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CEPC:

1 What it is?
2 Where is it?
3 Who is it?
4 Money
5 Time-line
6 Detectors
7 SW
8 A few words on the Physics
9 My Summary

All material is from talks given at the “International Workshop on High
Energy Circular Electron Positron Collider” at IHEP, Beijing, 6-8 Nov
2017 (indico).
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http://indico.ihep.ac.cn/event/6618/other-view?view=standard


What it is?

What is it?

Baseline design & options for the Conceptual Design Report
circumference=100km,Ecm =240 GeV, power per beam ≤ 30MW
design luminosity :
∼ 2× 1034cm−2s−1 (240 GeV)
∼ 1× 1034cm−2s−1 (90 GeV)
two layouts:
double ring as the default
advanced local double ring as an option

two independent detectors
Benefits

mature technologies, Z+ZH program
high energy pp option beyond the Higgs(Z) factory
synchrotron light source (?)
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What it is?

What is it?
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Where is it?

Where is it?
 

CEPC Site Exploration 

1) QingHuangDao, Hebei（completed preCDR） 

 

2) Huangling, Shaanxi（2017.1 signed contract to exp.） 

 

3) ShenShan, Guangdong, （completed in August, 2016) 
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Who is it?

Who is it?

Statistics from November ’17 workshop:
Total 260 participants

160 from China
50 from Europe (10 from Germany, Italy 19)
30 from US
10 from rest of Asia (4 from Japan)

⇒ Clearly a Chinese project !
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Money

Project cost comparison

W. Chou CEPC Workshop, 11/8/2017 5

Similar Cost for 3 of the 4

• No cost available for FCC-ee at this moment

CLIC (380 GeV)ILC (250 GeV) CEPC (100 km)

ILC

CoM. 
Energy 250 500

Site Length ~21 31

Luminosity 0.82 1.8

AC Power 129 163

Value Cost 
in TDR TBD 7.98

($5.5B)

($5 - 6B?)
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Money

On the table (1 RMB = 0.1 - 0.15 e) 

CEPC Funding  

HEP seed money  

11 M RMB/3 years (2015-2017)  

~60M RMB    CAS-Beijing fund, talent program 

~500M RMB  Beijing fund (light source) 

FY 2016 

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

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

Money: The PAPS for RF R&D

November 6, 2017 

A New SRF Facility 

•500M RMB funded by city of Beijing 
•Construction: May 2017 – June 2020 
•Include RF system & cryogenic systems 
  magnet technology, beam test, etc. 

21 
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Time-line

Time-line

November 6, 2017 

•  CEPC data-taking starts before the LHC program ends 

•  Possibly con-current with the ILC program 

design issues  
R&D items 
preCDR 

design, funding  
R&D program 
Intl. collabration 
site study 

seek approval, site decision 
construction during 14th 5-  
                                year plan 
commissioning 

 

CEPC Schedule (ideal) 

6 
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Time-line

Time-line comparison

6

Two Different Timelines

ILC (2030)

CLIC (2035)

CEPC (2030)

FCC-ee (2039)

W. Chou CEPC Workshop, 11/8/2017
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Detectors

Detectors: ILD - the baseline

CEPC baseline detector: ILD-like

7

CEPC detector  (1)  
• ILD-like design with some modification for circular collider  

• No Power-pulsing 
• Tracking system (Vertex detector, TPC detector , 3.5T magnet) 

• Expected Impact parameter resolution: less than 5μm 
• Expected Tracking resolution : δ(1/Pt) ~ 2*10-5(GeV-1) 

• Calorimeters: Concept of Particle Flow Algorithm (PFA) based 
• Expected jet energy resolution : σE/E ~ 0.3/√E 

 
 

3 
Magnetic Field: 3 Tesla — changed from preCDR  

• Impact parameter resolution: less than 5 μm 
• Tracking resolution: δ(1/Pt) ~ 2×10-5 (GeV-1) 
• Jet energy resolution: σE/E ~ 0.3/√E 

Flavor tagging
BR(Higgs → μμ)
W/Z dijet mass separation

Mikael Berggren (DESY) CEPC FLC retreat 12 / 31



Detectors

Detectors: ILD - the updated baseline 

CEPC Detector: more compact & updated for CDR  

16 November 6, 2017 
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Detectors

Alternative Detectors: SiD

FULL-SILICON TRACKER DETECTOR 43
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Figure 5.16: The R-Z view of the full silicon tracker proposed for CEPC (left) and the enlarged version
of SID design (right).
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Figure 5.17: The number of expected hits are shown as function of track pesuro-rapadity.

Full silicon tracker concept

10

Replace TPC with additional silicon layers

Rad length up to 7% 

Session I: Weiming Yao
CDR: Section 5.3

CEPC-SID: 
6 barrel double strip layers

5 endcap double strip layers

FULL-SILICON TRACKER DETECTOR 43
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Figure 5.16: The R-Z view of the full silicon tracker proposed for CEPC (left) and the enlarged version
of SID design (right).
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Figure 5.17: The number of expected hits are shown as function of track pesuro-rapadity.

SIDB: SiD optimized 
5 barrel single strip layers

5 endcap double strip layers

Drawbacks: higher material density, less redundancy and limited particle identification (dE/dx)
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Detectors

Alternative Detectors: Old friends ... (5th?)

Low magnetic field detector concept

9

Integrated into Conceptual Design Report
Dual readout calorimeter: Chapter 6

Talk: Session IV - Roberto Ferrari

Drift chamber: Chapter 5
Talk: Session II - Franco Gancagnolo

Muon detector (μRwell): Chapter 8
Talk: Session IV - Paolo Giacomelli

Beam pipe: radius 1.5 cm

Vertex: Similar to CEPC default 
Drift chamber: 4 m long; Radius ~30-200 cm 
Preshower: ~1 X0

Dual-readout calorimeter: 2 m/8 λint 
(yoke) muon chambers 

Proposed by INFN, Italy colleagues

Session I: Franco Bedeschi
CDR: Section 3.3

Magnet: 2 Tesla, 2.1 m radius

    Thin (~ 30 cm), low-mass (~0.8 X0)

D
RA

FT
-0

8 EXPERIMENTAL CONDITIONS AND DETECTOR REQUIREMENTS

Figure 3.2: Schematic layout of the IDEA detector. Sub-detectors are outlined in different colors :
vertex detector (red), drift chamber (green), pre-shower (orange), magnet (gray), calorimeter (blue),
magnet yoke and muon system (violet).

pixel technology as well as profit from the electronic and mechanical work of the ALICE
ITS.

Outside the vertex detector we find a 4 m long cylindrical drift chamber starting from
a radius of ⇠30 cm and extending until 2 m. The chamber can be made extremely light,
with low mass wires and operation on 90% helium gas; less than 1% X0 is considered
feasible for 90� tracks. Additional features of this chamber, which is described in detail in
section 6.3, are a good spatial resolution, <100 µm, dE/dx resolution at the 2% level and
a maximum drift time of only 150 nsec. Track momentum resolution of about 0.5% for
100 GeV tracks is expected when vertex detector and pre-shower information is included
in the track fit. It is worth noting that the design of this chamber is the evolution of work
done over many years on two existing chambers, that of the KLOE detector [12] and that
of the recent MEG experiment upgrade [13]; major R&D work was done also for the 4th
concept at ILC [14] and then for the Mu2E tracker [15].

A pre-shower is located between the drift chamber and the magnet in the barrel region
and between the drift chamber and the end-cap calorimeter in the forward region. This
detector consists of a ⇠1 X0 = 0.5 cm of lead followed by a layer of silicon micro-strip
detectors. A second layer of MPGD chambers is located between the magnet and the
calorimeter in the barrel region, while in the end-cap region an additional layer of lead
is placed between the silicon and the chambers. This way about 75% of the ⇡0’s can be
tagged by having both �’s from their decay identified by the pre-shower. The silicon layer,
besides increasing the tracking resolution, provides a very precise acceptance determina-
tion for both charged particles and �’s. The optimization of pre-shower thickness and
calorimeter resolution is still in progress.

A solenoidal magnet surrounds the tracking system and the first pre-shower layer.
Presently planned dimensions are 6 m of length and 4.2 m inner diameter. The relatively
low two Tesla field and the small dimensions have important implications on the overall
magnet package thickness, that can be kept at the 30-40 cm level, and on the size of the

r~2.1 m
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Detectors

Alternative Detectors: ... twice ! (6th?)

Superconductor solenoid development

13

Updated design done for 3 Tesla field (down from 3.5 T) 

Session I: Zian Zhu
CDR: Chapter 7

122 DETECTOR MAGNET SYSTEM

Figure 7.3: Field map of the magnet (T)

Figure 7.4: The calculated magnetic field Bz along the detector axis

Stray field 3 T

50Gs R direction 13.6 m

50Gs Z direction 15.8 m

100Gs R direction 10 m

100Gs Z direction 11.6 m
Table 7.3: Coil parameters

out according to the coil. In the model there are some approximations have been made:
the barrel yoke and end-cap yokes are transformed into cylinders; the hole of the chimney
in the barrel has been neglected; the current (15779 A) in the winding has been modelled
as uniformly distributed in the Rutherford cable. The thickness of the support is 50 mm,
which is the same with al-alloy used in the cable.

148 DETECTOR MAGNET SYSTEM

and PLC acquisition signals, design optimization collection program and program design
Meter.

7.7 Iron Yoke Design

According to the physical design, the CEPC detector solenoid magnet need to provide a
3.0 T field for precise trajectory measurement for charged particles. The CEPC solenoid
consists mainly of three parts, which are a superconducting coil, a vacuum tank with a
thermal shield and a magnet yoke. Figure 7.46 shows the structure of the CEPC detec-
tor solenoid magnet and yoke. The solenoid magnet will produce an axial field and the
magnet yoke will take responsible for the return of the magnetic flux and reducing the
outside stray field to an acceptable level. At the same time, the magnet yoke must match
several other design requirements. Firstly, the yoke will provide mechanical support for
sub-detectors so that they can be positioned accurately. Secondly, the yoke will provide
room for muon detectors which will be set between layer and layer of yoke. Thirdly, the
yoke will provide space for data cable, cooling pipes , gas pipes and so on. According
to the general design of the CEPC detector, the magnet yoke is divided into a cylindri-
cal barrel and two endcap yokes. Taking into account of both mechanical performance
and magnetic requirements, high permeability material need to be developed as the yoke
material. Preliminary design of the yoke will be described as following.

Figure 7.46: iron and magnet

7.7.1 The Barrel Yoke

The barrel yoke will have a length of about 8200 mm and with a dodecagonal shape.
The inscribed circle diameter of the outer dodecagon will be about 13300 mm, and the
inscribed circle diameter of the inner dodecagonal will be about 7800 mm. The barrel
yoke will be composed of 3 rings, each ring will consist of 7 layers. There will be two
100 mm gaps between the rings which are designed to supply space for the data cables
and services. The thickness of inner 4 layers are 100 mm and outer 3 layers are 450 mm.

Default: Iron Yoke

Non-uniformity 9.1%

Dual Solenoid Scenario
Lighter and more compact
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REFERENCES 151

Figure 7.49: Sketch figure for the half cross section of the active shielding magnet, with the available
areas for muon chambers

Figure 7.50: Field map of the active shielding magnet

REFERENCES 151

Figure 7.49: Sketch figure for the half cross section of the active shielding magnet, with the available
areas for muon chambers

Figure 7.50: Field map of the active shielding magnet

5 T

-2 T
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Detectors

Detectors: QD0 !CEPC baseline detector: ILD-like

7

CEPC detector  (1)  
• ILD-like design with some modification for circular collider  

• No Power-pulsing 
• Tracking system (Vertex detector, TPC detector , 3.5T magnet) 

• Expected Impact parameter resolution: less than 5μm 
• Expected Tracking resolution : δ(1/Pt) ~ 2*10-5(GeV-1) 

• Calorimeters: Concept of Particle Flow Algorithm (PFA) based 
• Expected jet energy resolution : σE/E ~ 0.3/√E 

 
 

3 
Magnetic Field: 3 Tesla — changed from preCDR  

• Impact parameter resolution: less than 5 μm 
• Tracking resolution: δ(1/Pt) ~ 2×10-5 (GeV-1) 
• Jet energy resolution: σE/E ~ 0.3/√E 

Flavor tagging
BR(Higgs → μμ)
W/Z dijet mass separation
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Detectors

Detectors: MDI

Interaction region: Machine Detector Interface

14

Updated	baseline	parameters:	
• Head-on	collision	changed	to	crossing	angle	of	33	mrad		
• Focal	length	(L*)	increased	from	1.5	m	to	2.2	m		
• Solenoid	field	reduced	from	3.5	T	to	3	T	

One of the most complicated issue in the CEPC detector design

Full partial double ring

Magnet Field Strength Length Inner Radius
QD0 151 T/m 1.73m 19 mm

LumiCal

166 CEPC INTERACTION REGION AND DETECTOR INTEGRATION
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Figure 10.1: Layout of the interaction region.

10.2 Final focusing magnets

The two final focusing quadrupoles, QD0 and QF1, are inside the CEPC detector given
the short focal length, and must operate in the background field of the detector solenoid.
QD0 is the quadrupole magnet closest to the interaction point, with a distance of 2.2 m
and 1.73 m in length. It is designed as double-aperture superconducting magnet realized
with two layers of cos-theta quadrupole coil using Rutherford cable without iron yoke.
The total four coils are clamped with stainless steel collars. It shall deliver a gradient field
of 151 T/m and control the filed harmonics in the sensitive area to be below 3⇥10�4. The
cross-sectional view of the single aperture of the QD0 is depicted in Fig. 10.2.

Figure 10.2: Schematic view of the single aperture of the QD0 superconducting magnet.

L* = 2.2 m

Session MDI: Chenghui Yu
CDR: Chapter 10

Session MDI: Suen Hou
CDR: Chapter 10

Lumi unc: 1 × 10-3

(studies lead by Vinca 
and Academia Sinica)
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Detectors

Detectors: Backgrounds

Interaction region: Machine Detector Interface

15

• Radiative	Bhabha	scattering	
• Beam-beam	interactions	
• Synchrotron	radiation	
• Beam-gas	interactions	

Machine induced backgrounds

Session MDI: Hongbo Zhu
CDR: Chapter 10

Studies for new configuration being finalized}

DETECTOR BACKGROUNDS 169

Table 10.1: Higgs machine design parameters fed to the GUINEA-PIG simulation.

Machine Parameters Unit Value

Beam energy GeV 120
Particles per bunch 1.29 ⇥ 1011

Beam size �x/�y µm 20.9/0.086
Beam size �z µm 3480
Normalized Emittance "x/"y mm·mrad 284.1/0.845

the contribution from radiative Bhabha scattering after collimation. However, Fig. 10.4(b)
shows that radiative Bhabha leads to much higher TID, which can be understood that
charged particles of higher energies are generated following this process.
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Figure 10.4: Comparison of of hit density (a) and TID (b) due to pair production and radiative Bhabha
scattering.

In addition, Fig 10.5 shows the distributions of non-ionizing energy loss (NIEL) due
to pair production and radiative Bhabha scattering. Highest annual NIEL levels are in the
range of 1011 ⇠ 1012 on the first vertex detector layer (r = 1.6 cm) and decrease at larger
radii.

10.3.4 Beam-gas interactions

Interactions between the beam particles and the residual gas in the beam pipe can induce
electromagnetic showers in the interaction region and enter the detector. Gas pressure is
assumed to be 10�7 mbar, and results can be linearly rescaled for other pressures. Pre-
liminary result suggests that detector backgrounds induced by beam-gas interaction is
small compared to other types of backgrounds but more detailed evaluation needs to be
performed.

Higgs operation 
(Ecm = 240 GeV)

Rates at the inner layer (16 mm):
Hit density: ~2.5 hits/cm2/BX
TID:                2.5 MRad/year 
NIEL:             1012 1MeV neq/cm2

(Safety factors of 10 applied)

Mikael Berggren (DESY) CEPC FLC retreat 19 / 31



Detectors

Detectors: TPC - looks strangely familiar ...

Time Projection Chamber (TPC)

20

TPC detector concept 

TPC detector R&D @IHEP (2016~2020)
Funding from MOST and NSFC (~3.5 Million RMB)

Electronics R&D @Tsinghua (2016~2020)
Funding from NSFC (~2.0 Million RMB)

Inhabitation of IBF using graphene @Shandong 
Univ. (2016~2019)

Manpower and activities

- 5 -

Detector concept

International Large Detector  (PFA)

TPC detector concept

� ILD like concept
� Motivated by the H tagging and Z
� Main tracker detector with TPC
� 3~4 Tesla magnetic field
� ~100 µm position resolution in rφ
� Systematics precision (<20 µm internal)
� GEM and Micromegas as readout
� Distortion by IBF issues

Ions backflow in drift volume for distortion

Page - 4

TPC requirements for CEPC
TPC could be as one tracker detector option for CEPC,   1M ZH events in 
10yrs Ecm ≈250 GeV, luminosity ~2×1034 cm-2s-1, can also run at the Z-pole

The voxel occupancy takes its maximal value between 2×10-5 to 2×10-7, 
which is safety for the Z pole operation. Of course, it is well for Higgs run too.
https://doi.org/10.1088/1748-0221/12/07/P07005

TPC detector concept:
� Motivated by the H tagging and Z
� Main tracker detector with TPC
� ~3 Tesla magnetic field
� ~100 µm position resolution in rφ
� Systematics precision (<20 µm internal)
� Large number of 3D points(~220)
� Distortion by IBF issues
� dE/dx resolution: <5%
� Tracker efficiency: >97% for pT>1GeV TPC detector concept

Session III: Huirong Qi
CDR: Chapter 5

• Allows for particle identification
• Low material budget
• 3 Tesla magnetic field —> reduces diffusion of drifting electrons 
• Position resolution: ~100 µm in rφ
• Systematics precision (<20 µm internal) 
• GEM and Micromegas as readout
• Problem: Ion Back Flow —> track distortion

Operation at L > 2 × 1034 cm-2 s-1 ?
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Detectors

Detectors: TPC Collaboration

- 37 -

International cooperation

 CEA-Saclay IRFU group (FCPPL)
 Three vidyo meetings with Prof. Aleksan Roy/ Prof. Yuanning/ 

Manqi and some related persons (2016~2017)
 Exchange PhD students: Haiyun Wang participates Saclay’s R&D 

six months in 2017~2018 
 Bulk-Micromegas detector assembled and IBF test
 IBF test using the new Micromegas module with more 590 LPI

 LCTPC collaboration group (LCTPC)
 Singed MOA and joined in  LC-TPC collaboration @Dec. 14,2016
 As coordinator in ions test and the new module design work package
 Regular meeting bi-weeks
 Plan to beam test in DESY with our hybrid detector module in 2018
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Detectors

Detectors: Calorimeters - all options open

Calorimeter options

23
New

ECAL with Silicon and Tungsten (LLR, France) 
ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC) 

SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France) 
HCAL with ThGEM/GEM and Stainless Steel  (IHEP + UCAS + USTC) 
HCAL with Scintillator+SiPM and Stainless Steel (IHEP) 

Dual readout calorimeters (INFN, Italy + Iowa, USA)

Chinese institutions have been
focusing on Particle Flow calorimeters

R&D supported by MOST, NSFC
and IHEP seed funding

Electromagnetic

Hadronic

Session IV: Yunlong Zhang
Session IV: Boxiang Yu
CDR: Chapter 6

Mikael Berggren (DESY) CEPC FLC retreat 22 / 31



Detectors

Detectors: CALICE

Join the CALICE Collaboration
  THU and SJTU joined the CALICE Collaboration
  Collaborating with Imad Laktineh (IPNL) on SDHCAL R&D. 
  We have a joint Ph.D student via CSC program (2years). CAN-059 about using 

BDT to improve pi/e/mu separation is under review process.
  SJTU will host the CALICE collaboration meeting on Sept. 19-21, 2018. 

https://agenda.linearcollider.org/event/7799/ 

11/8/2017 CEPC International Collaboration9

pie-

 IHEP and USTC plan to join the CALICE to work on ScW ECAL and AHCAL

THU/SJTU/CALICE
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Detectors

Detectors: AHCal

CEPC-AHCAL Next step

• ASCI chip readout research;

• Test Chinese (GNKD) plastic scintillator;

• Test the Chinese EQR-SiPM;

• Scintillator mega tiles test;

TiO2

ASIC chip Spiroc2E

25

Mega tiles 
Chinese SiPM
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SW

SW: Current framework
Software framework

 Current CEPC software uses Marlin, adopted from ILC

 CEPC software group are built, including current CEPC software group, 
IHEPCC, SDU, SYSU, JINR……to work on future CEPC software 

 Consider uncertain official support of Marlin, future CEPC software 
framework are investigated

 Several existing framework are studied 

 Gaudi is preferred with wider community, possible long-term official support, 
more experts available in hand, keep improved with parallel computing

 International review meeting is in consideration for final decision of 
framework

Marlin Gaudi ROOT ART SNiPER

User 
Interface

XML Python, TXT Root script FHiCL Python

Community ILC Atlas, BES3, 
DYB,LHCb

Phenix, Alice Mu2e, NOvA, 
LArSoft, LBNF

JUNO, 
LHAASO
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SW

SW: Current resources
Resource 

 Active Site: 6 from England,Taiwan, China 
Universities(4)
 QMUL from England and IPAS from Taiwan 

plays a great role

 Cloud technology used to share free resource 
from other experiments in IHEP

 Resource: ~2500 CPU cores, shared 
resources with other experiments

 Resource types include Cluster, Grid ,Cloud

 Network: 10Gb/s to USA and Europe, to 
TaiWan and China University
 Joining LHCONE is in plan to future improve 

international network connection

Site Name
CPU 
Cores

CLOUD.IHEP-
OPENSTACK.cn 96

CLOUD.IHEP-
OPENNEBULA.cn

24

CLOUD.IHEPCLOUD.cn 200

GRID.QMUL.uk 1600

CLUSTER.IPAS.tw 500

CLUSTER.SJTU.cn 100

Total (Active) 2520

QMUL: Queen Mary University 
of London

IPAS: Institute of Physics, 
Academia Sinica
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A few words on the Physics

Physics: Higgs

..... poor-man’s ILC(250) @ H : Twice the lumi, but no polarisation. And
short life-time (SppC!)Higgs coupling measurement

LHC 300/3000 fb-1

CEPC 250 GeV at 5 ab-1 wi/wo HL-LHC
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10-3

10-2

10-1

1

R
el
at
iv
e
E
rr
or

Precision of Higgs coupling measurement (7-parameter Fit)

ILC 250 GeV at 2 ab-1 (1710.07621)

CEPC 250 GeV at 5 ab-1 wi/wo HL-LHC
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sub-percent measurement of Higgs coupling!

i =
gexp

gSM
(Higgs � SM particle i)

Zhen Liu, Jin Wang, Kaili Zhang

Best sensitivity to Higgs Z coupling. 
Model independent determination of width. 
Many more… 
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A few words on the Physics

Physics: Exotic higgs decays

Higgs exotic decay
mass technique at lepton colliders.

HL-LHC
CEPC
ILC(H20)
FCC-ee

MET (bb)+MET
(jj)+MET

(ττ)+MET
bb+MET

jj+MET
ττ+MET

(bb)(bb)
(cc)(cc)

(jj)(jj) (bb)(ττ)
(ττ)(ττ) (jj)(γγ) (γγ)(γγ)

10-5

10-4

10-3

10-2

10-1

1

B
R
(h
→
E
xo
tic
s)

95% C.L. upper limit on selected Higgs Exotic Decay BR

Figure 12. The 95% C.L. upper limit on selected Higgs exotic decay branching fractions at HL-LHC,
CEPC, ILC and FCC-ee. The benchmark parameter choices are the same as in Table 3. We put
several vertical lines in this figure to divide di�erent types of Higgs exotic decays.

From this summary in Table. 3 and the corresponding Fig. 12, we can clearly see the
improvement on exotic decays from the lepton collider Higgs factories. These exotic Higgs
decay channels are selected such that they are hard to be constrained at the LHC but
important for probing BSM decays of the Higgs boson. The improvements on the limits of
the Higgs exotic decay branching fractions vary form one to four orders of magnitude for
these channels. The lepton colliders can improve the limits on the Higgs invisible decays
beyond the HL-LHC projection by one order of magnitude, reaching the SM invisible decay
branching fraction of 0.12% from h æ ZZú æ ‹‹̄‹‹̄ [53]. For the Higgs exotic decays into
hadronic particle plus missing energy, (bb̄) + /ET, (jj) + /ET and (·+·≠) + /ET, the future
lepton colliders improve the HL-LHC sensitivity on these channels by roughly four orders
of magnitude. This great advantage benefits a lot from low QCD background and Higgs
tagging from recoil mass technique at future lepton colliders. As for the Higgs exotic decays
without missing energy, the improvement varies between two to three orders of magnitude,
except for the one order of magnitude improvement for the (““)(““) channel. Being able to
reconstruct the Higgs mass from the final state particles at the LHC does provide additional
signal-background discrimination power and hence the future lepton colliders improvement
on Higgs exotic decays without missing energy is less impressive comparing to those do.
Further more, as discussed earlier, leptons and photons are relatively clean objects at the
LHC and the sensitivity at the LHC on these channels will be very good. Future lepton
colliders complement the HL-LHC for hadronic channels and channels with missing energies.

There are many more investigations to be carried out under the theme of Higgs exotic
decays. For our study, we take the cleanest channel of e+e≠ æ ZH with Z æ ¸+¸≠ and
h æexotics up to four-body final state, further inclusion of the hadronic decaying spectator
Z-boson and even invisible decays of the Z-boson would definitely improve the statistics and
consequently resulting in better limits. As a first attempt to evaluate the Higgs exotic decay
program at future lepton colliders, we do not include the case of very light intermediate
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Example 1 (hadronic)

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6

SM Z. This can occur in dark vector scenarios (Sec. I C 5)
and more general hidden valleys (Sec. I C 10). The main
difference compared to h → aa is that ZD branching ratios
are ordered by SM gauge charge instead of mass, which
leads to large leptonic branching fractions.
The h → ZZD search can also set limits on the h → Za

scenario, where a is a pseudoscalar which decays to
fermions in proportion to their masses. If decays to b̄b
are suppressed or forbidden, the limits can already be
appreciable.
A useful fiducial model is to take ZD to couple to SM

fermions proportional to their electric charge. This is the
case if decays occur via kinetic γ − ZD mixing, and if
mZD

≪ mZ so that photon-Z mixing is unimportant (see
Fig. 13 in Sec. I C 5), but also gives the qualitatively correct
picture for more general dark vector scenarios.
We first treat the h → ZDZD decay; see Table XIV. Not

surprisingly, the search for h → ðlþl−Þðlþl−Þ, which
allows full reconstruction at high resolution, is the most
powerful. The published data on four-lepton events used in
the Higgs search and in Zð$ÞZð$Þ studies put tremendous
constraints on this decay, already, according to our
reinterpretation of the published data, reaching Brðh →
ZDZDÞ < 4 × 10−4. It is important to improve on the
constraints we found on this well-motivated model; spe-
cifically, our reinterpretation did not allow for an optimal
constraint, since it does not make full use of the three
available mass resonances.
Limits on Brðh → ZDZDÞ from dilepton plus jets

searches are probably in the few times 10−2 range; see
Sec. V. As the table indicates, our studies suggest that
jjμþμ− and bb̄μþμ− would have comparable sensitivity,
and this might also be true for electron final states, though
triggering and reconstruction efficiencies will be lower than
for muons in many cases. But even combining all of these
together, it appears that dilepton plus jets final states would
only be competitive in models where the branching

fractions for leptons is significantly reduced compared to
the case we consider in Table XIV.
The constraints on h → ZZD and Za are shown in

Table XV. The h → Z$Z search sets powerful constraints.
In the case of ZZD, they are still one order of magnitude
weaker than indirect constraints from electroweak precision
measurements for mZD

≳ 10 GeV (see Fig. 12). (For
mZD

≲ 10 GeV, the constraints are even stronger.) A more
optimized search with sufficient luminosity at the 14 TeV
LHC will yield competitive or even eventually superior
limits for mZD

≳ 10 GeV. The bounds on h → Za from
four-lepton final states are rather weak due to Yukawa
suppression. The decay h → Za is an example of an
asymmetric h → 2 → 4 decay, and other search chan-
nels such as h → Za → ðlþl−Þðbb̄Þ may provide better
sensitivity in the long run.
We therefore find that searches for four-lepton final

states in h → ðlþl−Þðlþl−Þ via non-SM channels are
extremely well motivated in run I. As we have noted earlier,
the available data as published in the search for the
SM h → ZZ$ mode are not ideal for the ZDZD or ZZD
searches, since neither the selection cuts nor the analysis
approach are appropriate to the signal, with some events
unnecessarily discarded and with leptons often systemati-
cally misassigned. The analysis for ZZD in particular (but
also ZDZD in general) should preferably also extend to very
low ZD mass ranges, where isolation cuts and quarkonium
backgrounds are an issue.
Triggering is not a problem for these final states because

the leptons have relatively high pT . Multilepton triggers
where two or three leptons are soft may contribute to
sensitivity, a point that deserves further exploration.

C. Final states with ET

In the h → 2 → 4 final states we discussed above, only
one unknown particle need appear, and its decays are often
controlled by a single type of coupling. By contrast, final

TABLE XIII. As in Table XII, estimates for various processes in h → aa if a decays only to SM gauge bosons through loops. The
central columns show the case where the couplings are generated by initially degenerate SUð5Þ multiplets; the right columns show the
case where the a → γγ rate is enhanced by a factor of 10. An asterisk denotes that all 14 TeV estimates shown require 300 fb−1 of data.

Decay
mode
F i

Projected/current
2σ limit

on BrðF iÞ
7þ 8 ½14& TeV

Production
mode

Brða → γγÞ ≈ 0.004 Brða → γγÞ ≈ 0.04

Comments
BrðF iÞ

Brðnon-SMÞ

Limit on
σ

σSM
· Brðnon-SMÞ

7þ 8 ½14& TeV BrðF iÞ
Brðnon-SMÞ

Limit on
σ

σSM
· Brðnon-SMÞ

7þ 8 ½14& TeV

jjjj
> 1

W 0.99
> 1

0.92
> 1

[0.1$] [0.1$] [0.1$] Theory study [220,269],
Sec. VII

γγjj 0.04 W 0.008 5 0.08 0.5
[0.01$] [1$] [0.1$] Theory study [312], Sec. VIII

γγγγ
2 × 10−4 G 1 × 10−5

20 0.001 0.2 Our study, Sec. IX
[3 × 10−5$] [1$] [0.03$] Theory study [311], Sec. IX
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j

j

j

j

Note: boosted analysis, assuming ma < 10 GeV.  
Weaker limit other wise.

Signal at Higgs factories

ee → Zh →Z jjjj

4 bottom final state

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6

b

b

b

b

noted in Sec. I C 2, there are many models in which a → bb̄
is suppressed not by kinematics but by coupling constants.
Meanwhile, for bb̄μþμ−, the assumption that both fermion-
antifermion pairs come from the same type of particle
implies that mμμ ¼ ma > 2mb, but the decay h → aa0

can occur in some nonminimal models, in which case
ma0 ¼ mμμ < 2mb < ma may occur, possibly with an
increased rate.

2. h → aa → SM gauge bosons

Next we turn to a case where the a does not couple
strongly to fermions and instead decays mainly to gluon
pairs and photon pairs through loops of heavy particles.
Such couplings are commonly proportional to gauge
couplings squared (i.e., to αi), in which case Brða → γγÞ ∼
0.004 × Brða → ggÞ for a degenerate SUð5Þ multiplet of
fermions coupling equally to a (see Sec. VIII). But if the
masses M of the heavy colored particles in the loops are
larger than the masses m of the colorless ones, the rate for
photon production may be enhanced by at least a factor
of ðM=mÞ2.
Estimated limits for this case are shown in Table XIII.

If the heavy particles are degenerate and in complete
SUð5Þ multiplets, then the center columns show that
only the four-jet search has any reach, with

phenomenologically relevant sensitivity possible for ma ≲
5 GeV with 300 fb−1 of data. If the branching fraction
a → γγ is enhanced by a factor of 10, as would happen if
the colored particles appearing in the loop graph were
about 3 times heavier than the colorless particles, then the
situation is given in the right columns. In this case, the
four-photon search is clearly superior.
We should of course note that it is possible to have a

particle that dominantly decays to γγ. This could occur for a
pseudoscalar a if it couples to the visible sector only
through loops of heavy colorless charged particles. In this
case there would be only 4γ decays and no 4j or 2j2γ
decays.
With these considerations in mind, it would seem four-

jet, four-photon, and mixed searches are all well motivated
in run II. However, for run I data, a four-jet search is
hopeless, while a four-photon search is already sensitive to
models where a has enhanced decays to photons. We
therefore suggest a search for h → 4γ even in the existing
run I data. We also suggest that triggers for multiple
photons be set so as to retain this signal in run II.

3. h → ZDZD, ZZD, Za

Now we consider the possibility that the Higgs decays
either to two dark vector bosons ZD or to one ZD and one

TABLE XII. Estimates for current or projected limits on various processes in h → aa, if a couplings are proportional to masses, and
either a → quarks is allowed as in an NMSSM-type model (center columns) or a → quarks is suppressed relative to a → leptons (right
columns). If no relevant estimate is known, we indicate this with a “?”. The source of each estimate is listed in the “Comments” column.
Production modes: G for gg → h, V for vector boson fusion,W;Z forWh and Zh. For 14 TeV, estimates require 100 fb−1. See Sec. XX
A for additional information and cautionary remarks.

Decay
mode
F i

Projected/
current
2σ limit

on BrðF iÞ
7þ 8 ½14& TeV

Production
mode

Quarks allowed Quarks suppressed

Comments
BrðF iÞ

Brðnon-SMÞ

Limit on
σ

σSM
· Brðnon-SMÞ

7þ 8 ½14& TeV BrðF iÞ
Brðnon-SMÞ

Limit on
σ

σSM
· Brðnon-SMÞ

7þ 8 ½14& TeV

bb̄bb̄ 0.7 W 0.8 0.9 0 –
Recast of expt. result [276],
Sec. III

[0.2] [0.2] [–] Theory study [192,267],
Sec. III

bb̄ττ > 1 V 0.1 > 1 0 –
[0.15] [1] [–] Theory study [278], Sec. IV

bb̄μμ ð2–7Þ × 10−4 G 3 × 10−4
0.5–1 0 – Our study, Sec. V

[ð0.6–2Þ × 10−4] [0.2–0.8] [–] Our study, Sec. V

ττττ 0.2–0.4 G 0.005 40–80 1 0.2–0.4
Recast of expt. result [298,300],
Sec. VI

[?] [?] [?]

ττμμ
ð3–7Þ × 10−4 G 3 × 10−5

10–20 0.007 0.04–0.1 Our study, Sec. VI
[?] [?] [?]

μμμμ 1 × 10−4 G 1 × 10−7 1000 1 × 10−5 10
Recast of expt. result [175,341],
Sec. XI

[?] [?] [?]
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Example 2 (with MET):

Exotic decay of the SM Higgs boson (jj+met)

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6

h h h h

h h h

h → 2 h → 2 → 3 h → 2 → 3 → 4 h → 2 → (1 + 3)

h → 2 → 4 h → 2 → 4 → 6 h → 2 → 6

H

j�̃0
1

j
�̃0

2
�̃0

2

�̃0
1

�̃0
1�̃0

1

j

j

m1

m2
m1

j

j

j

j
med

For example:

LHC:  10(s)%

Examples:

Covers difficult channels at the LHC
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A few words on the Physics

Physics: ... but a great Z&W factory !

Z-factory 

Current accuracy

CEPC: baseline and improvements

MZ ΓZ MW Rb Rl AbFB sin2θW Nν
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Precision Electroweak Measurements at the CEPC
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projection:  Zhijun Liang

Based on Giga-Z. Large improvement.  
Systematic dominated
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My Summary

My Summary

CEPC is quite similar to ILC@250 in
Cost
Physics potential
Time-line (It might seem optimistic, but remember that it is just a
very big electron synchrotron - something one knows how to build !)
Both will upgrade after 10 years (Although only ILC will make an
upgrade that makes sense ...)

⇒ Unlikely that both would be built ...
We are already collaborating, via LCTPC and CALICE
Most effort (and funding) is on the machine, and on CEPC, not
SppC.
Much less on detector development and SW⇒We would find our
place in those fields.
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My Summary

All about it:

November 6, 2017 

Progress report, along with the preCDR, is available at  

14 
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