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What is a (CEPC + SppC) (Q. Qin)

ÅCircular Higgs factory (phase I) + super pp collider 
(phase II) in the same tunnel

e-e+ Higgs Factory

pp collider 
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International Review (Feb 14-16, 2015)

 

1. The Committee considers the CEPC-SPPC to be well aligned with the future of 

Chinaôs HEP program, and in fact the future of the global HEP program. 

2. The design goals are well defined and comprehensive. We provided remarks and 

recommendations to improve the design, but we definitely consider this design 

to be credible and with sufficiently conservative assumptions. 

3. The great majority of the accelerator physics issues are adequately addressed, 

and after addressing our recommendations, we expect that all the accelerator 

physics issues would be adequately addressed. 

4. The designs of the technical systems and conventional facilities are effective for 

achieving the performance goals. 

5. We find the CEPC design compatible with the future upgrade to the SPPC. 

6. Technical risks and their potential impact were presented together with 

mitigation measures, while in some cases more study and R&D are needed. 

7. The R&D program is clearly defined, and while we recommended a few 

additional R&D items, the program is adequate. We further believe that this 

R&D program will be highly beneficial to the science and technology 

infrastructure in China and will contribute to its economy. 

8. We made a few suggestions for improvements of the design. 

 

International Review Committee Members: 

Ralph Assmann, DESY (Germany) 

Ilan Ben-Zvi, BNL (USA) 

Marica Biagini, INFN (Italy) 

Mike Koratzinos, CERN/U. Geneva (Switzerland) 

Eugene Levichev, BINP (Russia) 

Katsunobu Oide (Chair), KEK (Japan) 

Bob Rimmer, JLab (USA) 

John Seeman, SLAC (USA) 

Zhentang Zhao, SSRC (China) 

/ƻƳƳƛǘǘŜŜΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ǘƘŜ ŎƘŀǊƎŜǎΥ

Committee wrote a 17-page 
detailed report.



CEPC-SPPC Timeline (preliminary) 

6CEPC-SPPC Meeting, May 17-18, 2015W. Chou

R&D

Engineering Design

(2016-2020)

Construction

(2021-2027)

Data taking

(2028-2035)

Pre-studies

(2013-2015)

1st Milestone: Pre-CDR (by the end of 2014) Ÿ R&D funding request to Chinese government in 2015 

(Chinaôs 13th Five-Year Plan 2016-2020) 

CEPC

R&D

(2014-2030)

Engineering Design

(2030-2035)

Construction

(2035-2042)

Data taking

(2042-2055)

SPPC

2nd Milestone: 13th Five Year Plan R&D



CEPC Design ïTop Level Parameters
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Parameter Design Goal

Particles e+, e-

Center of mass energy 240GeV

Integrated luminosity (per IP per year) 250 fb-1

No. of IPs 2

SPPC Design ïTop Level Parameters

Parameter Design Goal

Particles p, p

Center of mass energy 70 TeV

Integrated luminosity (per IP per year) (TBD)

No. of IPs 2

Ý one million Higgs 
from 2 IPs in 10 years



Injectors
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CEPC Lattice Layout(September 24, 2014)
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One RF station: 
Å 650 MHz five-cell 

SRF cavities;
Å 4 cavities/module
Å 12 modules, 10 m 

each
Å RF length 120 m

4 IPs, 1038.4 m (944 m) each

4 straights, 849.6 m (944 m) each

8 arcs, 5852.8 m each

C = 54.374 km
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CEPC Design ïMain Parameters

Parameter Unit Value Parameter Unit Value

Beam energy  [E] GeV 120 Circumference  [C] m 54752

Number of IP[NIP] 2 SR loss/turn  [U0] GeV 3.11

Bunchnumber/beam[nB] 50 (48) Bunch population [Ne] 3.79E+11

SR power/beam [P] MW 51.7 Beam current [I] mA 16.6

Bending radius [r] m 6094 momentum compaction factor [ap] 3.36E-05

Revolution period [T0] s 1.83E-04 Revolution frequency [f0] Hz 5475.46 

emittance (x/y) nm 6.12/0.018 bIP(x/y) mm 800/1.2 (3)

Transverse size (x/y) mm 69.97/0.15 xx,y/IP 0.118/0.083

Bunchlength SR [ss.SR] mm 2.14 Bunch length total [ss.tot] mm 2.65

Lifetime due to Beamstrahlung min 47
lifetime due to radiative Bhabha
scattering [tL]

min 51

RF voltage [Vrf] GV 6.87 RF frequency [frf] MHz 650

Harmonic number [h] 118800 Synchrotron oscillation tune [ns] 0.18

Energy acceptance RF [h] % 5.99 Damping partition number [Je] 2 

Energy spread SR [sd.SR] % 0.132 Energy spread BS [sd.BS] % 0.096

Energy spread total [sd.tot] % 0.163 ng 0.23

Transverse damping time [nx] turns 78 Longitudinal damping time [ne] turns 39

Hourglass factor Fh 0.68 Luminosity /IP[L] cm-2s-1 2.04E+34

W. Chou CEPC-SPPC Meeting, May 17-18, 2015 10
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CDR Worklist (0)

General Comment:

Å Pre-CDR is easy

Å CDR is hard

Å Why? Because we leave all hard things to CDR!

Å But still, the Pre-CDR was a success:

ü made it possible to propose this project to the 
government in the 13th five-year plan

ü formed a CEPC-SPPC team

ü provided a baseline design

ü gave China the needed credit in the world HEP 
community that it is capable to carry out this project

W. Chou CEPC-SPPC Meeting, May 17-18, 2015
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CDR Worklist (3)

5. Dynamic aperture for L*= 1.5m, ̡y
*= 3mm

6. Pretzel scheme:

to complete a consistent design including beam orbit/optics in the arcs 
and IRs, dynamic aperture, beam-beam, beam injection, etc.

7. Investigating alternative designs:

W. Chou CEPC-SPPC Meeting, May 17-18, 2015
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CDR Worklist (4)

8. Saw-tooth orbit

Å 0.3% energy error within an arc

Å for single-pipe design, there is no way to correct it

Å various effects on the beam

9. To start machine errors analysis

10. To start corrector design

11. Arc lattice optimization, e.g.,

Å working point

Å horizontal emittance

Å phase advance

Å momentum compaction

Å bunch length and RF voltage

12. IR optics

Å optimize ̡ y at the sextupoles

Å including fringe field, solenoid and compensation, errors and tolerances

W. Chou CEPC-SPPC Meeting, May 17-18, 2015
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CDR Worklist (5)

13. Beam-beam effect:

Å to study beam-beam from parasitic crossing

Å this is especially important in Z operation due to large number of 
crossings

Å compensation method

Momentum acceptance vs. 
Beam lifetime

Luminosity vs.Beta*

W. Chou CEPC-SPPC Meeting, May 17-18, 2015
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CDR Worklist (6)

14. To establish an emittance budget

Å from source to linacto Booster to collider

Å including machine imperfection and allowance, optics mismatch and 
energy errors

15. To establish a geometric aperture model for the collider

Å including the injection region, beam dump region, doublet, maximum 
beta area

16. Machine-detector interface (MDI) 

Å radiation shielding design

Å ǎƛƳǳƭŀǘƛƻƴ ǳǎƛƴƎ {ǳƭƭƛǾŀƴΩǎ ŎƻŘŜ

Å collimator design

W. Chou CEPC-SPPC Meeting, May 17-18, 2015



16

CDR Worklist (7)

17. Beam instability

Å to establish a realistic impedance model instead of scaling from KEKB or 
LEP, including separators, collimators, ferrite damper in RF, etc.

Å Banana effect due to transverse wake from off-center orbit

Å to study instabilities at Z-pole, which has lower energy and higher 
beam current

Å feedback system design

18. Orbit stability

Å not covered in the Pre-CDR but should be in the CDR

19. Polarization

Å not included for Higgs operation

Å but may be needed for Z operation

Å even for Higgs, we may need it for energy calibration

Å to investigate the options (e.g., Gai²ŜƛΩǎ ǎŎƘŜƳŜύ
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CDR Worklist (8)

20. Source and linac

Å a complete simulation for e+ beam: from the e- beam to target to 
capture to transport line to re-injection into the linacto acceleration to 
injection into the Booster

Å If the requirement of 3 nC, 0.3 mm-mradcannot be met, then a 
damping ring is needed in the CDR

Å e+ beam return line design

Å SLAC has offered us a 15 GeV linacincluding klystrons as well as two 
damping rings. We need a decision about whether we will take the 
offer. If yes, when and how.

Å to include the study for Z operation, which needs higher beam current

21. Booster

Å to mitigate low field injection problem: earth field shielding, to add 
{[!/Ωǎ linac, to add a pre-Booster 

Å To study saw-tooth effect, vacuum pipe, eddy current, machine 
imperfection, correctors, etc.

W. Chou CEPC-SPPC Meeting, May 17-18, 2015



Pretzel Scheme



After adding pretzel orbit (with correction) :

{ƻƭǳǘƛƻƴ ƴŜŜŘ ǘƻ ōŜ ƛƳǇǊƻǾŜŘΧΦ

GENG Huiping



Main output parameters:

Was 3012MV

Was 1.0

Was 6.28nm

GENG Huiping





Beam Tilt Estimation

)(10*16.1 4
max mX -ºD

)̂10*7.0)(97.69 -4 mmx º= ms

SUN Yuansheng



Interaction Region



Yiwei Wang 24

Lattice of interaction region

Å IR lattice design with local chromaticity correction with
Å bx*=0.8m, by*=3mm, ex=6.12nm, k=0.3%, L*=1.5m, 2IPs

Å latest lattice for head-on collision: FFS_3.0mm_v3.0_Nov_2015

L*= 1.5m
by*= 3mm
GQD0= -300T/m
GQF1= 300T/m

-I -I

IP FT CCY CCX MT



Yiwei Wang 13 Nov 2015 25

-I break down and high order dispersion

-I -I

1 2 3 4 5 6 7 8 9 10

FFS_3.0mm_v3.0_Nov_2015

L*=1.5m
by*=3mm

+(2,3,4,5,6,7,8,9,10) sextupoles

additional sext at 1st

image point* to control 
higher order chromaticity

*K. Oide, SLAC-PUB-4806, Nov 1988.

Å Many additional sextupolesin IR
Å Idea from linear collider final focus*
Å Six more sextupoles(3,4,5,8,9,10) to 

correct break down of ςI transformation
Å Three more sextupoles(2,6,7) help to 

correct the second order dispersion and 
so on

R. Brinkmann, DESY M-90-14, Nov 1990.





FFS_3.0mm_v1.0_Mar_2015

DA with 240 sextupolefamilies in Arc
with DAPWIDTH=15





Partial Double Ring



¢I9 Ψ.h²¢L9Ω DESIGN
by Michael Koratzinos(University of Geneva)

Lt!/ΩмрΣ MITIGATING PERFORMANCE 
LIMITATIONS OF SINGLE BEAM-PIPE
CIRCULAR e+e- COLLIDERS

A solution that can

accommodate O(1000) bunches 

while keeping more than

90% of the ring with a single 

beam pipe.



Primary parameter for CEPC double ring
̂wangdou20160219̃

Pre-CDR H-high lumi. H-low power Z

Numberof IPs 2 2 2 2

Energy(GeV) 120 120 120 45.5

Circumference(km) 54 54 54 54

SRloss/turn(GeV) 3.1 2.96 2.96 0.062

Halfcrossingangle(mrad) 0 14.5 15 11.5 15 15

Piwinskiangle 0 2 2.5 2 2.6 8.5

Ne/bunch(1011) 3.79 3.79 2.85 2.81 2.67 0.46

Bunchnumber 50 50 67 40 44 1100

Beamcurrent(mA) 16.6 16.9 16.9 10.1 10.5 45.4

SRpower/beam(MW) 51.7 50 50 30 31.2 2.8

Bendingradius(km) 6.1 6.2 6.2 6.2 6.2 6.1

Momentumcompaction(10-5) 3.4 3.0 2.5 2.6 2.2 3.5

bIP x/y (m) 0.8/0.0012 0.306/0.0012 0.25/0.00136 0.22/0.001 0.268 /0.00124 0.08/0.001
Emittancex/y (nm) 6.12/0.018 3.34/0.01 2.45/0.0074 2.67/0.008 2.06 /0.0062 0.62/0.002
TransversesIP (um) 69.97/0.15 32/0.11 24.8/0.1 24.3/0.09 23.5/0.088 7/0.046

xx/IP 0.118 0.04 0.03 0.04 0.032 0.005

xy/IP 0.083 0.11 0.11 0.11 0.11 0.084

VRF(GV) 6.87 3.7 3.62 3.6 3.53 0.12

f RF (MHz) 650 650 650 650 650 650

Naturesz (mm) 2.14 3.3 3.1 3.2 3.0 3.9

Totalsz (mm) 2.65 4.4 4.1 4.2 4.0 4.0

HOMpower/cavity (kw) 3.6 3.3 2.2 1.5 1.3 0.99

Energyspread(%) 0.13 0.13 0.13 0.13 0.13 0.05

Energyacceptance(%) 2 2 2 2 2

Energyacceptanceby RF(%) 6 2.2 2.2 2.2 2.1 1.1

ng 0.23 0.49 0.47 0.47 0.47 0.27

Life time due to

beamstrahlung_cal(minute)

47 53 36 41 32

F (hourglass) 0.68 0.73 0.82 0.69 0.81 0.95

Lmax/IP (1034cm-2s-1) 2.04 2.97 2.96 2.03 2.01 3.61



CEPC Partial Double Ring Layout

SU Feng

2016.2.18
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about 43.89m
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Arc redesign-ultra low emittance

üLength of FODO cell: 37.2m

üPhase advance of FODO cells: 
90/60 degrees 

üEmittance: 2.52nm, ap=1.05E-5

üBunch length: 1.5168mm
BDIS1 BDIS2

üDispersion supressor:
Angle(BDIS1)=3.5816546264E-3       

Angle(BDIS2)=-8.59314326219E-4     

Angle(B0)=2.72235074352E-3

B0 B0


