x 400,
* Energy acceptance: 1.1%

» Multi-sextupole optimization

* Two methods:
- Downhill Simplex
- MODE (Multi-Objective optimization o o

by Differential Evolution)

e Effects included in DA tracking
- Synchrotron oscillation
- Damping + quantum excitation
- Sawtooth + tampering

10

-10

20 b

» DA still the bottleneck of CEPC accelerator design

» Plans for improvement

* Increase Bx* — reduce nonlinearity and requirement for DA bandwidth

* Lengthen quadrupole — reduce fluctuation effect
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IR design

v L*=2.2m, 0c=33mrad, px*=0.36m, Detector solenoid=3.0T
— Lower strength requirements of anti-solenoids (~7.2T)

— Enough space for the SC quadrupole coils in two-in-one type (Peak field
3.7T & 151T/m) with room temperature vacuum chamber

— The control of SR power from the superconducting quadrupoles.

— 1000
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IR design
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Technical system consideration

e Key technologies
— Polarized electron gun
— High current positron source

— High Q superconducting RF cavity and high power coupler
e Max. operation Q = 2x101°@2K
e Max. power of high power coupler = 300kW

— High efficiency klystron
e ~80% as the goal for 650MHz klystron
— Large scale cryogenics system
— Low field dipole magnet (booster)
— Electro-static separator for deflect two beams
— etc. g A

Institute of High Energy Physics



CEPC SRF system layout
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 Two Collider Ring RF Stations CRFA1 (84
cavities in 14 cryomodules) and CRFA2
(84 cavities in 14 cryomodules) (blue)

e One Booster RF Station BRFA (48 cavities
in 6 cryomodules) (orange)

e Straight section length between CRFA1
and CRFA2: 3686 m

H w
Collider Ring 650 MHz 2-cell cavity
Lumi. / IP (1034 cm2s™) 2 4 1
RF voltage (GV) 2.14 0.465 0.053
Beam current (mA) 17.7 x 2 90.2 83.7
Cavity number 336 108 x 2 12 x 2
SR power (MW) 30 30 2.9
2 K cavity wall loss (kW) 6.4 1 0.1
Booster Ring (extraction) 1.3 GHz 9-cell cavity
RF voltage (GV) 1.83 0.7 0.36
Beam current (mA) 0.53 0.53 0.51
Cavity number 96 64 32
RF input power (MW) avg. 0.1 0.02 0.01
2 Kwall loss (kW) avg. 0.2 0.1 0.03

Same cavities for H, W, Z and one-time full installation

Common collider cavities for H, independent for W & Z
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Outside of the ring
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N-doping for 650MHz SC cavity
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CEPC 650 MHz Cavity Cryomodule

e Structure is based on ADS cryomodule. High Q requirement drives new
design features (fast cool down and magnetic hygiene).

e Fast cool down rate is supposed to be 10 K/min during 45 K to 4.5 K.

e Ambient magnetic field at cavity surface should be less than 5 mG.
Magnetic shielding and demagnetization of parts and the whole module
should be implemented for the magnetic hygiene control

Overall length (flange to flange, m) 8.0
g Diameter of vacuum vessel (m) 1.3
Beamline height from floor (m) 1.2

Cryo-system working temperature (K)
Number of cavities and tuners
Number of couplers

Number of RT HOM absorbers

Number of 200-POSTs

Static heat loads at 2 K (W)
Alignment x/y (cavities) (mm) 0.5
Alignment z (mm) 2

a o N O O DN




SRF industrialization

TESLA FG 9-cell cavity by HERT (new vendor).
Processed and tested at KEK. Two more TESLA
cavities in fabrication by HERT (material delivered).
High gradient and N-doping / infusion study.

IHEP HERTO01 1! VT, Dec 15, 2016
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New SRF infrastructure at Huairou District, Beijing

&
3 a

e Platform of Advanced Photon Source tech. R&D (PAPS), supported b{f :
Beijing local government and mainly constructed for the High Energy
Photon Source (HEPS), could be used for SRF development
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R&D on the low field dipole magnet of booster

M To verify the magnet design and field simulation, a 1m long prototype dipolé
magnet (booster) was developed and measured

- Supported by IHEP workshop

Specifications of the dipole magnets

(from Pre-CDR)
Quantity: 5120
Magnetic length: 8m
Gap height: 40mm
Maximum field: 614Gs
Injection field: 31Gs
Repetitive frequency: 0.1Hz
Good field region: 52mm

Field uniformity: 5E-4 (0.015Gs@inj.)
Field reproducibility: 1E-3 (0.03Gs@inj.)

Linearity of excitation: 95%




CEPC Detector: more compact & updated for CDR

preCDR (2015)

CDR (2017)

10°

10°
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H—gg events - a

CEPC_PreCDR

E GDiJetMass= 4' 7Ge

E_ | Illul
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Mean 125
RMS 6.997
%%/ ndf 458.7 /86
Constant 704.2 + 10.1
Mean 12501
Sigma  5.348 + 0.053

cleaned

Entries 6458
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RMS 5.006
1%/ ndf 9464 /46
Constant 5394 +838
Mean 1249+0.1
Sigma  4.706 + 0.050

all
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%2 I ndf 1056/ 105
Constant 1305 £ 13.7
Mean 1251+ 0.0
Sigma 5521+ 0.041

T
cleaned

Entries 12543
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#2  ndf 265.7/62
Constant 1008 + 12.1
Mean 1252+00

Sigma 4.859 +0.039
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CDR CEPC detector:

Double ring geometry & MDI design implemented
HCAL reduced to 40 layers (from 48 in preCDR)

No visible impact on

physics performance



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 1Tm -
HCAL NLayer 48 40 Optimized on Higgs event at 250 GeV;

August 12, 2017
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From CEPC to SppC

e SppC Baseline design

Tunnel circumference: 100 km

Dipole magnet field: 12 T, using full iron-based HTS technology

Center of Mass energy: >70 TeV

Injector chain: 2.1 TeV

Relatively lower luminosity for the first phase, higher for the second phase

e Energy upgrading phase

Dipole magnet field: 20 -24T, full iron-based HTS technology
Center of Mass energy: >125 TeV

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

e Development of high-field superconducting magnet technology

Starting to develop required HTS magnet technology; before applicable iron-
based HTS wire are available, models by YBCO and LTS wires can be used for
specific studies (magnet structure, coil winding, stress, quench protection
method etc.)



SPPC main parameters (updated)

Parameter

Circumference

C.M. energy

Dipole field

Injection energy

Number of IPs

Nominal luminosity per IP
Beta function at collision
Circulating beam current
Bunch separation

Bunch population

SR power per beam
SR heat load per aperture @arc

Unit

km

TeV
T

TeV

cm2s!

ns

MW
W/m

PreCDR
54.4
70.6

20
2.1
2
1.2x103
0.75
1.0
25
2.0x10!

2.1
45

Value
CDR
100

75
12
2.1
2
1.0x103°
0.75
0.7
25

1.5x1011
1.1
13

Ultimate
100
125-150
20-24
4.2
2



Layout and tunnel cross-section

Tunnel cross-section

| SPPC Layout
A

LSS1_coll

""" | | T %
| 0.95 3.50 ; j
% 6.0 .

More space required for
CEPC double-ring scheme

LSS5 ext

LSS6_inj
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Collider Accelerator Physics

-Parameter list updating

Parameter Value
Main parameters

Circumference 100
Beam energy 37.5
Lorentz gamma 39979
Dipole field 12.00
Dipole curvature radius 104154
Arc filling factor 0.780
Total dipole magnet length 654420
Arc length 83900
Total straight section length 16100
Energy gain factor in collider rings 17.86
Injection energy 2.10
Number of IPs 2
Revolution frequency 3.00
Revolution period 3333

Unit

TeV

-

EEE

TeV

kHz
us

Total / inelastic cross section
Reduction factor in lnminosity

Full crossing angle

rms bunch length

mms IP spot size

Beta at the 1st parasitic encounter
rms spot size at the 1st parasitic encoun
Stored energy per beam

SR power per ning

SR heat load at arc per aperture
Cntical photon energy

Energy loss per tum

Damping partition number

Damping partition number

Damping partition number
Transverse emittance damping time
Longitudinal emittance damping time

147
0.85
110
755
6.8
195
345
9.1
1.1
12.8
18
1.48

235
1.17

keV
MeV

hour
hour

Physics performance and beam parameters
Nominal luminosity per IP 101E+35 cm’s”

Beta function at inifial collision 0.75 m

Circulating beam current 0.73 A

Nominal beam-beam fune shift imutper  0.0075

Bunch separation 25 ns

Bunch filling factor 0.756

Number of bunches 10080

Bunch population 1.5E+11

Accunmmlated particles per beam 1.5E+15

Normalized rms transverse emittance 24 pm .f m ﬁ% ?ﬁ% % % }f/Zﬂ% ;,(
Beam life time due to bum-off 14.2 hour Institute of High Energy Physics
Turnaround time 3.0 hour

Total cycle time 17.2 hour



Lattice design

e Different lattice designs
— Different schemes (100 TeV and 75 TeV @100 km)
— Lattice at injection
— Compatibility between CEPC and SPPC
— Arc cells, Dispersion suppressors, insertions
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Dynamic aperture study

e At collision energy
e At injection energy

(Sixtrack code)
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Beam-beam effects

e Studying different effects (just started)
— Head-on interaction
— Long-range interaction
— Pacman effects
— Orbit effects
— Coherent beam effects
— BB compensation methods (Electron lens, Compensation wires)
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Compatibility between CEPC and SPPC

e CEPC first to be built, with potential to add SPPC later

e Allow ep collision in the future, three machines in one tunnel: e
booster, ee double-ring collider, pp double-ring collider (keeping ee
detectors together with SPPC in doubt)

e Several rounds of interactions between CEPC and SPPC design
teams

e Layout: 8 long straights and arcs, LHC-like DS lattice, lengths for LSSs
CEPC double-ring layout- 100km SPPC layout- 100km

1250.—J

,/
Extr (LSS4)

P




Technical challenges and R&D requirements
-High field SC magnets

e Following the new SPPC design scope
— Phase I: 12 T, all-HTS (iron-based conductors)
— Phase Il: 20-24 T, all-HTS

e New magnet design for 12-T dipoles
e R&D effortin 2016-2018

— Cables, infrastructure
— Development of a 12-T Nb3Sn-based twin-aperture magnets
(alone, with NbTi, with HTS)
e Collaboration

— Domestic collaboration frame on HTS superconductors
(material, industrial and applications) formed in October 2016

— CERN-IHEP collaboration on HiLumi LHC magnets
SR HE D GBI UR f

Institute of High Energy Physics



Design of 12-T

Fe-based Dipole Magnet

C. Wang, E. Kong (USTC), Q. Xuetal.
A %
g2 =,1-= m (Bl (T YOke OD
24.3 mm / =r 500mm
A — 12,77
— e [ 12.10
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Domestic Collaboration on HTS

In October 2016, A consortium for high-temperature superconducting *
materials, industrialization and applications was formed in China, with
participation of major research and production institutions on HTS.

China is actually leading the development of Fe-HTS technology in the
world; world-first 100-m Fe-HTS wire was made by CAS-Institute of
Electrical Engineering in the last year .
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Other important technical challenges

e Collimation system: new materials to reduce
impedance and tolerate more heat deposit

e Very large scale cryogenics system: SC magnets, SRF,
beam screens

e Sophisticated beam feedback system: to control the
emittance heat-up and suppress beam instabilities

e Machine protection system: fast detection of abnormal
function, reliable beam abort (kickers and septa)

e There are also many technical challenges in building
high-power injector chain: e.g. RF systems for p-RCS

and MSS, fast ramping for SS
YA HE Bk PRUL

Institute of High Energy Physics



CEPC funding

SIS

.

ERERFLIY 2616
HEP seed money MERHR S

Ministry of Science and Technology

11 M RMB/3 years (2015-2017) Requested 45M RMB; 36M RMB approved

Increasing support for CEPC D+RDby NSFC

R&D Funding - NSFC ¢ i< (2015); 7 projects(2016) . ig;gmﬁ%%ﬁﬂmtﬁ*m%ﬂﬁ*ﬁﬁ
UL UiH
CEPCHIXE S 4 TR (2015-2016) EERHM /A AEBA PR &I kﬂ%ﬁiﬁ;}?iﬁ;&%ﬁ T
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P08 i 8 96 T BT 5 (2016) faEs IR AL RS USTC WAL HEH

CEPC i AU it [X 2900 R G0 Ve v SRR T 47 # Mz
(2016)

FH T T s R0 25 1) i 23 1« (IR ESONG 2005 1
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CEPCKI it [X 24 SR £5 R 4u 1 ¥ 11 WF 78(2015) R4 i e BE VIR 7E i ‘ year 2017 funding request (45M) to MOST
FIFFESS AP S e Tl s £ 00 45 72 ) 73 A FEE 1) . . .
and other agencies under preparation
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Collaboration and workshops

INTERNATIONAL WORKSHOP ON HIGH ENERGY
CIRCULAR ELECTRON POSITRON COLLIDER

http:llindico.ihep.ac.cnlevent/6618

* a major workshop on CEPC

- Young-Kee Kim, U. Chicago (Chair) Xinchou Lou, IHEP (Chair)
o I b I I I b Barry Barish, Caltech Qinghong Cao, PKU
g o a co a o ratlo n Hesheng Chen, IHEP Joao Guimaraes Costa, IHEP
Michael Davier, LAL Jie Gao, IHEP
Brian Foster, Oxford Yuanning Gao, THU
. Rohini Godbole, CHEP, Indian Institute of Science Hongjian He, THU
® exa m I n es R& D Statu S David Gross, UC Santa Barbara Shan Jin, IHEP
George Hou, Taiwan U. Gang Li, IHEP
Peter Jenni, CERN Jianbei Liu, USTC
Eugene Levichev, BINP Yajun Mao, PKU
Lucie Linssen, CERN Qing Qin, IHEP
® CD R - d raft Cha pte rS Joe Lykken, Fermilab Mangi Ruan, IHEP
Luciano Maiani, Sapienza University of Rome Meng Wang, SDU
- Michelangelo Mangano, CERN Nu Xu, CCNU
- a m aj o r p u S h Hitoshi Murayama, UC Berkeley/IPMU Haijun Yang, SJTU
Katsunobu Oide, KEK Hongbo Zhu, IHEP

Robert Palmer, BNL
. . John Seeman, SLAC

lan Shipsey, Oxford

CEPC organization update
Geoffrey Taylor, U. Melbourne
Henry Tye, IAS, HKUST
Yifang Wang, IHEP
Harry Weerts, ANL




China enterprise consortium promoting CEPC
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Summary

A A R .
.‘_‘ ]
AN 7

1. The CEPC CDR is now in progress at IHEP, China,
with the new design of double-ring;

2. R&D for CEPC/SppC needs the support of funding
and human resources;

3. Technological systems, both of CEPC and mainly
HTS magnet of SppC, are gradually developed, with
the support from industry in China;

4. From CEPC to SppC, a lot of work ahead, and more
budget and collaborations on R&D are expected.
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Thank you for your attentions !



