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The Higgs Boson Discovery at LHC
Predicted in 1964, discovered in 2012! 48 year hunting!

An effort by tens of thousands scientists and engineers from all over the world
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First observations of a new particle 
in the search for the Standard 
Model Higgs boson at the LHC  
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Higgs as a special probe

• Measure Higgs properties with highest precision 

• Many different couplings fixed by masses, yukawa hierarchy? 

• Have neutrinos a special role? 
•    determines shape and evolution of the Higgs potential → cosmological implications 

• New dark states? → Portal to new physics beyond SM  

• Search for rare processes, through high-accuracy studies of SM cross sections
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ℒHiggs = (Dμϕ)†(Dμϕ)−V(ϕ†ϕ) −ψLΓψRϕ −ψRΓ†ψLϕ†

V(ϕ†ϕ) = −m2
H

2 ϕ†ϕ + 1
2 λ(ϕ†ϕ)2

λ = m2
H

2v2

λ

e+e- colliders offer clear advantages due to the potentially high accuracy of measurements



Revived e+e- Circular Colliders
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LEP stopped taking data in 2000 limited by synchrotron energy loss
Center mass energy: √s = 209 GeV 

Just a few GeV below the required energy to produce Higgs events copiously
√s = 240 GeV

Relatively low Higgs mass: 
mH = 125 GeV

240 GeV
209 GeV ∼ 1.14

Synchrotron energy loss

E4

r
= 1.144

3.5 ∼ 0.5
radius increased by 3.5× 

~100 km accelerator
adequate

for Higgs studies



The CEPC Program
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Higgs production in e+e- collisions
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Events at 5 ab-1

ZH: 106 events

ννH: 104 events

e+e-H: 103 events

S/B
1:100-1000

Observables: 
Higgs mass, CP, σ(ZH), 

event rates (σ(ZH, vvH)*Br(H→X) ), 
Differential distributions 

Extract:
Absolute Higgs width, 

couplings



Higgs Couplings Measurement
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Integration to HL-LHC

18/5/25 Kaili Zhang 18

*: here 𝐵𝑟𝑖𝑛𝑣 for BSM.

ATL-PHYS-PUB-2014-016

The improvement of 𝜅𝛾 from ൗ𝐵𝑟𝑍𝑍
𝐵𝑟𝛾𝛾 = 4%

𝜅 Framework
• Model independent implication

• Detector’s benchmark; Constrain to new physics models;

• In CEPC

• We have 𝜎 𝑍𝐻 = 0.5% constrain 𝜎(𝜅𝑧) < 0.25%.

• For Production, ZH & WW fusion process, all contribute to 𝜅𝑍2; 𝜅𝑤2 ;

• For Partial decay, no top quark 𝜅𝑡 like: 𝜅𝑍2, 𝜅𝑊2 , 𝜅𝑏2, 𝜅𝑐2, 𝜅𝑔2, 𝜅𝜏2, 𝜅𝛾2, 𝜅𝜇2, ……

• For Total width Γ𝐻. Γ𝐻 = Γ𝑆𝑀 + Γ𝐵𝑆𝑀.

• If we assume no exotic decay, Γ𝑆𝑀 can be resolved as: all 𝜅 correlated this way;

Γ𝑆𝑀 = 0.2137𝜅𝑊2 +0.02619𝜅𝑍2+0.5824𝜅𝑏2+0.08187𝜅𝑔2+0.002270𝜅𝛾2+0.06294𝜅𝜏2+0.02891𝜅𝑐2

• Z → μμ, H → ττ channel, the signal will be 𝜅𝑍2𝜅𝜏2/Γ𝐻; For 𝜈𝜈𝐻 → 𝑏𝑏, it’s 𝜅𝑊2 𝜅𝑏2/Γ𝐻

18/5/25 Kaili Zhang 16

𝜅 defined as the ratio of the Higgs coupling to SM expects.

ATL-PHYS-PUB-2014-016 

Precision of Higgs couplings measurement compared to HL-LHC

HL-LHC

CEPC
~1% uncertainty

KZ ~ 0.2 %



Higgs Couplings Measurement
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𝜅 defined as the ratio of the Higgs coupling to SM expects.

ATL-PHYS-PUB-2014-016 

Precision of Higgs couplings measurement compared to ILC

ILC
CEPC

~1% uncertainty

KZ ~ 0.2 %

Compared to ILC(1710.07621)

18/5/25 Kaili Zhang 19

ILC used more aggressive 𝜅𝛾 , by ratio ൗ𝐵𝑟𝑍𝑍
𝐵𝑟𝛾𝛾 = 2%



Many BSM models impact Higgs couplings at percentage level
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Model bb cc gg WW ⌧⌧ ZZ �� µµ
1 MSSM [38] +4.8 -0.8 - 0.8 -0.2 +0.4 -0.5 +0.1 +0.3
2 Type II 2HD [39] +10.1 -0.2 -0.2 0.0 +9.8 0.0 +0.1 +9.8
3 Type X 2HD [39] -0.2 -0.2 -0.2 0.0 +7.8 0.0 0.0 +7.8
4 Type Y 2HD [39] +10.1 -0.2 -0.2 0.0 -0.2 0.0 0.1 -0.2
5 Composite Higgs [40] -6.4 -6.4 -6.4 -2.1 -6.4 -2.1 -2.1 -6.4
6 Little Higgs w. T-parity [41] 0.0 0.0 -6.1 -2.5 0.0 -2.5 -1.5 0.0
7 Little Higgs w. T-parity [42] -7.8 -4.6 -3.5 -1.5 -7.8 -1.5 -1.0 -7.8
8 Higgs-Radion [43] -1.5 - 1.5 +10. -1.5 -1.5 -1.5 -1.0 -1.5
9 Higgs Singlet [44] -3.5 -3.5 -3.5 -3.5 -3.5 -3.5 -3.5 -3.5

Table 3: Percent deviations from SM for Higgs boson couplings to SM states in various new
physics models. These model points are unlikely to be discoverable at 14 TeV LHC through
new particle searches even after the high luminosity era (3 ab�1 of integrated luminosity).
From [20].

and one to down fermions only), and type X and Y models (with more complicated
discrete symmetries that protect flavor observables) [39].

5.2 Comparisons of models to the ILC potential

All of these ideas lead to models with deviations from the SM expectations of the
couplings of the 125 GeV Higgs boson to SM states. Table 3 collects a set of models
of new physics based on the ideas described in the previous section and on several
additional ideas of interest to theorists. For each model, we chose a representative
parameter point for which the predicted new particles would be beyond the reach of
the 14 TeV LHC with the full projected data set. The deviations of Higgs couplings
from the SM expectations at these representative model points are listed in the Table.
(For details, see [20] as well as the papers cited in Table 3.) These examples illustrate
diverse possibilities for models with significant deviations of the Higgs couplings from
the SM expectation that would be allowed even if the LHC and other experiments are
not able to discover the corresponding new physics beyond the SM. We should make
clear that the quantitative statements to follow refer to these particular models at the
specific parameter points shown in the Table. Figure 9 shows graphically the ability
of ILC measurements to distinguish the Higgs boson couplings in the models in the
Table from the SM expectations and from the expectations of other models. Each
square shows relative goodness of fit for the two models in units of �. The top figure
is based on the covariance matrix from the 250 GeV stage of the ILC, corresponding
to the second column of Table 1. The bottom figure reflects the full ILC program with
500 GeV running, corresponding to the fourth column of Table 1. It is noteworthy
that, once it is known that the Higgs boson couplings deviate significantly from the

25

LHC not likely to be sensitive to these models even with full HL-LHC dataset
arXiv: 1710.07621

CEPC will be sensitive to these



BSM Physics through Exotic Higgs Decays
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Chinese Physics C Vol. 41, No. 6 (2017) 063102

(bb̄)(⌧+
⌧
�), (⌧+

⌧
�)(⌧+

⌧
�), (jj)(��), and (��)(��) de-

cay channels. For a decay topology of h ! 2 ! 3 ! 4
where intermediate resonances are involved, we choose
the lightest stable particle mass to be 10 GeV, the mass
splitting to be 40 GeV and the intermediate resonance
mass to be 10 GeV, which applies to (bb̄)+/ET, (jj)+/ET,
(⌧+

⌧
�)+/ET. For a decay topology of h! 2! (1+3), we

choose the lightest stable particle mass to be 10 GeV and
the mass splitting to be 40 GeV, which applies to bb̄+/ET,

jj+ /ET, ⌧+
⌧
�+ /ET. For the Higgs invisible decays, we

take the best limits in the running scenario ECFA16-S2
amongst the Zh associated production and VBF search
channels [12–14].

For the Higgs invisible decays at lepton colliders, we
quote the limits from current studies [16–18]. These lim-
its do not depend on the invisible particle mass using the
recoil mass technique at lepton colliders.

HL-LHC
CEPC
ILC(H20)
FCC-ee

MET (bb)+MET
(jj)+MET

(ττ)+MET
bb+MET
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ττ+MET
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95% C.L. upper limit on selected Higgs Exotic Decay BR

Fig. 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 correspond-
ing Fig. 12, we can clearly see the improvement in 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 improve-
ments on the limits of the Higgs exotic decay branch-
ing fractions vary from one to four orders of magni-
tude for these channels. The lepton colliders can im-
prove the limits on the Higgs invisible decays beyond the
HL-LHC projection by one order of magnitude, reach-
ing the SM invisible decay branching fraction of 0.12%
from h ! ZZ

⇤
! ⌫⌫̄⌫⌫̄ [56]. For the Higgs exotic de-

cays into hadronic particle plus missing energy, (bb̄)+/

ET, (jj)+/ET and (⌧+
⌧
�)+/ET, the future lepton colliders

improve on the HL-LHC sensitivity for these channels by
roughly four orders of magnitude. This great advantage
benefits a lot from low QCD background and the Higgs
tagging from recoil mass technique at future lepton col-
liders. As for the Higgs exotic decays without missing
energy, the improvement varies between two to three or-
ders of magnitude, except for the one order of magnitude
improvement for the (��)(��) channel. Being able to re-
construct the Higgs mass from the final state particles
at the LHC does provide additional signal-background
discrimination power and hence the future lepton collid-
ers improvement on Higgs exotic decays without miss-

ing energy is less impressive than for those with missing
energy. Furthermore, 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 ener-
gies.

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� !ZH with
Z ! `

+
`
� and h !exotics up to four-body final state,

but further inclusion of the hadronic decaying spectator
Z-boson and even invisible decays of the Z-boson would
definitely improve the statistics and consequently result
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 particles
whose decay products will be collimated, but postpone
this for future study when the detector performance is
more clearly defined. There are many more exotic Higgs
decay modes to consider, such as Higgs decaying to a
pair of intermediate particles with un-even masses [25],
Higgs CP property measurements from its decay di↵eren-
tial distributions [57–60], flavor violating decays, decays
to light quarks [61], decays into meta-stable particles,
and complementary Higgs exotic productions [62]. Our
work is a first systematic study evaluating the physics

063102-12

Z. Liu, H. Zhang, LT Wang, 1612.09284
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sions of the Higgs exotic decays at di↵erent future lep-
ton colliders. In Section 3, we describe our simulation
framework and present our phenomenological analysis
for various Higgs exotic decay modes. We summarize
the physics potential from the Higgs exotic decays at
the (HL-)LHC and the future lepton collider programs
in Section 4. In our summary table, we include compre-
hensive projections and show the complementarity be-
tween future lepton collider programs and the HL-LHC.
We also discuss many important future directions for the
Higgs exotic decay programs.

2 Theoretical framework

2.1 Higgs exotic decay modes considered in this

work

The Higgs boson BSM decays have a rich variety of
possibilities. To organize this study on Higgs boson BSM

decays, we selectively choose a set of phenomenologically
driven processes. We focus on two-body Higgs decays
into BSM particles, which are allowed to subsequently
decay further, up to four-body final states. We only
consider the Higgs boson as an CP-even particle. CP-
violation e↵ects would a↵ect various di↵erential distri-
butions, and this demands future study. These processes
are well-motivated by SM+singlet extensions, two-Higgs-
doublet-models, SUSY models, Higgs portals, gauge ex-
tensions of the SM, etc. These assumptions have also
been emphasized in the recent overview of Higgs exotic
decays [25] and the CERN yellow report [26].

We consider in general the exotic Higgs decays into
BSM particles dubbed as Xi, h ! X1X2. The cascade
decay modes are classified into four cases, schematically
shown in Fig. 1. We discuss their major physics motiva-
tion and features at lepton colliders in order.

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 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

Fig. 1. The topologies of the SM-like Higgs exotic decays.

h! 2: The Xis in this case are detector-stable and
charge-neutral. ⇤ They could be dark matter candi-
dates. The Higgs portal [27] to dark matter models, in-
cluding various SUSY light dark matter models [28–38],
motivates this BSM search channel. The lepton collider
background for this channel are mainly from the process
e
+
e
�

! ZZ ! Z + ⌫⌫̄ and e
+
e
�

! W
+
W

�
! `

+
`
�
⌫⌫̄.

This channel, due to its simplicity and importance, has
been studied by most of the future lepton collider pro-
grams [16–18] and we will quote these results in our sum-
mary table. We include this channel here for complete-
ness. In addition, many of the models that motivate this
channel also induce other Higgs exotic decays we consider
in this study.

h! 2! 3! 4: This is the topology in which X1 is
detector-stable and X2 decays to two particles, with
one of these decay products further decaying into two

particles. A typical BSM model for such decay modes
is the Higgs decaying into the lightest supersymmetric
particle (LSP) plus a heavier neutralino, which subse-
quently decays into the LSP plus a resonant BSM par-
ticle. This resonant BSM particle could be a singlet-
like scalar in the Next-to-Minimal-Supersymmetric-
Standard-Model (NMSSM). Many SUSY models which
motivate Higgs invisible decays also induce this decay
channel, e.g. [38, 39]. It also commonly exists in the
so-called “stealth SUSY” models [40]. This singlet-like
scalar decays into SM fermion pairs, giving rise to the fi-
nal state of a pair of resonant SM particles plus missing
energy, dubbed h ! (ff)+ /ET.† In this study, we only
consider the channels which are very challenging at the
LHC, h ! (jj)+/ET, h ! (bb̄)+/ET and h ! (⌧+

⌧
�)+/

ET. For the hadronic channels, the major background is
from the SM Higgs decay modes h!ZZ

⇤
! jj+⌫⌫̄ and

⇤The possibility of a detector-stable electrical charged particle Xi is usually more contrived and excluded from direct Drell-Yan
production by both LEP and the LHC. Hence, we ignore this possibility here.

†At lepton colliders we could use the quantity missing momentum instead of Missing Transverse Energy (MET) /ET. The former
carries more information while the latter is more widely used in the hadron collider analyses. For the decay channel considered in our
analyses, the reach can be improved only marginally by the inclusion of the z-direction missing momentum information because of the
already great limit achieved and additional uncertainties from the beamstrahlung e↵ect [41] and the initial state radiation (ISR) e↵ect [42].
Consequently, we use only the more widely adopted missing transverse energy throughout this study.

063102-2

e+e- collider better than HL-LHC for 
MET+hadronic activity final states

General search for BSM



Top Mass Prediction from Precision Electroweak data
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W mass measurement
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Ecm (GeV) Lumiosity(ab-1) Cross section (pb) Number of WW pairs (M)

157.5 0.5 1.6 0.8

161.5 0.2 5.1 1.0

162.5 1.3 6.6 8.6

172.0 0.5 12.4 6.2

2 methods to extract W mass

Direct measurement √s = 240 GeV
WW → lνqq , WW → qqqq  

Energy scan threshold
Limiting factor is beam energy uncertainty: ΔE ~ 0.5 MeV 

Hengne Li, 24-26 May 2018, CEPC Workshop, Rome, Italy

Mass Reconstruction
❖ Reconstruct the W boson invariant mass directly 

from the W decay products

❖ For WW->lνqq

❖ A 2-jet pair, and a lepton + MET

❖ For WW->qqqq

❖ Complicated by combinatorial ambiguities of jet 
pairing from two W decays.

❖ W mass value can be used as an estimator to find 
the best combination

❖ Remaining incorrect pairing treated as 
background (10 - 15% for LEP experiments)

!14

P1: FQP

September 14, 2000 21:20 Annual Reviews AR115-06

PRECISION MEASUREMENTS OF THE W BOSON MASS 235

Figure 11 Analysis of data
from theL3 experiment for the
W+W− → qqqq channel for
data taken at

√
s = 189 GeV.

data to Monte Carlo spectra corresponding to different values of MW. In addition
to its simplicity, this method has the advantage that all biases (from resolution,
ISR, selection, etc) are implicitly included in the Monte Carlo distributions. The
disadvantage of this method is that it may not make optimal use of all available
information. DELPHI employs a convolution technique, which makes use of addi-
tional information; in particular, events are weighted by the errors of the fit. The
convolution is limited in that it requires various approximations (e.g. the resolu-
tion is often assumed to be Gaussian) and often requires an a posteriori correction
because the fit procedure does not account for all biases, notably from ISR and
selection. As a cross check of the fitting procedure, all experiments fit the data
to a relativistic Breit-Wigner (with s-dependent width) plus background, which
also requires a posteriori corrections. Since the dominant systematic uncertainties
differ,MW is measured separately for the qqqq and the qqℓν samples. The results
are then combined, taking correlations into account, to yield an improved mea-
surement of MW. In the results given here, the standard-model relation between
MW and #W has been assumed (50).
Table 4 displays the results from each LEP experiment, using data collected at√
s = 172–189 GeV (47–49), for the qqℓν channel. Table 5 gives the results for

the qqqq channel.9 Also included is the combined result of all the measurements.

9These results are based in part on preliminary numbers for the data taken at
√
s = 189

GeV.
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The W mass measurement
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Fig. 5 Profiles of !χ2 versus MH (top), MW (middle) and sin2θℓ
eff

(bottom). In blue the present result and in light blue, green and orange
the present, LHC and ILC/GigaZ scenarios, respectively, all using the
future fit setup (reproducing MH ≃ 125 GeV) with corresponding
uncertainties. The impact of the theoretical uncertainties is illustrated
by the width of the coloured curves. See Table 3 for the numerical results
of these fits

almost a factor of 3 at the ILC/GigaZ. Again the current and
expected future direct measurements are also indicated on
the figure, keeping the central value unchanged. No improve-
ment in the precision of the direct measurement is expected
from the LHC, leaving the direct measurement a factor 5
less precise than the indirect determination. Only within the
ILC/GigaZ scenario a similar precision between the predic-
tion and direct measurement can be achieved.
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Fig. 6 Fit constraints for the present and extrapolated future scenarios
compared to the direct measurements for the observable pairs MW ver-
sus mt (top) and MW versus sin2θℓ

eff (bottom). The direct measurements
are not included as input measurements in the fits. For the future sce-
narios the central values of the other input measurements are adjusted
to reproduce the SM with MH ≃ 125 GeV. The horizontal and verti-
cal bands indicate in blue today’s precision of the direct measurements
and in light green and orange the extrapolated precisions for the LHC
and ILC/GigaZ, respectively. The ellipses receive significant contribu-
tions from the theoretical uncertainties parametrised by δtheo MW and
δtheo sin2θ

f
eff . For better visibility the measurement ellipses correspond-

ing to two degrees of freedom are not drawn

Figure 6 shows the allowed areas obtained for fits with
fixed variable pairs MW versus mt (top) and MW versus
sin2θℓ

eff (bottom) in the three scenarios. The horizontal and
vertical bands display the 1σ ranges of the current direct mea-
surements (blue), as well as the LHC (green) and ILC/GigaZ
(orange) expectations in precision. A modest improvement in
precision is achieved for the LHC, represented by the green
ellipses, when confronting the direct measurements with the
SM predictions. A much stronger increase in precision and
sensitivity is obtained with the ILC/GigaZ (orange ellipses).

3.3 Impact of the individual uncertainties

Table 4 shows a breakdown of the predicted uncertainties
of various parameters as obtained from the reduced elec-

123

Expectation in the future

!20

Future with CEPC contribution

MW = 80363 MeV ± 2  MeV 

MW = 80385 MeV ± 3 MeVPredicted

Measured + CEPC

❖ Borrow the figure from GFitter for 
LHC+ILC:

❖ Assume ILC gives similar 
improvements as CEPC on the 
“predicted values”

❖ Assume the directly measured 
central value does not change in 
the future

❖ A possible 4 to 5-sigma 
“bug” can be found in SM 
with the CEPC efforts!!! 



Electroweak observables at CEPC
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Status of W/Z physics study in CEPC
• The prospect of W/Z physics study in CEPC are under study

– New full simulation with latest detector geometry and magnetic field (3T)

3

Expect to have ~1011 Z boson for electroweak precision physics 



New physics from precision measurements
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10 OVERVIEW OF THE PHYSICS CASE FOR CEPC-SPPC
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Figure 2.3 Left: CEPC constraints on the oblique parameters S and T , compared to the current constraints.
Right: CEPC constraints on the oblique parameters S and T , for the baseline scenario and two possible
improvements. Notice that the axes of this plot have zoomed in by a factor of 5 compared to those of left
panel. For clarity we show only 1� (��2

= 2.30) constraints.

a luminosity comparable to that of the LHC, increases the mass reach for new particles
by a factor of about five relative to the LHC. We illustrate this with typical production
cross-sections for W 0, Z 0s, colored and uncolored particle pair production shown below
in Fig. 2.4.

mass [TeV]
0 1 2 3 4 5 6 7 8

) [
pb

]
χχ 

→
(p

p 
σ

-610

-510

-410

-310

-210

-110

1

10

210

310

410

510

)
-1

(3
 a

b
nu

m
be

r o
f e

ve
nt

s 

10

210

310

410

510

610

710

810

910

1010

1110NLO+NLL
(100 TeV) Gluino
(100 TeV) Squark

(14 TeV) Gluino
(14 TeV) Squark

mass [TeV]
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

) [
pb

]
χχ

→
(p

p
σ

-910

-810

-710

-610

-510

-410

-310

-210

-110

1

10

210

310

)-1
(3

 a
b

nu
m

be
r o

f e
ve

nt
s 

-210

-110

1

10

210

310

410

510

610

710

810

910(100 TeV)Wino 
(100 TeV)Higgsino 

(14 TeV)Wino 
(14 TeV)Higgsino 

 [TeV]TM
2 4 6 8 10 12 14 16

 T
T)

 [p
b]

→
(p

p 
σ

-610

-510

-410

-310

-210

-110

1

10

210

)
-1

(3
 a

b
nu

m
be

r o
f e

ve
nt

s 

10

210

310

410

510

610

710

810

910Fermionic Top Partner

100 TeV

14 TeV

Figure 2.4 Production cross section of new physics particles. Top left: gluino and squark. Top right:
higgsino and wino. Bottom left: fermionic T 0. Bottom right: W 0 and Z 0.

Due to rapidly falling parton luminosities, the rates for processes at fixed invariant
masses also increases dramatically in going from 14 to 100 TeV, as illustrated in Fig. 2.5
[29]. This will allow several extremely rare standard model processes to be seen for the
first time.

From PreCDR
arxiv:1411.1054

Probe New Physics scale up to O(10-100) TeV 

Improvement from 
top mass



A few other physics highlights
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Is EWPT 1st order? Naturalness

Dark sector search
With Z rare decay

Origin of neutrino 
mass



CEPC Accelerator Chain and Systems
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Injector Booster 
100 km

Collider 
Ring 

100 km

10 GeV
Energy ramp

10 GeV

45/80/120 GeV

45/80/120 GeV beams

Three machines in 
one single tunnel

- Booster and CEPC
- SPPC

e-

e+

√s = 90, 160 or 240 GeV
2 interaction points

CDR provides details of all 
systems

The key systems of CEPC:
1) Linac Injector
2) Booster
3) Collider ring
4) Machine Detector Interface
5) Civil Engineering
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The 100k tunnel cross section
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Proposed in Lausanne Workshop in 1984

LEP tunnel internal diameter is 3.8 metres in the arcs

CEPC 
Booster

SPPC 
collider

CEPC 
collider

4.4 or 5.5 metres in the straight sections
CEPC Civil Engineering Design very advanced



The CEPC Baseline Collider Design
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Double ring
Common RF cavities for Higgs

Two RF sections in total

Two RF stations per RF section

10 x 2 = 20 cryomodules

6 2-cell cavities per cryomodule



The CEPC Baseline Collider Design — Injection
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Total beam transfer
efficiency: 90%

e+/e- beam energy:
10 GeV

Positron target

45 GeV Plasma Wakefield 
Accelerator considered 

as an alternative



Main Parameters of Collider Ring
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 Higgs W Zҁ3T҂ Zҁ2T҂

Number of IPs 2
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) 16.5×2
Piwinski angle 2.58 7.0 23.8

Number of particles/bunch Ne (1010) 15.0 12.0 8.0

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

Beam current (mA) 17.4 87.9 461.0
Synchrotron radiation power /beam (MW) 30 30 16.5

β function at IP βx* / βy* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001

Emittance εx/εy (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016

Beam size at IP σx /σy (µm) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04

RF frequency f RF (MHz)  (harmonic) 650 (216816)

Bunch length σz (mm) 3.26 5.9 8.5

Natural energy spread (%) 0.1 0.066 0.038
Photon number due to beamstrahlung 0.29 0.35 0.55
Lifetime (hour) 0.67 1.4 4.0 2.1

Luminosity/IP L (1034 cm-2s-1) 2.93 10.1 16.6 32.1



Accelerator key technologies R&D
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◆ Polarized electron gun
ꔄ Super-laIce GaAs photocathode DC-Gun

◆ High current positron source
ꔄ bunch charge of ~3nC,
ꔄ 6Tesla Flux Concentrator peak magnetic field

◆ SCRF system
ꔄ High Q cavity - Max operation Q0 = 2×1010 @ 2 K
ꔄ High power coupler - 300kWҁVariable҂

◆ High efficiency CW klystron
ꔄ Efficiency goal > 80%

◆ Low field dipole magnetҁbooster҂
ꔄ Lmag = 5 m, Bmin = 30 Gs, Errors <5×10-4

◆ Vacuum system 
ꔄ 6m long cooper chamber
ꔄRF shielding bellows

◆ Electro-static separator 
ꔄMaximum operating field strength: 20kV/cm
ꔄMaximum deflection: 145 urad

◆ Large scale cryogenics
ꔄ 12 kW @4.5K refrigerator, Oversized, 
ꔄCustom-made, Site integration

◆ HTS magnet 
ꔄAdvanced HTS Cable R&D: > 10kA
ꔄAdvanced High Field HTS Magnet R&D: main 

field 10~12T

The key accelerator  technologies are under studying with dedicated funds

Multiple prototypes have been constructed or are under design/construction



Accelerator key technologies R&D — prototypes
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CEPC 650 MHz Cavity 

Collaboration with Photon Source 
projects in Shanghai and Beijing

(1.3 GHz cavities)

High Efficiency Klystron
“High efficiency klystron collaboration consortium”, including IHEP, 

Institute of Electronic) of CAS,  and Kunshan Guoli Science and Tech.

3 high-efficiency 
klystron (up to 80%) 

prototypes to be built 
by 2021

Lmag = 5 m, Bmin = 30 Gs, Errors <5×10-4

Booster low-field dipole magnets Vacuum system R&D

- 6m copper vacuum chamber: pressure 2 × 10-10 torr
- Bellows module: allow thermal expansion, alignment



Site selection
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Qinhuangdao, Hebei 

����

Huangling, Shanxi 
����

Shenshan, Guangdong 
����� Hong

Kong

Shanghai

Beijing

1) Qinhuangdao, Hebei Province（Completed in 2014）
2) Huangling, Shanxi Province（Completed in 2017)
3) Shenshan, Guangdong Province(Completed in 2016)
4) Baoding (Xiong an), Hebei Province (Started in August 
2017)
5) Huzhou, Zhejiang  Province (Started in March 2018)
6) Chuangchun, Jilin Province (Started in May 2018)
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Xiong an, Hebei 

���

Huzhou, Zhejiang 
����

Chuangchun, Jilin  
�
�	

Considerations:
1. Available land
2. Geological conditions
3. Good social, environment, 

transportation and cultural 
conditions

4. Fit local development plan:    
mid-size city → + science city

Completed 2014

Completed 2017

Completed 2016

Started Aug, 2017

Started Mar, 2018

Started May, 2018



Detector Conceptual Designs (CDR)
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Baseline detector (3 Tesla)
ILD-like

(similar to pre-CDR)

Final two detectors likely to be a mix and match of different options

DR
AF

T-
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

Low
magnetic field

concept
(2 Tesla)

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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CEPC baseline detector: ILD-like
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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 ~ 30%/√E 

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



CEPC baseline detector: ILD-like: Design Considerations
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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 ~ 30%/√E 

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

Major concerns being addressed
1. MDI region highly constrained

L* increased to 2.2 m
Compensating magnets

3. TPC as tracker in high-luminosity
Z-pole scenario

4. ECAL/HCAL granularity needs
Passive versus active cooling

2. Low-material Inner Tracker design



Low magnetic field detector concept
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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 Magnet: 2 Tesla, 2.1 m radius
    Thin (~ 30 cm), low-mass (~0.8 X0)

DR
AF

T-
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

Open for collaboration within China
Similar to Concept Detector for FCC-ee

New technology
proposal:
μRwell

158 MUON SYSTEM

as well as current evacuation. The foil is then coupled to a readout board 8.2b). A chemi-
cal etching process is then performed on the top surface of the overall structure in order to
create the WELL pattern (conical channels 70 um (50 um) top (bottom) in diameter and
140 µm pitch) that constitutes the amplification stage 8.2c). The high voltage applied be-
tween the copper and the resistive DLC layers produces the required electric field within
the WELLs that is necessary to develop charge amplification. The signal is capacitively
collected at the readout strips/pads. Two main schemes for the resistive layer can be en-
visaged: a low-rate scheme ( for particles fluxes lower than 100 kHz/cm2) based on a
simple resistive layer of suitable resistivity; and an high-rate scheme (for a particle flux
up to 1MHz/cm2) based on two resistive layers intra-connected by vias and connected to
ground through the readout electrodes. Finally, a drift thickness of 3-4 mm allows for
reaching a full efficiency while maintaining a versatile detector compactness.

Figure 8.2: a) Layout of a µRWell detector module; b) Coupling steps of the µRWell PCB c) Ampli-
fication stage directly coupled with the readout.

A distinctive advantage of the proposed µRWell technology is that the detector does
not require complex and time-consuming assembly procedures (neither stretching nor glu-
ing), and is definitely much simpler than many other existing MPGDs, such as GEMs or
MicroMegas. Being composed of only two main components, the cathode and anode
PCBs, is extremely simple to be assembled. The engineering and the following indus-
trialization of the u-RWell technology is one of the most important goals of the project.
The engineering of the detector essentially coincides with the technological transfer of
the manufacturing process of the anode PCB to a suitable industrial partner. The main



Detector optimization
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ARBOR ALGORITHM & STRATEGY TO THE OBJECT RECONSTRUCTION 183

Figure 11.1: KL shower reconstructed by the Arbor algorithm, the branches � the calorimeter hit
clusters � are corresponding to the trajectories of charged particles generated in the shower cascade.
The interaction points could be clearly identified.
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Figure 11.2: Dummy Plots for the Hit collection efficiency.

performance, dedicated di-photon sample has been generated. Fig. 11.3 shows the re-
construction efficiency of these 2 photon events (characterized as successfully reconstruct
two photon with anticipated energy and positions). Defining the critical distance at which
50% of the event are successfully reconstructed, we observed that the critical distance is
roughly 2 times the cell size for cell size smaller than the Moliere radius.

Optimization based on 
particle flow oriented detector

and
full simulation Geant4

KL shower reconstructed by the Arbor algorithm 

Common CEPC software tools
available at:

http://cepcsoft.ihep.ac/docs

25/05/2018 CEPC WS@Rome 5Some studies done with fast simulation



Detector optimization: Benchmark measurements

�31
25/05/2018 CEPC WS@Rome 7

Benchmark measurements

ll vv qq Z boson
decay 

Final state

qq,
gg

ττ

WW, ZZ,
Zγ

Higgs 

μμ, γγ

Lepton & Momentum 
resolution: Br = 6.7%

Flavor Tagging & JER: 
Br = 14%

Composition of 
Jet/MET, lepton: Br = 4%

Jet Clustering: Br = 50%

Photon/ECAL: Br = 0.2%

qqH, H->inv. MET & NP: 
SM Br = 0.1%

EW, Br(tau->X) @ Z pole:
Separation



Detector optimization
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Optimized (CDR) Comments

B Field 3 Tesla Required from beam emmitance

TPC radius 1.8 m Required by Br(H→μμ) measurement  

TOF 50 ps Pi-Kaon separation at Z pole

ECAL thickness 84 mm Optimized for Br(H->γγ) at 250 GeV

ECAL cell size 10 mm Maximum for EW measurements,  
better 5 mm but passive cooling needs 20 mm

ECAL num. layers 25 Depends on silicon sensor thickness

HCAL thickness 1 m

HCAL num. layers 40 Optimized for Higgs at 250 GeV



Interaction region: Machine Detector Interface
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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 136 T/m 1.73m 19 mm

LumiCal

166 CEPC INTERACTION REGION AND DETECTOR INTEGRATION

Z [mm]
0 1000 2000 3000 4000 5000 6000

R
 [m

m
]

-400

-200

0

200

400

600

800

1000

VTX

LumiCal

FTD
SIT

TPC ECal HCal Yoke/Muon

BeamPipe

 = 0.993θcos

QD0

Quadrupoles
ShieldingCryostat

Compensating Solenoid
Anti Solenoid

QF1

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

Lumi unc: 1 × 10-3

(studies lead by Vinca 
and Academia Sinica)

Challenging engineering design



Interaction region: Machine Detector Interface
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• Radiative	Bhabha	scattering	
• Beam-beam	interactions	
• Synchrotron	radiation	
• Beam-gas	interactions	

Machine induced backgrounds

Studies for new configuration being finalized}
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)

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⇥ 10

11

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 ⇠ 10

12 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.

Vertex layer:
1 2                   3 4                    5 6 



Baseline Pixel Detector Layout
3-layers of double-sided pixel sensors

✦ ILD-like layout
✦ Innermost layer: σSP = 2.8 μm
✦ Polar angle θ ~ 15 degrees

Implemented in GEANT4 simulation framework (MOKKA)

DETECTOR PERFORMANCE STUDIES 13

R(mm) |z|(mm) |cos✓| �(µm) Readout time(us)

Layer 1 16 62.5 0.97 2.8 20
Layer 2 18 62.5 0.96 6 1-10
Layer 3 37 125.0 0.96 4 20
Layer 4 39 125.0 0.95 4 20
Layer 5 58 125.0 0.91 4 20
Layer 6 60 125.0 0.90 4 20

Table 4.1: Vertex detector parameters

embedded in the jets. For CEPC operation at the center-of mass energy of 240 GeV, those
tracks are often of low momentum, for which the multiple scattering effect dominates the
tracking performance as illustrated by Eq. 4.1

The CEPC vertex detector layout has been fully implemented in the GEANT4-based
simulations framework MOKKA [2]. In addition, as inspired by the detailed studies for
the CLIC detectors [3], fast simulation with the LiC Detector TOY simulation and re-
construction framework (LDT) [4] has been used for detector performance evaluation and
layout optimisation. The preliminary studies for optimisation to evaluate the sensitivity
of the results on the chosen parameters had been done, for the purpose of assessing the
impact of the detector geometries and material budgets on required flavor-tagging perfor-
mance. However, beam-induced background was not included at the moment.

4.3.1 Performance of the Baseline Configurations

The impact parameter resolution following from the single point resolutions provided in
the table 4.1 is displayed in figure 4.2 as a function of the particle momentum, showing
that the ambitious impact parameter resolution is achievable.

4.3.2 Material Budget

The baseline design includes very small material budget for the beam pipe as well as for
the sensor layers and their support. To assess the sensitivity of the performance on the
amount of material, the material budget for the detection layers of the vertex detector has
been varied. The resulting transverse impact-parameter resolutions for low-momentum
tracks are shown in Figure 4.3. When increasing the material of the detector layers by a
factor of two, the resolution will be degraded by approximately 20%.

4.3.3 Dependence on Single-Point Resolution

The dependence of the transverse impact-parameter resolution on the pixel size was stud-
ied by varying the single-point resolution for the simulation of the vertex layers by worse
of 50% w.r.t. the baseline values. The resulting resolutions for high and low track mo-
menta as function of the polar angle ✓ are shown in Figure 4.4. The resolution for
track momenta of 100GeV is found to change by approximately 50% in the barrel re-
gion. Here they exceed the target value for the high-momentum limit of a⇡5µm for both
pixel sizes, as expected from the corresponding single-point resolutions. For 1GeV, where
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Ping Yang (CCNU ) 13

CMOS pixel sensor & technology 
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➢ 	Integrated	sensor	and	readout	electronics	on	the	same	silicon	bulk	with	
“standard”	CMOS	process	:	low	material	budget,	low	power	consumption,			
low	cost	…		

	Ultimate	(Mimosa	28)	installed	for	STAR	PXL,	ALPIDE	for	ALICE	ITS	Upgrade

➢ Selected	TowerJazz	0.18	µm	CIS	technology	for	CEPC	R&D,	featuring:		
• Quadruple	well	process:		deep	PWELL	shields	NWELL	of	PMOS		
• Thick	(18-40	μm)	and	high	resistivity	(≥1	kΩ•cm)	epitaxial	layer:	larger	

depletion		
• Thin	gate	oxide	(<	4	nm):	robust	to	total	ionizing	dose	
• 6	metal	layers

25/1/2017IAS Program on High Energy Physics 2017 

Integrated sensor and readout electronics on the 
same silicon bulk with “standard” CMOS process:
- low material budget, 
- low power consumption, 
- low cost …

CMOS pixel sensor (MAPS)

Ladder
1

Ladder
2



Current R&D activities
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Process Smallest 
pixel size

Chips 
designed Observations

CMOS pixel sensor (CPS) TowerJazz CIS 0.18 μm 22 × 22 μm2 2 Founded by MOST and IHEP
SOI pixel sensor LAPIS 0.2 μm 16 × 16 μm2 2 Funded by NSFC

• Institutions: CCNU, NWTU, Shandong, Huazhong Universities and IHEP 

Initial Pixel sensor R&D:

Pixel Detector prototype:
X-Y viewer of VXD and SIT

SIT

VXD

L
L
L

62.5 mm

Double sided ladder Layer 1 (11 mm x 62.5 mm) 
Chip size: 11 mm X 20.8 mm

3 X 2 layer = 6 chips

• Develop full size CMOS sensor for use in real size prototype, with good radiation hardness



Time Projection Chamber (TPC)
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TPC detector concept 

R&D by IHEP, Tsinghua and Shandong
Funded by MOST and NSFC

- 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

• Allows for particle identification
• Low material budget:

• 0.05 X0 including outfield cage in r
• 0.25 X0 for readout endcaps in Z

• 3 Tesla magnetic field —> reduces diffusion of drifting electrons 
• Position resolution: ~100 µm in rφ
• dE/dx resolution: 5%
• GEM and Micromegas as readout
• Problem: Ion Back Flow —> track distortion

Operation at L > 2 × 1034 cm-2 s-1  being studied

- 33 -

Design of the prototype with laser

� Support platform: 1200mm×1500mm (all size as the actual geometry)

� TPC barrel mount and re-mount with the Auxiliary brackets

� Readout board (Done), Laser mirror (Done), PCB board (Done)

Prototype built



Calorimeter options
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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) 
SDHCAL with ThGEM/GEM and Stainless Steel  (IHEP + UCAS + USTC) 
(*) HCAL with Scintillator+SiPM and Stainless Steel (IHEP + USTC + SJTU) 

(*) 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



ECAL Calorimeter  — Particle Flow Calorimeter
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Scintillator-Tungsten Sandwich ECAL

 
Scintillator-W option  

 

10 

Plastic scintillator 
5 x 45 mm2 ( 2 mm thick) 

SiPM

 
Scintillator-W option  

 

10 

Superlayer (7 mm) is made of:
- 3 mm thick: Tungsten plate
- 2 mm thick: 5 x 45 mm2

- 2 mm thick: Readout/service layer

Cell size: 5 x 5 mm2 
       (with ambiguity) 

R&D on-going:
- SiPM dynamic range
- Scintillator strip non-uniformity
- Coupling of SiPM and scintillator

Mini-prototype tested on 
testbeam at the IHEP 



HCAL Calorimeter — Particle Flow Calorimeter
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Scintillator and SiPM HCAL (AHCAL)

DR
AF

T-
0

HADRONIC CALORIMETER FOR PARTICLE FLOW APPROACH 97

ure6.40 shows the AHCAL structure. Figure6.41 shows the AHCAL one layer structure.
The scintillator tiles wrapped by reflective foil are used as sensitive medium, interleaved
with stainless steel absorber. The thickness of active layer is 4 mm to 5 mm, it depend the
thickness of scintillator thickness.

Figure 6.40: Side view of one layer in AHCAL

Figure 6.41: Side view of one layer in AHCAL

The structure of scintillator tiles is shown in Figure 6.42. A dome-shaped cavity
was processed in the center of the bottom surface of each tile via mechanical drilling and
polishing. The diameter and height of cavity are 6mm, 1.5mm, respectively, as shown in
Figure 6.42 (right). This design of cavity can improve response uniformity and decrease
the dead area of HCAL.

Figure 6.42: Top view of a detector cell (left) and sectional view of a detector cell with a dome-shaped
cavity (right)

The AHCAL prototype detector simulated by Geant4 which was encapsulated in
toolkit including several models. The detector model used here was CEPC_v1 detector
model and the sub detector was SiCal. The geometry information was extract by Mokka at
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32 super modules 40 layers

Readout channels:
~ 5 Million (30 x 30 mm2)
~ 2.8 Million (40 x 40 mm2)

Prototype to be built: MOST (2018-2022)
0.5×0.5 m2 ҅35 layer (4λ)҅3×3 cm2  module



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

Central	magne8c	field 3	T

Opera8ng	current 15779	A

Stored	energy 1.3	GJ

Inductance 10.46	H

Coil	radius 3.6-3.9	m

Coil	length 7.6	m

Cable	length 30.35	km

Main parameters of solenoid coil

Design for 2 Tesla magnet presents no problems

120 DETECTOR MAGNET SYSTEM

7.2 The Magnetic Field Requirements and Design

7.2.1 Main parameters

The CEPC solenoid main parameters are given in Table 7.1. The 7.6 m long CEPC de-
tector coil is composed of 5 modules. It batches the construction easiness and risks in-
cluding superconducting wire selection, fabrication of the external support, winding and
impregnation, transport and handling. The design enables the possibility to use shorter
unit lengths of superconducting conductor (1.65 km) and join them in known positions
and in low field regions, on the outer radius of the solenoid. The difference compared to
PreCDR is that the central magnetic field changes from 3.5 T to 3 T. The geometry size is
the same with 3.5 T design, as shown in Figure 7.1. There are five modules of the coil.

The solenoid central field (T) 3 Working current (kA) 15779
Maximum field on conductor (T) 3.485 Total ampere-turns of the solenoid (MAt) 20.323

Coil inner radius (mm) 3600 Inductance (H) 10.46
Coil outer radius (mm) 3900 Stored energy (GJ) 1.3

Coil length (mm) 7600 Cable length (km) 30.35
Table 7.1: Main parameters of the solenoid coil

Figure 7.1: 2D layout of CEPC magnet (mm)

Each module contains 4 layers. The end two modules contain 44 turns per layer. Table
7.2 shows the coil parameters.

7.2.2 Magnetic field design

In the calculation we use the cable as Figure 7.2. The NbTi Rutherford cable is in the
center, the pure aluminum stabilizer and aluminum alloy reinforcement are around. The
figure shows the parameters of the cable. This model has been used for magnetic field
calculation, stress analysis of the coil and quench analysis of the magnet.

Figure 7.3 shows the magnetic field map of the magnet. The central field is 3 T.
The maximum magnet field is 3.5 T. Figure 7.4 gives the main component BZ of the field
along the beam axis. Figure 7.5 shows the magnetic flux line distribution of the magnet.

Default is NbTi Rutherford SC cable (4.2K) 
Solutions with High-Temperature SC cable also being considered (YBCO, 20K)

Double-solenoid design also available



CEPC Accelerator CDR Completed

➡ Executive Summary 

1. Introduction 

2. Machine Layout and Performance 

3. Operation Scenarios 

4. CEPC Booster 

5. CEPC Linac 

6. Systems Common to the CEPC Linac, Booster and Collider 

7. Super Proton Proton Collider 

8. Conventional Facilities 

9. Environment, Health and Safety  

10. R&D Program 

11. Project Plan, Cost and Schedule 

Appendix 1: CEPC Parameter List  
Appendix 2: CEPC Technical Component List 
Appendix 3: CEPC Electric Power Requirement  
Appendix 4: Operation for High Intensity γ-ray Source  

Appendix 5: Advanced Partial Double Ring  

Appendix 6: CEPC Injector Based on Plasma Wakefield Accelerator 
Appendix 7: International Review Report �42

March 2015 April 2017 July 2018

            CEPC accelerator CDR completed in June 2018 (to be printed in July 2018)

Physics and Detector CDR 
to follow soon afterwards

(Need to adapt to recent modifications)



CEPC “optimistic” Schedule

•		CEPC	data-taking	starts	before	the	LHC	program	ends	

•		Possibly	concurrent	with	the	ILC	program

-	Design	issues		
-	R&D	items	
-	preCDR

-	Design,	funding		
-	R&D	program	
-	Intl.	collaboration	
-	Site	study

-	Seek	approval,	site	decision	
-	Construction	during	14th	5-year	plan	
-	Commissioning

�43

NowCEPC
20

15

20
20

20
25

20
30

20
35

Pre-studies
(2013-2015)

R&D
Engineering Design

(2016-2022)
Data taking
(2030-2040)

Construction
(2022-2030)
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CEPC Funding in recent years
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Ministry of Sciences and Technology
2016: 36 M CNY

2018: ~31 M CNY

IHEP seed money
11 M CNY/3 year (2015-2017)

~60 M CNY  CAS-Beijing fund, talent program
~500 M CNY  Beijing fund (light source)

Thanks to many different funding sources, CEPC team can carry out CEPC design, 
key-technology research and site feasibility studies
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CEPC meetings and international impact
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Many international
events have been
hosted to discuss

CEPC physics
and carry out

collaboration on 
key-technology 

research  

260 attendees
30% from foreign institutions

55% attendance from abroad



Final remarks

 The accelerator CDR has been completed satisfying the luminosity requirements both as a 

Higgs and Z factory 

 Detector CDR will follow soon 

 Key technologies are under R&D and put to prototyping: 
 Accelerator: SC cavity, high efficiency klystron, low field precision magnet,  copper vacuum 

chamber, HTS, … 

 Detector: Pixel detector, TPC, PFA-based electromagnetic and hadronic calorimeters, magnet, … 

 CEPC civil engineering design and site selection going well 
 CEPC funding adequate for required R&D program 

 CEPC interest abroad is steadily increasing 

 From 2018-2022, CEPC TDR will be finished with accelerator key hardware R&D completed and 

industrialization ready for construction start in 2022
�47

The CEPC Physics Program is broad and exciting



Thank you for the attention!
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