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CEPC-SppC outline

« ACEPC (phase I) + SppC (phase Il) was proposed in -
* F,=120GeV for CEPC IHEP, Sept. 2012

— Limited by beamstrahlung & SR
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CEPC — The Physics Case

The discovery of H(126) = golden opportunity
Ordinary Matter - The Standard Model BSM new physics searches
Quarks (a.k.a. our best theory of Nature)
Mediate Matter
Interactions a0 New Physics Scales to be Probed at CEPC via dim-6 Operators
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S. Ge, H. He, R. Xiao, 1603.03385

Higgs: it interacts with all fermions and W/Z
Is it connected to DM, DE?
Experiment with the H: portal to the new world? Pre-CDR

CEPC directly / indirectly: probes new physics ~10s TeV scale
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Institute of High Energy (P/iyszcs




Physics goals of CEPC-SppC

e*e Higgs & Z factory

E.,~ 240GeV, luminosity = 3x103*cm2s, 2 IPs, >1M Higgs in 10 years
E. ~ 91GeV, luminosity > 1x103%*cm2s?, 2 IPs, 101°Z /year

cm

Precision measurement of the Higgs boson and the Z boson

p-p collider

Higgs precision

1% or better

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 ~2022;
CEPC - possible accelerator based particle
physics program in China after BEPCII

Precision measurement + Discovery:
Complementary with each other !
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Physics potential

Relative Error

Precision of Higgs couplingmeasurement(Contrained Fit) A
Electroweak Fit: S and T Oblique Parameters
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. The nature of Higgs boson & EWSB, + flavor physics...

Higgs signal strengths (In kappa framework): expected accuracy roughly 1 order of
magnitude better than HL-LHC

Absolute measurement to the Higgs boson: 2-3% level accuracy of Higgs boson
width, 10-3 - 10-5 up limit to Higgs invisible/exotic decay modes (improved by at least
2 orders of magnitude comparing to HL-LHC)

Improve EW measurement precision by at least 1 order of magnitude



Pheno-studies: EFT & Physics reach

precision reach at CEPC with different sets of measurements

i CEPC 240GeV (5/ab), Higgs measurements (e - hZ / yvh), rates only
0.10+ B CEPC 240GeV (5/ab), Higgs measurements only (e"e - WW not included)
7| [l CEPC 240GeV (5/ab), e'e™= vvh not included
| [l CEPC 240GeV (5/ab), angular asymmetries of é'e”— hZ not included
(5/ab).
)

| ] CEPC 240GeV (5/ab), all measurements included
0.08" B CEPC 240GeV (5/ab) + 350GeV (200/fb)

- dark shade: individual fit assuming all other 10 parameters are zero

0.061

_ G.Durieux, C. Grojean, J. Gu & K. Wang
0.04} https://arxiv.org/pdf/1704.02333.pdf

precision

0.027
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The Physics reach could be largely enhanced if the EW measurements is combined
with the Higgs measurements (in the EFT)



Higgs @ CEPC
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Observables: Higgs mass, CP, o(ZH), event rates ( o(ZH, vvH)*Br(H—>X) ), Diff. distributions
Derive: Absolute Higgs width, branching ratios, couplings



CEPC-SPPC Timeline (preliminary and ideal)

CEPC current time
n o Te] o
~ N (32]
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N N N N
Pre-studies En inee?igr:D Desian Construction Data taking
(2013-2015) g g ~eslg (2022-2030) (2030-2040)

(2016-2022)

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

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

3 Milestone: CEPC CDR progress Report (by the end of 2016);

4t Milestone: CEPC CDR Report (by the end of Aug 2018);

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

R&D and CDR Engineering Design Construction
(2014-2030) (2030-2035) (2040-2050)

« CEPC data-taking starts before the LHC program ends around 2035 1% Fi

hrysics

SPPC

2020
2030
2040

* Possibly con-current, and complimentary to the ILC



Pre-CDR, Progress report, and CDR are available now

http://cepc.ihep.ac.cn
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CEPC-SPPC
Preliminary Conceptual Design Report

Volume Il - Accelerator

The CEPC-SPPC Study Group
March 2015

CEPC-SPPC
Progress Report (2015 - 20.
Accelerator

CEPC CDR was released in Aug. & Oct., 2018

Public release of printed CDR volumes in
IHEP on 14th Nov., 2018

IHEP-CEPC-DR-2018-02

IHEP-EP-2018-01

IHEP-TH-2018-01

CEPC CEPC

Conceptual Design Report ]
e A Conceptual Design Report

Volume | - Accelerator
Volume I - Physics & Detector

The CEPC Study Group
August 2018

The CEPC Study Group
October 2018



Progress and updates - CEPC CDR

Luminosity vs. CM energy

e’e” Collider Luminosities

° "o L H —e— FCC - Amsterdam 2018
Clrculal’: & —m— CepC - Amsterdam 2018
RS L csiznazos
offers higher lumi. @ LE t Eg7 e e Lum e TR e
- : —=#—— CLIC 99% - Rebaseline 2016
:}unprecedented Z,W,-l—H pl‘()gram g ~ ———— CLIC total - Rebaseline 2016
mature technology E 102_\ o
HE synchrotron light source (?) - - B
b o
very long term: pp upgrade path E W, :
Linear: ks ‘H |
L3 L L L3 L3 1071 : I . ; ' : : : : : 3 ! I :
very impressive Higgs precision o 1 {5 Gev

best Lumi. at higher energies, or only option for VHE ' Pedeschi INFR-Pisa

circular & linear colliders are ideally
complementary to each other
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Progress and updates - CEPC CDR

] . == * Double ring baseline design (30MW/beam)
Lumi. Higgs W Z Z(2T) Switchable between H and Z/W w/o
%103 293 115 16.6 32.1 hardware change (magnet switch)
Use half SRF for Zand W
Could be optimized for Z with 2T detector

Luminosities exceed those in the pre-CDR

Booster

/"‘"\
Electron Ring

Positron Ring

/ 1.3 GHz SRF system for \
I Booster Ring (on top of \
\ 650 MHz SRF system ) | CEPC

\ \ Linac

SRF system location of CEPC (two RF stations)

Layout of 650 MHz SRF system for Collider Ring



CEPC accelerator design

Electron

DT sooster

Positron
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Three rings in the sane channel: I
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Beam current (mA) <0.8 L

Emittance in X (nm rad) <3.6

Dynamic aperture >36 (normalized by linac beam size) 45/1 2 0 G ev
Energy acceptance >1%

Timing Meet the top-up injection requirements




21 MV/m
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Injector linac (base-line design)

------- 21(3)kys. Bacceltbe  3Kys. 6 accel.tube 19(3) kys. 76 acce. tube 20 (4)Kiys. 116 accel. tube
ESBS FAS PSPAS SAS
Parameter Symbol Unit Baseline Design reached
e /e beam energy E,/E,, GeV 10 10
Repetition rate Jrep Hz 100 100
N,/N,, >9.4x10° 1.9x101° /1.9x101°
e /et bunch population
nC >1.5 3.0
Energy spread (e /e™) o, <2x1073 1.5x10-3 / 1.6x10-3
Emittance (e /e") &, nm- rad <120 5 /40 ~120
Bunch length (e /e™) 0; mm 1/1
e beam energy on Target GeV 4 4
e bunch charge on Target nC 10 10

TRHAXREREN UL A

Institute of High Energy Physics



CEPC Linac Injector Damping Ring

Parameters, lattice and layout

DR V1.0 Unit
Energy GeV
Circumference M
Repetition frequency Hz
Bending radius M
Dipole strength B, T
U keV
Damping time x/y/z Ms
O %
€0 mm.mrad
Nature o, mm
Extract o, mm
Ein mm.mrad
Eext x/y mm.mrad
6inj /Sext %
Energy acceptance by RF %
frr MHz
Ve MV
Component Length (m)
Septum 2
Kicker 0.5

Value
1.1
58.5
100
3.6
1.01
35.8
12/12/6
0.049
302
7 (23ps)
7 (23ps)
2500
716/471
0.6/0.07
1.0

650
1.8

Waveform

DC
Half sin

B (m)

Deflection
angle (mrad)

77
0.2

4.50
4.15
3.80
3.45
3.10
2.75
2.40
2.05
1.70
1.35
1.00

Kickers and
Septa for

da

Circular Electron and Positron Collider (March 2014)
Windows version 8.51/15 25/08/16 17.44.07
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CEPC Linac Injector alternative: Plasma accelerator scheme up to 45
GeV (single stage)~120GeV (cascade) .

45 Gev EB
> Time = 800.00 [1/w, ]

Plasma linac|

-III]IITI|I1II|III- 0 0
45 GeV 200 ]

T W N

Plasma linac Il

RF Gun 300 MeV 5
HER- = | = 2
Target RaN E 10 N _ 400 E‘ 10 ~
’ : % %
Ring
°F M0 B
Plasma density ny,(cm™?) 5.15x10'¢ - | L
Driver charge Q4(nC) 6.47 =T e
Driver energy E,(GeV) 10 X[e/wj)
Driver length L, (um) 285 Trailor energy E.(GeV) 45.5
Driver RMS size o, (um) 10 Trailor normalized emittance
Driver normalized emittance 98.9
€nc(mmmrad)
10
€pqa(Mmmmrad) TR 3.55
0
Trailor charge Q,(nC) 1.25 Energy spreaq 0p (%) - 0.7
Trailor energy E,(GeV) 10 Efficiency (driver -> trailor) 68.6%
Trailor length L,(um) 35
Trailor RMS size o,(um) 5 The simulations show that plasma scheme _
Trallor  normalized  emittance 100 satisfies the CEPC booster requirement “;w{ {

€, (mm mrad)



Booster design
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e N Bunch number 242 1524 6000
SR B P Single bunch current| uA 2.3 1.8 1.3
1 . Beam current| mA 0.57 2.86 7.51
60 é Natural Energy spread] % 0.0078
B Synchrotron radiation loss/turn| keV 73.5
L 40
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s (m) x10* Beam energy (@ extraction GeV 120 80 45.5
The Geometry of CEPC booster Bunch number 242 235+7 1524 6000
Maximum single bunch current | pA 2.1 70 1.7 1.2
Beam current| mA 0.52 1.0 2.63 6.91
Energy spread | % 0.094 0.062 0.036
Synchrotron radiation loss/turn | GeV 1.52 0.3 0.032
Momentum compaction factor | 103 2.44
Emittance | nm 3.57 | 1.59 0.51
Natural chromaticity | H/V -336/-333
Betatron tune v,/v, 263.2/261.2
RF voltage | GV 1.97 0.585 0.287
Natural bunch length | mm 2.8 2.4 1.3
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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

*L*=2.2m, O¢c=33mrad, x*=0.36m, fy*=1.S5mm
Maximum gradient of quad 136T/m (3.8T 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 Z (3T1) Z (2T1)

Number of IPs %

Beam energy (GeV) 120 80 45.5

Circumference (km) 100

Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036

Crossing angle at IP (mrad) 16.5X2

Piwinski angle 2.58 7.0 23.8

Number of particles/bunch N, (10!%) 15.0 12.0 8.0

Bunch number (bunch spacing) 242 (0.68s) 1524 (0.21ps) 12000 (25ns+10%gap)

Beam current (mA) 17.4 87.9 461.0

Synchrotron radiation power /beam (MW) 30 30 16.5

Bending radius (km) 10.7

Momentum compact (10-) 1.11

B function at IP B */ B,* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001

Emittance /g, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016

Beam size at IP o, /o, (Lm) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04

Beam-beam parameters &/&, 0.031/0.109 0.013/0.106 0.0041/0.056 0.0041/0.072

RF voltage Vz-(GV) 2.17 0.47 0.10

RF frequencyf zr (MHz) (harmonic) 650 (216816)

Natural bunch length o, (mm) 2.72 2.98 2.42

Bunch length ¢, (mm) 3.26 5.9 8.5

HOM power/cavity (2 cell) (kw) 0.54 0.75 1.94

Natural energy spread (%) 0.1 0.066 0.038

Energy acceptance requirement (%) 1.35 0.4 0.23

Energy acceptance by RF (%) 2.06 1.47 1.7

Photon number due to beamstrahlung 0.1 0.05 0.023

Lifetime _simulation (min) 100 .
"

Lifetime (hour) 0.67 1.4 4.0 | 2.1 s'(

F (hour glass) 0.89 0.94 0.99

Luminosity/IP L (10**cm2s?!) 2.93 10.1 16.6 [ 32.1




IR Design

Collar, outer radius 31.5mm

Beam pipe, inner radius10mm, outer

radius 13mm
Quadrupole coil, inner radius20mm,

-

outer radius 26.5mm

Shield coil, outer radius 33.5mm

Helium vessel, inner radius 17mm
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RF & Arc regions
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Accelerator physics study

(2)y/e,) 12

Beam-beam simulation with strong-strong model
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Beam tail distribution with crab-waist collision.
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Detector & physics

- 2

STImasge

Baseline detector: pixel vertex detector,
silicon inner tracker, a TPC, Si external tracker,
ECAL, HCAL, 3 T B-field, embedded muondetector

Alternative detector

Preshower

DCH Rout =200 cm

DCHRin = 30cm

| Detector height 1100 cm

CalRin = 250 cm

Cal Rout = 450 cm

Yoke 100 cm

) Magnet z= + 300 cm ”

YRHLTD L PRUE fy

Full silicon tracker Institute of High Energy Physics
+baseline detector



CEPC Detector: more compact & updated for CDR

preCDR (2015)

CDR (2018)

10°

10°

10

H—gg events - a

CEPC_PreCDR

E GDiJetMass= 4' 7Ge

E_ | Illul

Entries 9900
Mean 125
RMS 6.997
%%/ ndf 458.7 /86
Constant 704.2 + 10.1
Mean 12501
Sigma  5.348 + 0.053

cleaned

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

all

10° |

CEPC_CDR

i_o-JietMass= 49 G

80

Entries 19117
Mean 1249
RMS 753

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

T
cleaned

Entries 12543

1251
RMS 54
#2  ndf 265.7/62
Constant 1008 + 12.1
Mean 1252+00

Sigma 4.859 +0.039

100 120 140 160 180 200

Di-Jet Mass (GeV)"=¢"

CDR CEPC detector:

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

No visible impact on

physics performance



From CDR to TDR

e Refine all sub-systems of damping ring, booster & collider rings

— All connecting transfer lines matching the collider accelerator chain
requirements

— Detector bakgroud reduction, beam-beam for long lifetime
— MDI optimization and SC magnets' design
— Magnets' studies with H, W, and Z all modes

e Upgrade possibility studies
e Key technologies

— High current positron source

— High Q superconducting RF cavity and high power coupler
e Max. operation Q = 2x1019@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



CEPC SRF system layout

Inj (LSS5) Inj (LSS2)

RF Section A RF Section B

et gy | — o — — — — o — —

1 Ring

&
-
a

|
|
H x’ux-
| -
|
W & 7]Mo
| -
|
|
ceizontal Cressing
Leagitudinal sepanexa

|
RF Section A

 Two Collider Ring RF Stations CRFA1 (84

cavities in 14 cryomodules) and CRFA2
(84 cavities in 14 cryomodules) (blue)

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

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

>

fi

Common collider cavities for H, independent for W & Z ics



CEPC SRF cavity & cryo-module
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The civil construction of the EP facility is on
going, and the commissioning will be at the
end of 2018.




New SRF infrastructure at Huairou District, Beijing

BT
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PR

e Platform of Advanced Photon Source tech. R&D (PAPS), supported by
Beijing local government and mainly constructed for the High Energy
Photon Source (HEPS), could be used for SRF development

4500 m2 SRF lab

“—

e w [,l"j( > ; y “‘..' '.e »: >
L High Enérgy Photon e\ SRF Lab
= ». Source (HEPS) 37 > . et
- = ': Beam Test
. Magnet
",,"' " ;'.‘." " " ]
1 PAPS /1 RS
» 2017 - 2020 ~.. Construction: 2017 — 2020 ”

e Ground breaking: May 31, 2017 :(



High Efficiency Klystron Development

Established “High efficiency klystron collaboration consortium” , including THEP & %
IE(Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech. :

= 2016-2018: Design conventional & high efficiency

klystron P Conventional High
= 2017 - 2018: Fabricate conventional klystron & test arameters efficiency | efficiency
= 2018 —-2019: Fabricate 1t high efficiency klystron & test | Centre frequency (MHz) | 650+/-0.5 650+/-0.5
= 2019 - 2020: Fabricate 2" high efficiency klystron & test Output power (kW) 300 800
= 2020 - 2021: Fabricate 3" high efficiency klystron & test [ cam voltage (kV) 20 i
Beam current (A) 16 -
Efficiency (%) ~ 65 > 80

Gain: 50.26 dB
Pout: 896.806 kW .

C.Eff.. 99.57 %
K. Eff.. 73.18 %
Total: 72.87 %
Error: 027 %

Cavity Voltages

. ! | } ‘" nnnnnngnnnn nangnnannnn 1n'
1 0.8580 kV T . ) wisie 2150 : cenl | Sd B8 & .-

2 146476KV | °® . : » y —— !

3 11.3694 kV
4 208124 kV
5 37.0779 kV i [ . ]
6 1053550 kv | 7w A"

2227 2623

=  73%/68%/65% efticiencies for 1D/2D/3D Mechanical design of conventional klystron 'f
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R&D on the low field dipole magnet of booster

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

- Supported by IHEP workshop

LTLOCLE LT U) TLEIC AI0CT Y ) L 18 yOrcy



Candidate sites of CEPC

QingHuangDao, Hebei (completed preCDR)
Huangling, Shaanxi (2017.1 signed contract to exp.
ShenShan, Guangdong, (completed in August, 201

- wn R

T A

Institute of High ‘Lnergy Physics



Construction
difficulty

Project layout

Eaumuung

\

=

#

Moderate

?

Relatively difficult

Huangling (100km)

=]

Relatively easy
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CEPC is conducting country-wide site VISItS and study
Local government agencies are very receptive and supportive to CEPC.
CDR study is based on site 1 (Qinhuangdao).



CEPC power estimation

. Location and electrical demand(MW)
System for Higgs surf Total
, (30MWw) Ring [Booster|LINAC| BTL | IR [>U"'2¢ | (mw)
building
1 RF Power Source 103.8 0.15 5.8 109.75
2 Cryogenic System 11.62 0.68 1.72 14.02
3 Vacuum System 9.784 3.792 0.646 14.222
4 Magnet Power Supplies 47.21 11.62 1.75 1.06 0.26 61.9
5 Instrumentation 0.9 0.6 0.2 1.7
6 Radiation Protection 0.25 0.1 0.35
7 Control System 1 0.6 0.2 0.005 0.005 1.81
8 Experimental devices 4 4
9 Utilities 31.79 3.53 1.38 0.63 1.2 38.53
10 General services 7.2 0.2 0.15 0.2 12 19.75
Total 213.554 | 20.972 | 10.276 | 1.845 7.385 12 ( 266.032 >
Location and electrical demand(MW)
System for Z Surface Total
¥ Ring |Booster| LINAC| BTL | IR rtace | (vw)
building
1 RF Power Source 57.1 0.15 5.8 63.05
2 Cryogenic System 291 0.31 1.72 4,94
3 Vacuum System 9.784 3.792 0.646 14.222
4 Magnet Power Supplies 9.52 2.14 1.75 0.19 0.05 13.65
5 Instrumentation 0.9 0.6 0.2 1.7
6 Radiation Protection 0.25 0.1 0.35
7 Control System 1 0.6 0.2 0.005 0.005 1.81
8 Experimental devices 4 4
9 Utilities 19.95 2,22 1.38 0.55 1.2 25.3
10 General services 7.2 0.2 0.15 0.2 12 —19-75—
Total 108.614 9.812 10.276 | 0.895 7.175 12 148.772

266MW

149MW
YRHALRD RGN T A
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International collaboration

» Strengthen cooperation with CERN
» Joined CALICE collab., ILD TPC collab., RD collab.s

» Firstinternational workshop on CEPC in Europe — Rome 2017

» Next one will in Oxford, UK, April 15-17, 2019

» Fourth CEPC IAC meeting (Nov. 14-16, 2018)

to focus on international collaboration and other aspects

YRHALRD RGN T A
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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
— 3 b
T — s FEX AR Tsinghua —— a}ﬁ%&g% iz
P SRR TR TR I 2% RSO BEE IR WE A (2015) i kg e S LMIERI 5t 7 IHEP {EmAE: St
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
A3 T 10 AR BT 978(2015)

TR PRGN R BT (016 WLES  TEM REmEE | ~60M RMB CAS-Beijing fund, talent program
3 TTHGEMR T2 407 i 2% 0 (2015) e miake s | HE

e R A A 3 TR T T T % (2016) [T S8 A TR ) i BE BRI AT B %‘ NSOOM RMB Beijing fund (Iight source)

BT g A S R R |‘$‘1, " ,\:::Q L A . _ — . e
(I;.cu)—]::s; S5 e S ) PR AR ) 45 1) S B WF 7 i a4 kg s B IEI

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

HEES B %ﬁﬁ%i‘llm’iﬁ!ﬂ MR (BE) REXF
HEREA: BET

(TSRS PN i BE VI ELBE A BT

. LS R ST S
5% (2016) R T 4% R RS T

K T-CePca) /1242 7 (2016) (= ERAt ieh AEA) LI FE T J

funding needs for carrying out CEPC design and 1% %% % # il 4% #
R&D should be fully met by end of 2018 e of Figh BnenpyiEysics



CEPC - path to realization

ﬁq&“ 3

Chinese Government: “actively initiating major-international science project...”
[E /& [(2018] 575-(2018.3.14) http://www.gov.cn/zhengce/content/2018-03/28/content 5278056.htm

Focuses on “frontier science, large-fundamental science, global focus,
international collaboration, ...”

 Byyear 2020, 3-5 projects will be chosen to go into “preparatory stage”,
among which 1-2 projects will be selected. More projects will be
selected in later years.

* The task of selecting the projects, and develop them further falls on the
Ministry of Science and Technology (MOST)

e MOST committees formed, are writing the guidelines

* This is a likely path to realize CEPC. We are paying close attention to this
opportunity

YRHASEEDRBE R A
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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.)



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
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Design of 12-T Fe-based Dipole Magnet

Field quality in the aperture
<3*104 within 2/3 bore
(ROXIE simulation results)

z ‘\\1 S s S NN -
i \ SIIIIZILIN NI
m () SOOI RE B S
: ~ | SEAEE NN
Field 2Dwith 3D with RN I PPy
quality R=13.3mm R=8/133mm ____ .. ... ° 2% 25 &%  Flare ends
b3 0.45 0.79/1.91 A
b5 1.01 -0.65/-2.24 e m xR bk P e
b7 0.46 0.08/0.67 SRR /A
b9  -0.27 013/022  -ZIIIIANN 1 IooIIIIiT
a2 3.53 11.00/-2.31
a4 0.49 -0.46/0.69
a6 0.33 0.26/2.49
a8 0.58 10.12/0.84

alo 2.23 0.06/2.18




R&D of High Field Dipole Magnets

Fabrication of the 1 model dipole magnet (NbTi+Nb;Sn)

Institute o 1gh Energy Physics




Domestic Collaboration on HTS

“Applied High Temperature Superconductor Collaboration (AHTSC)” formed in Oct. 2016.
Including 18 institutions and companies in China. Regular meeting every 3 months.

> Goal :

a) 1) To increase the J_ of iron-based superconductor (IBS) by 10 times, reduce the cost to 20
Rmb/kAm @ 12T & 4.2K, and realize the industrialization of the conductor;

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

c) 3) Realization and Industrialization of IBS magnets and SRF cavities.

» Working groups: 1) Fundamental sciences study; 2) IBS conductor R&D; 3) ReBCO
conductor R&D; 4) Bi-2212 conductor R&D; 5) Performance evaluation; 6) Magnet and
SRF technology.
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CERN & China Collaboration

China will provide 12 units CCT corrector magnets for HL-LHC before 2022
A 0.5m model and 2. 2m prototype to be fabricated and tested by June 2019

0.5m model magnet
China Version

More collaboratlon in future is expected between CERN and Chma'

" XAl £ gy~ ’ © |
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Summary

1. The CEPC CDR was finished and just public releaséd
at IHEP, China, with the design of 100-km double-
ring;

2. R&D for CEPC/SppC got the support of funding but
need more, especially 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. Both CEPC & 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 |



