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CIRCULAR ELECTRON POSITRON COLLIDER (CEPC)

• Phase I: Circular Electron-Positron Collider (CEPC)
• Higgs Factory, CM energy ~240 GeV (ZH threshold), peak 

luminosity >3×1034 cm-2s-1, 2 interaction points (IP)               
→ Higgs precision measurements (mass, width, branching 
ratios, couplings, etc.)

• Operation at 91/160 GeV → EW precision measurements

• Phase II: Super Proton-Proton Collider (SppC)

• Discovery machine, center-of-mas energy 50 - 100 TeV, peak 
luminosity ~1×1035 cm-2s-1, 2 IP → energy frontier for New 
Physics

• Other possible collision modes: ep, eA, pA or AA
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HIGGS PRECISION MEASUREMENT

• Higgs coupling deviations from the Standard Model (SM) 
predictions parameterized as:
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Model-dependent fit: Model-independent fit:



ELECTROWEAK PRECISION MEASUREMENTS

• Precision measurements with reduced uncertainties:
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PROJECT TIMELINE (IDEAL)
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MACHINE DESIGN
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DETECTOR CONCEPTS
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Baseline

ILD-Like

Full silicon IDEA



LUMINOSITY MEASUREMENT

• High precision required for Higgs & EW
precision measurements

• Detection of Bhabha elastics scattering
• QED process, theoretical error to <0.1% 
• Triggering  on a pair of scattered
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PRECISION REQUIREMENT

• Luminosity measurement by counting 
Bhabha events in a fiducial θ region

• Dominant systematic uncertainty 

∆𝑳/𝑳~𝟐∆𝜽/𝜽
• To achieve precision: ∆𝑳/𝑳<𝟏𝟎−𝟑

• LumiCal at  z= ±1 m, θmin= 30 mrad
→ ∆θ = 15 μrad  or ∆ r = 15 μm 

• Error due to offset on Z → 0.1 mm 
on z   or ∆ r = ∆ Rxθ = 3 μm
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Offset on the mean of spatial resolution = offset on θmin

→dominant luminosity error



BEAM CROSSING ANGLE

• BHLUMI theoretical precision <0.05% 
• LO elastic e+e− scattering dominant
• E(e+) = E(e−) = Ebeam, Open Angle = π

• CMS(e+e−) boosted by the beam crossing
• e± boosted ~16.5 mrad off ring-center
→back-to-back offset → e± lost into beam-pipe 

19-20 September 2019 LumiCal Design for CEPC, H. Zhu 11

Bhabha  e− @detector  r-φ, z=1m Bhabha e+ e−, Open angle  –π



BOOSTED BHABHA EVENTS

• Boosted LO Bhabha (e+e−, no γ) 
• e+ and e− detected in fiducial 

acceptance of  r > 20 mm
• r-φ plotted in bands (every 45 deg in φ)
• Event loss 163 nb → 98 nb (50 nb after

selection)
• Loss is SIGNIFICANT
• LumiCal with a small inner r,  in OVAL 

shape if feasible 
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Hits on detector x-y planes @z=1m

BHLUMI to simulate colliding e+e- back-to-back
Boost CEPC crossing angle of 33 mrad
Boost BHLUMI e+, e- to CEPC → E is larger by ~0.01%
Ebeam = 50 GeV  →  boosted E = 50.0068 GeV



TRACKING RING

• Three Point Tracking
• IP + Diamond ➝ calibrate strip position
• Diamond + LumiCal ➝ measure IP size

• Calibrate offset of the mean of error at inner radius
• Silicon strip resolution ~ 5 μm,  error on mean much smaller

to reach 1 μm ➝ possible to reach ∆L/L ~ 0.01 % (challenging)
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DETECTOR TECHNOLOGIES

• Luminosity precision~ e± detection at inner radius of fiducial
• Silicon strip can reach required precision
• Alignment precision difficult to reach 1 μm
• Wide strip (~2mm) CAN NOT reach 10 μm resolution
• A stand-alone LumiCal CAN NOT calibrate its offsets to IP 
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OPAL  Si-W sandwichL3  Silicon layer + BGO



SILICON-TUNGSTEN

• Detector assembly:
• First layer: high resolution tracking 

for  electron hit r, ϕ position
• Energy resolution: Si-wafer 

detector for charged particles; MIP  
of Landau ionization charge; EM 
shower = # of charged particles

• e±/γ  Identification:
• Photon without hit on Si-wafer,

fragmentation after ~1 X0

• Photon ID:  EM shower without hit
on 1st layer

• photon spatial resolution: 
calorimeter segmentation 
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SYSTEMATIC UNCERTAINTIES
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ΔL/L~10-3 @ Higgs ΔL/L~10-4 @ Z-pole

@240GeV

βz= ΔE/ECM

@240GeV 



INSTALLATION SCHEME

• No easy solution to install all the critical components in the 
interaction region with high precision; inspired by the 
Remote Vacuum Connection (RVC) developed by SuperKEKB
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CAVEAT

• LumiCal (20 cm long, radiation length of >20 X0) mounted on
the quadrupole and inserted together into the interaction
region, BUT too much material in front
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Flange
LumiCal position



MOVING LUMICAL CLOSER TO IP

• New: LumiCal with reduced weight mounted on the 
beampipe instead, together with a supporting structure to 
mitigate the deformation of the central beryllium beampipe
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RE-ESTIMATION

19-20 September 2019 LumiCal Design for CEPC, H. Zhu 20

Beam crossing: 33 mRad
à Boost off ring center (+x axis)
à offset 16.5 mrad maximum

(electrons on x-z plane)

Very hot region,
Low angle Bhabha 
boosted outward 

LOW angle Bhabha on x-axis   
one electron detected  (+x side)
the other electron (-x side)
is boosted into beam-pipe
NOT counted for Lumi measurement

RING CENTER

Z-axis

BOOST 
e+ e- each offset 
16.5 mRad 

LumiMonitor

Proposal:
Insert Crystal Scint.  LumiMon on outgoing pipe
to trigger/back-to-back  for Bhabha  <50 mrad on x-axis
with one electron lost into beam pipe



SUMMARY

• CEPC proposed as a Higgs Factory for precision Higgs (& EW)
measurements, with the possible upgrade to SppC

• HIGH LUMINOSITY PRECISION required for Higgs & EW precision
measurements ➝ challenges on LumiCal design (in the
crowed interaction region)

• Revised LumiCal design toward TDR
• Design evaluation, uncertainty re-estimation, detector R&D
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• Currently involved institutions: IHEP, VINCA, SINCA, NCU …

Any interest to join and help us?



CEPC NOVEMBER WORKSHOP
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IHEP, Beijing: November 18-20
https://indico.ihep.ac.cn/event/9960/



FUTURE COLLIDERS
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Summary	of	National	Inputs																											S.	Bethke		(MPP	Munich)																												ESPP	Symposium,	Granada,	15	May	2019 �4
UB

Possible	scenarios	of	future	colliders

2020 2070

HL-LHC:	13	TeV	3-4	ab-1		

20402030

FCC	hh:	100	TeV	20-30	ab-1

HE-LHC:	27	TeV	10	ab-1		

2050 2060

CLIC:	380	GeV	
1.5	ab-1

Ja
pa
n

	C
ER

N

ILC:	250	GeV		
2	ab-1

CepC:	90/160/240	GeV	
16/2.6/5.6	ab-1	

500	GeV	
4	ab-1

FCC-ee:		
90/160/250	GeV		
150/10/5	ab-1	

FCC	hh:	100	TeV	20-30	ab-1		

Ch
in
a SppC	aim	similar	to	FCC-hh	

LHeC:	1.2TeV	
0.25-1	ab-1© FCC-eh:	3.5	TeV	2	ab-1

Proton	collider
Electron		collider
Electron-Proton		collider

2080

Construction/Transformation

7	years

10	years

11	years

8	years

2090
13/05/2019

350-365	GeV		
1.7	ab-1	

1.5	TeV	
2.5		ab-1

3	TeV	
5		ab-1

9	years

20km	tunnel	

100km	tunnel	

100km	tunnel	

11	km	tunnel	
29	km	tunnel	 50	km	tunnel	

FCC	hh:	150	TeV	≈20-30	ab-1		
11	years

15	years

1	TeV	
≈	4-5.4	ab-1

31km	tunnel	 40	km	tunnel	

100km	tunnel	

4	years

8	years

8	years

8	years

6	years2	years

Preparation

5	years



PRECISION ON HIGGS COUPLINGS
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IAC RECOMMENDATIONS
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CHINA TO INITIATE BIG SCIENCE PROJECTS
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