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Where we are and the road ahead.
- Many contribution from international theory 

community, solidified the physics case of CEPC.

Most summarized in the CDR. 


- Some new developments (reported in this 
workshop). 


- Strong interests among theorists to stay engaged 
for the road ahead. 


Many future directions. 

This talk:

Will give a brief overview, highlight new results reported here. 

Apologies for not being able to include everything and more details   

Many thanks to the conveners and participants! 



Writing of the physics case (chapter 2)

- Started 2+ years ago. 


- Built on pre-CDR. 


- Closer connection with CEPC, 
reflecting newest results of 
physics simulation. 


- Including new theoretical 
developments.
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Main strength of a lepton collider 
(running at relatively low energies)

- It offers a clean experimental environment.


- Good for precision measurements. 


- Top target is the Higgs boson.

Discovered in 2012. Many key properties still not 
well known.  


- Physics program also includes W/Z, and more.  



Physics goals of CEPC

- CEPC can significantly go beyond the HL-LHC: 
higher precision, and complementarity.


- With this, CEPC can make significant progress in 
addressing important questions in particle physics.  



No lose theorem?

- Refers to a guarantee of discovering new particles. 

Often viewed as a necessary part of the physics 
for future experimental facilities.


- Standard Model can be consistent up to the Planck 
scale. Such a no lose theorem does not exist. 


- Standard Model is not a complete model. Many 
unanswered questions. 


CEPC can make progress on some of the most 
important ones. 



Strong physics case made for the 
precision physics program

CDR review report, Nov. 2018 marcel.vos@ific.uv.es18

Physics case: Higgs & EW

“These landmark precision measurements in the Higgs and electroweak sectors, with 
exquisite indirect sensitivity to physics beyond the Standard Model, yield a compelling 

physics case. The scientific potential of the CEPC project is supported by solid studies 
and is widely recognized by the international particle physics community.”

CEPC 

(H->bb)

HL-LHC

M. Vos’s talk

International review:



Higgs physics.
- Many mysteries, much to learn

N. Craig



CEPC can do very well

Up to sub percent precision, reach to new physics at multi-TeV scale.
Far beyond the reach of LHC. 
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Precision of Higgs coupling measurement (7-parameter Fit)

Figure 11.8: The 7 parameter fit result, and comparison with the HL-LHC [33]. The projections for
the CEPC at 240 GeV with 5.6 ab�1 integrated luminosity are shown. The CEPC results without com-
bination with the HL-LHC input are shown with dashed edges. The LHC projections for an integrated
luminosity of 300 fb�1 are shown in dashed edges.

ment of Z is more than a factor of 10 better. The CEPC can also improve significantly on5

a set of channels which suffers from large background at the LHC, such as b, c, and g.6

Note that this is in comparison with the HL-LHC projection with aggressive assumptions7

about systematics. Such uncertainties are typically under much better control at lepton8

colliders. Within this 7-parameter set, the only coupling which the HL-LHC can give9

a competitive measurement is � , for which the CEPC’s accuracy is limited by statistics.10

This is also the most valuable input that the HL-LHC can give to the Higgs boson coupling11

measurement at the CEPC, which underlines the importance of combining the results of12

these two facilities.13

The direct search for Higgs boson decaying into invisible particles from BSM physics14

is well motivated, in close connection to dark sectors. The CEPC with 5.6 ab�1 can mea-15

sure this to a high accuracy as 95% upper limit 0.30%, as shown in Table 11.4. At the16

same time, the HL-LHC can only manage a much lower accuracy 6–17% [20] and some17

improved analysis may reach 2–3.5% [37].18

As discussed above, one of the greatest advantages of lepton collider Higgs boson19

factory is the capability of determining the Higgs boson coupling model independently.20

The projection of such a determination at the CEPC is shown in Figure 11.9. The ad-1

vantage of the higher integrated luminosity at a circular lepton collider is apparent. The2

CEPC has a clear advantage in the measure of Z . It is also much stronger in µ and3

BRBSM
inv measurements.4

Zhen Liu



EFT fits v1.0

Draf
t-v

3.1

Draft:Thursday 25th October, 2018-23:4310 OVERVIEW OF THE PHYSICS CASE FOR CEPC

OH OWW OBB OHW OHB OGG Oyt Oyc Oyb Oyτ Oyμ O3W
0.1

1

10

102
95% CL reach from the 12-parameter EFT fit

LHC 300/fb Higgs + LEP e+e-→WW
LHC 3000/fb Higgs + LEP e+e-→WW
CEPC 240GeV (5.6/ab) only
CEPC 240GeV (5.6/ab) + HL-LHC

light shade: individual fit (one operator at a time)
solid shade: global fit

(a)

(b) (c)

Figure 2.2: (a) The reach of the Higgs measurement on the size of effective field theory operators,
normalized as ci(Oi/v

2). (b) the CEPC limit on the oblique parameters in comparison with the current
precision. (c) 68% (dash-dot) and 95% (solid) contours from CEPC measurement.

such observables is shown in on the Figure 2.1(b). In comparison with the current preci-1

sion, CEPC can improve by about one order of magnitude.2

The combination of precision Higgs and electroweak measurements at CEPC is par-3

ticularly powerful. This is most readily apparent in the potential for CEPC to constrain4

departures from the Standard Model parametrized in the language of Effective Field The-5

ory (EFT). The reach of CEPC Higgs measurements in constraining Wilson coefficients6

of select dimension-6 operators in the SM EFT is shown in Figure 2.2, while the reach of7

CEPC electroweak precision measurements in terms of the so-called oblique parameters8

(likewise expressible in terms of Wilson coefficients of dimension-6 operators in the SM9

EFT) is shown in the lower panel of Figure 2.2. The significant improvement of CEPC10

relative to both current and projected LHC measurements is apparent. Later in this sec-11

tion, we will explore in detail the implications of the precision measurements at CEPC for12

important open questions of the Standard Model.13

J. Gu



State of art, EFT v2.0

- Powerful tools to extract physics out of precision 
measurements.

Introduction Refined TGC analysis EW corrections Conclusion

Results in terms of D6 operators

OH OWW OBB OHW OHB OGG Oyt Oyc Oyb Oyτ Oyμ O3W OWB OT Oll
1221 OHl

22 OHl
33 O'Hl

22 O'Hl
33 OHe

11 OHe
22 OHe

330.1

1

10

102
95% CL reach, EFT fit

with CEPC Z-pole run (combined with LEP/SLD)
without CEPC Z-pole run (LEP/SLD only)

light shade: individual fit (one operator at a time)
solid shade: global fit
CEPC: 240 GeV (5.6 ab-1) and Z-pole (8 ab-1)

! The first 12 parameters can not be probed by Z-pole measurements at
leading order (no effect on individual fit), but the Z-pole measurements
can constrain the other operator that also contribute to Higgs/WW
processes.

! Some operators can be well-constrained byWW measurements (e.g.
O′22
Hℓ and O′33

Hℓ ).

Jiayin Gu (顾嘉荫) JGU Mainz

Towards v2.0 of the CEPC EFT fit

PRE
LIMIN

ARY



Testing Naturalness

Naturalness ⟷ Higgs mass

Model independently, new physics will show up in 
Higgs couplings
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(a) (b)

Figure 2.4: (a) LHC and CEPC precision Higgs constraints in the m
t̃1

� m
t̃2

plane from Higgs
couplings to gluons and photons. (b) Coverage of blind spots including precision measurement of the
ZH cross section. Figures adapted from [26].
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Figure 2.5: Potential coverage of composite-type global symmetry models in terms of resonance mass
m⇢ and coupling parameter g⇢L

(a) or mixing parameter ⇠ ⌘ v
2
/f

2 (b) via direct searches at the LHC
(blue and green shaded regions) and precision Higgs measurement constraints (red lines).

to better than one part in one hundred, translating to an energy reach of several TeV. In the2

simplest composite realizations of global symmetries, bounds on v2/f 2 translate directly3

into lower bounds on the tuning of the electroweak scale, but this tuning may be avoided4

in Little Higgs models and related constructions. The complementarity between precision5

measurements of Higgs couplings and direct searches at future colliders in probing global6

symmetry approaches to the hierarchy problem is explored in detail in e.g. [28].7

Loop level Global symmetry approaches to naturalness likewise feature a plethora of8

new states near the weak scale, albeit with the same statistics as their Standard Model1 Draf
t-v
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Folded SUSY at FCC-ee & HL-LHC

Figure 9. Projected constraints in the folded stop mass plane from a one-parameter fit to the Higgs–photon–

photon couplings from future experiments. Directly analogous to Fig. 7. Results from the ILC 250/500/1000

would be similar to CEPC; lower-energy ILC measurements provide even weaker constraints. These constraints

are subdominant to the constraints on left-handed folded stops arising from T -parameter measurements, which

are the same as those for ordinary stops in the left-hand column of Fig. 5.

could only modify the Higgs–photon coupling, the Higgs–photon–Z coupling, and (at a subleading
level) the Higgs–Z–Z coupling. Yet the Higgs–photon coupling measurements, even at future e

+
e
�

colliders, have very limited sensitivities. Even FCC-ee Higgs measurements could only probe folded
stops up to 400 GeV, as illustrated in Fig. 9 (which updates the result in [32] to include CEPC). Notice
that we have also taken into account of a precise determination of �(h ! ��)/�(h ! ZZ) at HL-LHC.
It has been demonstrated that combing this with Higgs measurements at future e

+
e
� colliders could

result in a significant improvement of sensitivity to Higgs–photon–photon coupling [87, 88].
On the other hand, the reach of the electroweak precision we derived in this article (the left

column of Fig. 5) applies to folded stops as well as the usual stops. Except for the blind spot in the
parameter space, future EWPT could probe left-handed folded stops, via their correction to the T

parameter, up to 600 GeV (e.g. at the ILC) or even 1 TeV (e.g. at FCC-ee). CEPC’s preliminary
plans fall close to the ILC reach, but conceivable upgrades could achieve similar reach to FCC-ee.
These EWPT constraints would surpass the Higgsstrahlung constraints on folded SUSY estimated in
ref. [65]. Improved measurements of the W mass, then, may be one of the most promising routes
to obtaining stronger experimental constraints on folded SUSY. Therefore, with the help of future
electroweak precision measurements, we can test the fine tuning of folded SUSY at the few percent
level.
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(a) (b)

Figure 2.8: (a) CEPC reach for color-neutral folded stops in Folded SUSY from Higgs couplings to
photons, from [23]. (b) CEPC reach in the mass scale of neutral scalar top partners due to loop-level
corrections to �ZH , adapted from [34].

in Figure 2.8. This allows CEPC to place constraints on the mass scale of folded partner2

particles in the hundreds of GeV, probing tuning of the weak scale to the 20% level in3

these theories.4

It is also possible that the weak scale is stabilized by scalar top partners entirely neutral5

under the Standard Model without accompanying tree-level Higgs coupling deviations.6

In this case, all of the distinctive direct search channels and corrections to loop-level7

Higgs couplings are absent. However, a precision measurement of the ZH cross section8

is still sensitive to the wavefunction renormalization of the physical Higgs scalar induced9

by loops of the scalar top partners [34]. In general, n� scalars �i coupling via the Higgs10

portal interaction
P

i
��|H|

2
|�i|

2 leads to a correction to the ZH cross section of the form11
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where ⌧ = m2
H

/4m2
�
. This leads to the sensitivity shown in Figure 2.8, for which CEPC13

is able to place constraints in the hundreds of GeV on a scenario that is otherwise largely14

untestable at colliders.15

Other solutions16

Symmetries are not the only mechanism for explaining the origin of the weak scale,17

though other solutions may not be manifestly natural in the same way. However, even18

non-symmetry explanations for the value of the weak scale (excepting anthropic ones)19

generically entail some degree of coupling between new degrees of freedom and the Higgs20

boson itself. This typically leads to deviations in Higgs couplings, new exotic decay21

modes of the Higgs boson, or a combination thereof.22

A compelling example of non-symmetry solutions is the relaxion [19], in which the23

value of the weak scale is set by the evolution of an axion-like particle across its potential1

in the early universe. The relaxion necessarily couples to the Higgs boson in order for2

Composite Higgs Twin Higgs



Nature of EW phase transition

5	
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Possible connection with baryogengesis.  Z. Qian 



trilinear Higgs coupling
Results: complementarities

11/13/2018   Zhen Liu   Higgs Fit @ CEPC 201816
*After profiling over other parameters and use Δ𝜒2 = 1 and

4, we define the 68% and 95% C.L. level;

Argument for 350 GeV, 100 TeV pp 



Probing EWSB at CEPC

A. Long  /  July 28, 2016  /  KITPC Workshop 
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More difficult case

 17

Zh cross-section

Kozaczuk 6

The Zh cross-section is affected both by mixing and by the hSS coupling 
through wavefunction renormalization effects

x .
Nonperturbative λS required

for V (v,0) < V (0,w)
(tree-level)

One-Loop
Analysis of EWPT
breaks down
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negative runaways (tree-level)
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Non-res ss production (30 ab-1)

Higgs self-coupling deviation > 10%

e+e- à Zh cross-section deviation > 0.6% Z2 limit:

(See also Andrew Long’s talk)

Curtin, Meade, Yu, 2014

Craig, Englert, McCullough 2014



Connection with gravitational wave
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Correlate particle collider and GW signals: Double test 
on Higgs nature and baryogenesis from particle  to wave 

FPH, et.al, Phys.Rev.D94(2016)no.4,041702  
Phys.Rev.D93 (2016) no.10,103515



Top

CDR review report, Nov. 2018 marcel.vos@ific.uv.es20

Physics case: top 

Top physics is absent in the CDR, but the top quark casts a long shadow 
- precision EW is strongly affected by uncertainty on the top mass

- Higgs BR to gg, gg and Zg are affected by top EW couplings in loops 

Do not forget about the top. 

If a linear collider is approved → study the potential of combined LC/CC fits 

If CEPC is the only e+e- project → study the upgradability to > 2 m
t

M. Vos’s talk
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Figure 11.13: Results for analysis on Cyt
and Cyb

in the projected allowed regions for modification to
the top-quark and bottom-quark Yukawa coupling magnitude and CP phase at 68% and 95% CL. The
combined results for the CEPC are shown in black curves. The source of individual constraints for the
single operator analysis are labeled correspondingly. For a joint analysis of simultaneous appearance
of both Oyt

and Oyb
operators, the results for the CEPC are shown in the enlarged yellow (95% CL)

and green regions (68% CL) with thick brown boundary lines.

terms of dimension-six gauge-invariant operators [102, 103]. This EFT basis enlarges the1

Higgs basis EFT considered above. Moreover, the CP violation effects in the third gener-2

ation Yukawa couplings are reflected in the imaginary parts of the Wilson coefficients of3

operators Oyt and Oyb
,4

�yt = ySM
t

✓
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2

◆
(11.17)
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◆
. (11.18)

define some of the variables in these two equations.5

In this section, the effect of introducing CP phases in the Yukawa operators in Higgs6

boson physics is discussed. For more detailed discussion on a complete set of Higgs boson7

and Top quark operators, see Ref. [98]. The dominant constraints come from H ! ��8

and H ! gg for Oyt , and from H ! gg and H ! bb̄ for Oyb
. Given that H ! gg9

measurements are sensitive to both operators, a joint analysis of Oyt and Oyb
will yield10

a significantly different result comparing to individual operator analysis. A joint analysis11

for these two operators in terms of Yukawa coupling strengths and the associated CP12

phases is performed at the CEPC. The important physics cases for such considerations are13

highlighted.14

Constraints on the top-quark and bottom-quark Yukawa couplings, including their15

CP phases, are presented, respectively, in the left and right panels of Figure 11.13, re-16

spectively. The 68% and 95% CL exclusion bands are shown in solid and dashed lines.17

The limits for the CEPC are shown in bright black and magenta lines for individual op-18

erator analysis and the bright green and yellow shaded regions representing the allowed19

Zhen Liu

Covered in CDR, needs to strengthen



Z-pole and precision
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surements and electroweak observables attainable by the CEPC are summarized below.2

The details of the analysis underpinning these projections are presented in Section 11.13
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Figure 2.1: (a) Higgs coupling extraction in the -framework. (b) Projection for the precision of the
Z-pole measurements.

The CEPC will operate primarily at a center-of-mass energy of
p

s ⇠ 240 GeV. The4

main mode of Higgs boson production is through e+e� ! ZH process, and with an5

integrated luminosity of 5.6 ab�1, over one million Higgs bosons will be produced. At6

CEPC, in contrast to the LHC, Higgs boson candidate events can be identified through7

a technique known as the recoil mass method without tagging its decay products. This8

allows Higgs boson production to be disentangled from Higgs boson decay in a model-9

independent way. Moreover, the cleaner environment at a lepton collider allows much10

better exclusive measurement of Higgs boson decay channels. All of these give CEPC11

impressive reach in probing Higgs boson properties. The resulting precision attainable by12

CEPC in measurements of Higgs couplings is shown in the Figure 2.1(a) in terms of the13

 framework.14

Several aspects of the precision attainable at CEPC stand out. The CEPC will be able15

to measure the Higgs coupling to the Z boson with an accuracy of 0.25%, about a factor16

of 10 better than the reach of the High Luminosity upgrade of the LHC (HL-LHC). Such17

a precise measurement gives CEPC unprecedented reach into interesting new physics sce-18

narios which are very difficult to probe at the LHC. The CEPC also has strong capability19

in detecting invisible decays of the Higgs boson. For example, with 5.6 ab�1, it can im-20

prove the accuracy of the measurement of the Higgs boson invisible branching ratio to21

0.3%. In addition, it is expected to have excellent sensitivity to exotic decay channels22

which are swamped by backgrounds at the LHC. It is also important to stress that an e+e�23

Higgs factory can perform model independent measurement of the Higgs boson width.24

This unique feature in turn allows for the determination of the Higgs couplings without25

assumptions about Higgs boson decay channels.26

The CEPC is also designed to run at the Z pole and near the W+W� threshold (with27

about 10
7 W pairs). This enables a robust program of electroweak precision measure-28

ments to complement the Higgs precision program. The projected precision for a set of29

such observables is shown in on the Figure 2.1(b). In comparison with the current preci-30

sion, CEPC can improve by about one order of magnitude.31

The combination of precision Higgs and electroweak measurements at CEPC is par-32

ticularly powerful. This is most readily apparent in the potential for CEPC to constrain1

Projections by Z. Liang



Complementary to Higgs coupling 
measurement
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Figure 8. Regions in the physical stop mass plane that precision measurements are sensitive to, with contours

of tunings, at future e+e� colliders (left: ILC; middle: CEPC; right: FCC-ee). Top row: bounds on stops with

no mixing, Xt = 0. Dashed vertical lines: 2� bounds on stop masses from S and T (mostly T ); solid lines: 2�

bounds on stop masses from Higgs coupling constraints. Blue dashed contours are the stop contributions to

the Higgs mass tuning. Lower row: bounds on stops in the blind spot X2
t = m2

t̃1
+m2

t̃2
. There are no Higgs

measurement constraints. For CEPC with possible improvements (purple dash-dotted line in the middle) or

FCC-ee (orange solid line), EWPT is only sensitive to a small region. The green dashed lines are the exclusion

contours from b ! s� for the choice µ = 200 GeV and a few di↵erent values of tan�. Each of these contours

is also labeled with corresponding tunings �µ and �A. There is also a region along the diagonal line which

cannot be attained by diagonalizing a Hermitian mass matrix [32].

7.2 Implications for Folded Stops

EWPT could be the most sensitive experimental probe in some hidden natural SUSY scenarios such as
“folded SUSY” [28]. In folded SUSY, the folded stops only carry electroweak charges and some beyond
SM color charge but no QCD charge. The most promising direct collider signal is W+ photons which
dominates for the “squirkonium” (the bound state of the folded squarks) near the ground state [84, 85].
It is a very challenging experimental signature. Among the Higgs coupling measurements, folded stops
could only modify the Higgs–photon coupling, the Higgs–photon–Z coupling, and (at a subleading
level) the Higgs–Z–Z coupling. Yet the Higgs–photon coupling measurements, even at future e

+
e
�

colliders, have very limited sensitivities. Even FCC-ee Higgs measurements could only probe folded
stops up to 400 GeV, as illustrated in Fig. 9 (which updates the result in [32] to include CEPC). Notice

– 19 –

Testing SUSY



Recent theoretical advances

F. Piccinini

More needed to deliver the desired accuracy for both

Higgs and Z programs.



New approaches in EW precision

A. Freitas



Exotics, enriching the physics program



Higgs portal dark matter
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Figure 2.24: The sensitivity to the spin-independent WIMP-nucleon cross-section of current and future
direct detection experiments, compared with the reach of Higgs boson invisible decay measurements
at the LHC and CEPC in Higgs portal dark matter models. The direct detection limits are shown
in solid lines, which include the most recent limits from LUX (2017) [133], PandaX-II (2017) [155],
XENON1T [181] and future projections for PandaX4T [183], XENONnT [178], LZ [184] and a 200 t⇥

yr xenon experiment [185]. For the Higgs portal models, the dark matter is assumed to be either
a scalar or a Majorana fermion with a scalar coupling. The red dotted curves show the limits from
CEPC which corresponds to a invisible Higgs boson branching ratio of BR(H ! inv) < 0.31% at
the 95% CL. The gray dotted curves correspond to BR(H ! inv) < 24%, the current limit at the
LHC [186], and the black dotted curves correspond to BR(H ! inv) < 3.5%, the projected reach
at HL-LHC from Ref. [188]. The cyan dashed curve corresponds to the discovery limit set by the
coherent-neutrino-scattering background, adapted from Ref. [182].

H†HXX

From Higgs invisible decay



Higgs exotic decay

Complementary to hadron collider searches.
Strong in hadronic modes, MET, …
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Dark sector at Z factory

2

Searching for dark sector particles, including dark matter (DM) itself and other associated
states, is a central goal of many experimental programs around the world. In the mass range
between MeV and TeV, collider search remains a crucial method to look for these hidden particles.
Since the dark sector particles typically only have weak couplings with the Standard Model, colliders
with higher luminosity are natural places to lead this quest. Therefore, the Z-factory with high
statistics, Giga-Z (109) and Tera-Z (1012) options, is well-motivated to search a set of Z rare decay
channels inspired by the dark sector models.

A coupling between Z and dark sector states, dubbed as a “portal”, is quite generic in dark
sector models. We can classify the portals based on the type of operators through which they are
implemented, as following (For recent reviews, see [1–3])

• Marginal operators: Higgs portal [4–11] and vector portal DM models [12–17], in which the
dark sector interacts with Z boson via SM Higgs mixing or gauge boson mixing. We give
an example of Higgs portal DM model in the left-panel of Fig. 1. There is also possible
Wess-Zumino type interaction between Z and dark sector gauge boson if anomalous under
Standard Model particle content [18–27].

• Dim-5 operators: Axion-like particle (ALP) [28–40], with anomalous coupling to Z boson
and photon. The limits on ALP mass and coupling are given in the right-panel of Fig. 1.

• Higher dimensional operators: Magnetic inelastic DM and Rayleigh DM models [41–45], in
which the dark sector interacts with Z via magnetic dipole or Rayleigh operator.
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Figure 1. Left-panel: the sensitivity for Higgs portal dark matter model, constraining dark Higgs mixing
angle sin↵ as a function of dark Higgs mass ms̃. Right-panel: the sensitivity for Axion-like particle (ALP)
model, constraining coupling ⇤aBB to hypercharge field as a function of ALP mass ma.

Our case study in [46] shows that the Z-factory measurement could provide the leading sensitivi-
ties comparing with other dark matter detection experiments, current limits from collider searches,
and estimated sensitivities of high luminosity run of the LHC (HL-LHC). We also explored exotic
Z decay channels which can motivated by the dark sector models. The result shows that future
Z factory again, can have superior sensitivity, which could be a powerful tool for searching new
physics.



Sterile neutrino

Normal Ordering Inverted Ordering

5 10 20 50

10-11

10-9

10-7

10-5

M [GeV]

U
2

excluded by DELPHI

disfavoured by neutrino oscillation data

Leptogenesis (upper bound)
s =90 GeV, �=0.1 ab-1

s =90 GeV, �=1 ab-1
s =90 GeV, �=10 ab-1

5 10 20 50

10-11

10-9

10-7

10-5

M [GeV]
U

2

excluded by DELPHI

disfavoured by neutrino oscillation data

Leptogenesis (upper bound)s =240 GeV, �=0.1 ab-1

s =90 GeV, �=0.1 ab-1

s =90 GeV, �=1 ab-1

s =90 GeV, �=10 ab-1

Figure 25: The blue “BAU” line shows the largest possible U
2 for which the BAU

can be generated for given M̄ . The grey area is ruled out by the DELPHI exper-
iment [Abreu:1991pr, Abreu:1996pa] (on the top) and the neutrino oscillation
data (at the bottom). We show no lower bound on U

2 from leptogenesis because it
is lower than the constraint from neutrino oscillation data in this mass range. The
coloured lines lines mark the parameter regions in which the CEPC experiment
can observe at least four expected displaced vertex events from Ni with properties
that are consistent with successful leptogenesis. The orange lines show the regions
accessible with

p
s = 240 GeV, which depend on the relative size of the couplings

U
2
a

of the heavy neutrinos to individual SM flavours. The solid and dashed lines
correspond to the most optimistic and most pessimistic scenario consistent with
light neutrino oscillation data. The purple lines indicate the regions accessible
with

p
s at the Z pole, which only depend on the total U

2.. The solid line cor-
responds to the currently planned run, the dashed line corresponds to the equal
Z-pole running time as is currently planned by FCC-ee, while the dot-dashed line
corresponds to what is possible with the crab waist technology.

Caputo:2016ojx] and allow to constrain the Majorana phase in U⌫ [Hernandez:2016kel,995

Drewes:2016jae, Caputo:2016ojx, Caputo:2017pit]. This is possible even if the996

masses M1 and M2 are too degenerate to be resolved kinematically and study the997

U
2
ai

individually. Such a measurement would also provide a test of leptogenesis, as998

not all combinations of the U
2
a

that are in agreement with neutrino oscillation data999

can lead to successful leptogenesis [Drewes:2016jae]. However, this would not1000

51

low scale see-saw models



Sterile neutrino 



Long lived particles
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LLP searches at the CEPC

Comparison with LHC

LHC produces more total Higgses, but CEPC has better impact parameter resolution, better vertex reconstruction, 
and cleaner environment.

(Curtin & Verhaaren, `15)

No official projections (yet) for LHC14, 
just theory estimates

(See also Csaki, Kuflik, Lombardo, Slone `15)

One Background

Zero Background

This work

S. Koren

Further inform detector design, vertexing, timing, etc.



QCD

- Similar to LEP, but at much higher statistics, 
higher energy, better detector.


- Measurement of 𝜶S . 


- Subtle effects in QCD. 
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(a) (b)

Figure 2.38: (a) The four-jet production cross section at CEPC (
p

s = 250 GeV) with the Durham jet
algorithm as a function of the resolution parameter ycut. (b) The scale variation and expected statistical
uncertainties for the same cross sections normalized to their central values.

Figure 2.39: The normalized light-jet-mass distribution both at Z-pole (left) and at 250 GeV (right).
Green curves are NLL results without NGLs, and red bands are full NLL results with scale uncertain-
ties.

Non-global logarithms are significant obstacles in the study of soft physics at high en-44

ergy colliders (jet physics, energy flow measurements, hadronization, and so on). There-1

fore it is important to develop a theoretical framework to understand their structure. NGLs2

were first pointed out by Dasgupta and Salam in Ref. [412], where they developed a3

Monte-Carlo algorithm to resum leading-logarithmic(LL) NGLs in the large Nc limit. Af-4

ter that work, based on the strong energy ordering limit, Banfi, Marchesini and Smye de-5

rived an integral-differential evolution equation that can also resum LL NGLs [413]. Since6

then, there has been a great effort to improve the theoretical predictions [414–419], includ-7

ing the sub-leading Nc effects [420–422] and some fixed-order calculations [423, 424].8

Recently, there have been several developments in this field [425–433]. One example9

is the effective field theory developed in Ref. [427]; this reference was the first to write10

down the factorization formula for non-global observables and to give an any-order renor-11

malization group evolution equation for NGLs.12

As an electron-positron collider, CEPC will provide new opportunities, which can pre-13

cisely measure NGLs in many observables. Figure 2.39 shows the normalized light-jet-14

mass distribution both at Z-pole (left) and at 250 GeV (right). Green curves are NLL1

results without NGLs, and red bands are full NLL results with scale uncertainties. Ob-2
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Figure 2.38: (a) The four-jet production cross section at CEPC (
p

s = 250 GeV) with the Durham jet
algorithm as a function of the resolution parameter ycut. (b) The scale variation and expected statistical
uncertainties for the same cross sections normalized to their central values.
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Green curves are NLL results without NGLs, and red bands are full NLL results with scale uncertain-
ties.
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CDR review report, Nov. 2018 marcel.vos@ific.uv.es21

Physics case: QCD 

CEPC produces a large number of jets in a clean environment

The QCD chapter presents an appetizer for many potentially interesting studies 

- measurement of a
s
 at higher scale/with reduced non-perturbative corrections 

- measurement of non-global logs in the jet substructure observables

- light-quark Yukawa couplings using event shapes in ZH with Z→l
+
l
-
 and H→jj 

Further work is highly encouraged to derive solid QCD prospects for the TDR

A whole new tool box has developed since LEP, see ArXiv:1704.04464/ArXiv:1803.06991International review



New studies

Yin-Qiang Gong 

Event shape from h-> gg decay



New results

Energy correlation from h-> gg decay 



Flavor



CDR review report, Nov. 2018 marcel.vos@ific.uv.es22

Physics case: flavour

CEPC produces a large number of bottom and charm and t’s in the Z-pole run

The flavour physics chapter presents an appetizer for many interesting studies 

- potentially competitive BR measurements for B
s
 →l+l-  (especally t+t- ) 

- competitive results for B → K(*) l+l-  analysis (especially t+t- ) 

-  B → K(*) nn and L
b
 → Lnn

- LFV in t decays similar to Belle II

- flavour-violating Z decays

Further work is encouraged to explore the flavour physics potential for the TDR

This exploration (scaling LEP and Belle II results) is appreciated; turn into solid prospects for TDR 

International review:



Tools

- Crucial for delivering physics results. 


- Not fully covered in the CDR study. 


- Many new developments of tools tailored to 
lepton collider physics


Madgraph, Whizard, HEPfit, ...


- Need to be further integrated into simulations.







Road ahead.

CDR review report, Nov. 2018 marcel.vos@ific.uv.es23

Physics case: summary of recommendations

“The review committee encourages the CEPC study group to extend the 

studies presented in the conceptual design report in several directions, 

keeping a close eye on new developments. A deeper understanding is 

needed of the synergy with the LHC and possible new hadron collider 

facilities, as well as the inter-relations between precision measurements in 

e+e- collisions at different center-of-mass energies. We encourage the CEPC 

study group to investigate the potential of the CEPC project for QCD, flavour 

and neutrino physics in greater depth.”

Suggestions from the international review 

M. Vos’s talk



Road ahead.

- More studies needed to further strengthen the 
physics potential. 


- Provide input to detector/machine design.


- The international collaboration of theorists and 
experimentalist forged during the making of (pre)CDR 
will continue.


- A discussion/planning session on Thursday afternoon.


- Meeting in early July 2019.  



Currently, no plan to scan the ttbar threshold.





Constraining oblique parameters
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Figure 2.2: (a) The reach of the Higgs measurement on the size of effective field theory operators,
normalized as ci(Oi/v

2). (b) the CEPC limit on the oblique parameters in comparison with the current
precision. (c) 68% (dash-dot) and 95% (solid) contours from CEPC measurement.

departures from the Standard Model parametrized in the language of effective field theory2

(EFT). The reach of CEPC Higgs measurements in constraining Wilson coefficients of3

select dimension-6 operators in the SM EFT is shown in Figure 2.2, while the reach of4

CEPC electroweak precision measurements in terms of the so-called oblique parameters5

(likewise expressible in terms of Wilson coefficients of dimension-6 operators in the SM6

EFT) is shown in the lower panel of Figure 2.2. The significant improvement of CEPC7

relative to both current and projected LHC measurements is apparent. Later in this sec-8

tion, we will explore in detail the implications of the precision measurements at CEPC for9

important open questions of the Standard Model.10

CEPC, running as both Higgs factory and Z-factory, will also probe interesting new11

physics, offer an excellent opportunity of studying flavor physics, allow precise QCD12

measurements. We will also elaborate on these later in this section. To set the stage, we13

briefly comment on the running scenarios assumed in the results presented in this section.14

While the plan for the Higgs factory has been fixed, the plan for the Z-factory run is1

About a factor of 10 improvement

M. Reece and J. Fan



Supersymmetry
h → gg, γγ

Probing stop mass up to TeV, percentage fine-tuning 

Reach does not depend on stop production and decay,

complimentary to LHC direct searches.
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Figure 2.4: (a) LHC and CEPC precision Higgs constraints in the m
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plane from Higgs
couplings to gluons and photons. (b) Coverage of blind spots including precision measurement of the
ZH cross section. Figures adapted from [26].
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Figure 2.5: Potential coverage of composite-type global symmetry models in terms of resonance mass
m⇢ and coupling parameter g⇢L

(a) or mixing parameter ⇠ ⌘ v
2
/f

2 (b) via direct searches at the LHC
(blue and green shaded regions) and precision Higgs measurement constraints (red lines).

to better than one part in one hundred, translating to an energy reach of several TeV. In the2

simplest composite realizations of global symmetries, bounds on v2/f 2 translate directly3

into lower bounds on the tuning of the electroweak scale, but this tuning may be avoided4

in Little Higgs models and related constructions. The complementarity between precision5

measurements of Higgs couplings and direct searches at future colliders in probing global6

symmetry approaches to the hierarchy problem is explored in detail in e.g. [28].7

Loop level Global symmetry approaches to naturalness likewise feature a plethora of8

new states near the weak scale, albeit with the same statistics as their Standard Model1
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Observable Value Exp. Uncertainty Th. Uncertainty
↵s(m2

Z
) 0.1185 1.0 ⇥ 10

�4 [36] 1.5 ⇥ 10
�4

�↵(5)
had(m

2
Z
) 276.5 ⇥ 10

�4
4.7 ⇥ 10

�5 [144] –
mZ [GeV] 91.1875 0.0005 –

mt [GeV] (pole) 173.34 0.6 [145] 0.25 [146]
mH [GeV] 125.14 0.1 [144] –
mW [GeV] 80.358617 [147] 0.001 1.4 ⇥ 10

�3

A0,b

FB 0.102971 [124, 148] 1.0 ⇥ 10
�4

8.3 ⇥ 10
�5

A0,µ

FB 0.016181 [148] 4.9 ⇥ 10
�5

2.6 ⇥ 10
�5

A0,e

FB 0.016181 [148] 8.1 ⇥ 10
�5

2.6 ⇥ 10
�5

�Z [GeV] 2.494682 [101] 0.0005 2 ⇥ 10
�4

Rb ⌘ �b/�had 0.2158459 [101] 4.3 ⇥ 10
�5

7 ⇥ 10
�5

R` ⌘ �had/�` 20.751285 [101] 2.1 ⇥ 10
�3

1.5 ⇥ 10
�3

�Z!inv [GeV] 0.167177 [101] 8.4 ⇥ 10
�5 –

Table 11.16: Inputs to the CEPC fit. Numbers in bold are expected experimental uncertainties from
CEPC measurements. Other entries reflect anticipated uncertainties at the time of CEPC operation.
The numbers in the “Value” column for the first five parameters are current measurements; those
below the horizontal line give the Standard Model calculated value as a function of the five parameters.
Theory uncertainties are future projections assuming complete 3-loop calculations, based on estimates
in Refs. [147–150].


