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The use of CEPC & 
SppC
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CEPC
Cicular e^+ e^- collider with center of 

mass energy 350 GeV

Higgs precision

Tri-gauge boson precision

(Unlikely) Very low mass particles

What can it go beyond the LEP?
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SppC
Cicular pp collider with center of mass 

energy 50 ~ 70 TeV 

Di Higgs related process

multi-gauge boson / top production

(Likely) High mass particles

Could it be ppbar (essentially increase the 
energy and helps for CP searches)?
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Models Overview

I assume neutrino models reviewed 
by Prof. Yi Liao 
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Moose Models

By saying moose, I mean what ever 
models with extended symmetries that 

are global, local or even emergent 
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Moose Models

4D Composite Higgs

Little Higgs (with collective 
symmetry breaking)

RS with gauge Higgs unification 
(deconstructed)

Higgs as a pNGB from G/H: 
Higgs properties based on 

G/H

Minimal Composite Higgs Model (MCHM)

E

-   Λ

-   f SO(5)/SO(4)

Loop corrections of elementary SM fields, will generate a 
potential for the modulus of the NGB 4-vector, which 
will get a vev:             . 

vacuum is arbitrary and one can suitably set θ = 0 (so that SO(4)� = SO(4)). With this
choice, the four NG bosons of SO(5)/SO(4) transform as a a complex doublet of the gauged
SU(2)L, and none of them is eaten. Loop corrections will however generate a potential for
the NG bosons and can lead to a non-vanishing vev for the modulus of the NG 4-vector:
�π� �= 0 (see Fig. 1). As a result, SO(4) is spontaneously broken to (a custodial) SO(3), and
three of the original NG bosons are eaten. The field Φ can be recast in the form of eq.(12)
by identifying θ = �π�/f and the field h(x) as the fluctuation of the modulus of the NG
4-vector around its vev. One can thus think of the electroweak symmetry breaking as a two-
step process: a first spontaneous breaking, SO(5) → SO(4), occurs at the scale f , giving
rise to an SU(2)L doublet of NG bosons; at a lower scale v = f sin(�π�/f) ≡ f sin θ the
electroweak symmetry is spontaneously broken, SO(4) → SO(3), leaving an approximate
custodial symmetry.

A simple way to derive the SO(5)/SO(4) chiral lagrangian at O(p2) is by adopting the
basis of fields {χi, h} and making use eq.(12). One has (see Appendix C):
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f 2

2
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where Σ ≡ exp(iσiχi/v), and σi are the Pauli matrices. No covariant derivative acts on h,
as one could have anticipated by noticing that the fluctuations parametrized by this field
are SO(4)�-invariant. Choosing the unitary gauge, Σ = 1, and expanding around θ, one
immediately finds the relation m2

W = (g2f 2 sin2 θ)/4, which determines the value of the
electroweak scale v = f sin θ, and the value of the Higgs couplings to the vector bosons.

The same expression for L(2) can be obtained by using the CCWZ formalism. At the
level of two derivatives, there is only one operator which can be formed:

L(2) =
f 2

4
Tr[dµd

µ] . (15)

The equivalence with eq.(14) is proved in Appendix C, but it can be quickly checked, for
example, by monitoring the mass terms for the vector bosons. In the case of eq.(15) these
arise from the component of the gauge fields along the broken generators contained in dµ.
From eq.(1) and (9), after setting Π(x) =

√
2T â(θ)πâ(x)/f , one finds:
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Figure 7: 1-loop contribution of the SM gauge fields to the Higgs potential. A grey blob

represents the strong dynamics encoded by the form factor Π1.

section 3.3, as we are now ready to derive the Coleman-Weinberg potential for the

composite Higgs.

We will concentrate on the contribution from the SU(2)L gauge fields, neglecting the

smaller correction from hypercharge. The contribution from fermions will be derived

in section 3.4. The 1-loop Coleman-Weinberg potential resums the class of diagrams

in Fig. 7. From the effective action (48), after the addition of the gauge-fixing term

LGF = − 1

2g2ζ

�
∂µ

A
aL
µ

�2
, (58)

it is easy to derive the Feynman rules for the gauge propagator and vertex:
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2
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4
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where (PL)µν = qµqν/q
2
is the longitudinal projector. Resumming the series of 1-loop

diagrams of Fig. 7 then leads to the potential:
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where Q2
= −q2 is the Euclidean momentum. The factor 9 originates from the sum

over three Lorentz polarizations and three SU(2)L flavors.

Let us argue on the behavior of the form factors at large Euclidean momentum and

on the convergence of the integral. We have seen that Π0 is related to the product of

two SO(4) currents

�Ja
µ(q)J

a
ν (−q)� = Π0(q

2
)(PT )µν (60)

where, we recall, the notation �O1O2� denotes the vacuum expectation of the time-

ordered product of the operators O1 and O2. The form factor Π1, on the other hand,

24

At tree level one can set ! = 0  "  SO(4)’= SO(4)

-  v = f sin(!π"/f)
SO(4)/SO(3)

This generates a vacuum misalignment as  ! = !π"/f .

EWSB arises from vacuum misalignment. 

All the explicit breaking of SO(5) comes from the
SM gauging and fermions

sabato 29 ottobre 2011
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Nonlinear parametrization 

Consider the most general Goldstone interaction 
which has a custodial symmetry

(only the gauge sector) SU(2)L × SU(2)R

Consider a physical singlet scalar h

Σ(x) = exp(iσaχa(x)/v)

L =
v2

4
Tr[(DµΣ)

†DµΣ]
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Higgs from EFT

Some times I use a different 
parametrization variable

Everything should be parametrized by 
effective theory.

Integrating out particles 
heavier than higgs

top already in cg, cgammma
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Higgs properties
Universal Higgs properties at the leading order 

Starting from eq.(48) it is simple to derive the couplings of the physical Higgs boson

to the gauge fields. By expanding around the vev �h�,

h
â
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where, with a slight abuse of notation, h stands for

√
hâhâ on the left hand side, while

it denotes the physical Higgs boson on the right hand side. Compared to their SM

prediction, the couplings of the composite Higgs to the gauge bosons V = W,Z are

thus modified as follows:

gV V h = g
SM
V V h

�
1− ξ , gV V hh = g

SM
V V hh(1− 2ξ) . (56)

If one compares with the effective Lagrangian for a generic scalar eq.(16), one finds

that the SO(5)/SO(4) theory predicts

a =

�
1− ξ , b = 1− 2ξ . (57)

Using the results of section 2.1 on theWW scattering, we deduce that both theWW →
WW and WW → hh scattering amplitudes grow as ∼ (E/v)2ξ at large energies,

violating perturbative unitarity at a scale Λ ≈ 4πv/
√
ξ. This is a factor

√
ξ larger

than what we found for a theory with no Higgs.

We see that the composite Higgs only partly unitarizes the scattering amplitudes,

simply postponing the loss of perturbative unitarity to larger scales. In the limit ξ → 0

(with v fixed) one recovers the standard Higgs model: the resonances of the strong

sector become infinitely heavy and decouple, while the Higgs boson fully unitarizes the

theory. For ξ → 1, on the other hand, the Higgs contribution vanishes and unitarity

in WW → WW scattering is enforced solely by the strong resonances. Furthermore,

f = v and there is no gap of scales in theory: in this limit the strong dynamics behaves

quite similarly to a minimal Technicolor theory, although a light scalar exists in the

spectrum. In the general case, for ξ small enough the strong resonances can be made

sufficiently heavy and their correction to the electroweak observables sufficiently small

to pass the LEP precision tests. We will illustrate this point in detail later on, in

23

W & Z boson mass

modification of hVV 
coupling 

Similarly for fermions.

Since the W boson mass mW = g2v2/4 = g2h2 sin2(h/f)/4 in our model, there is vaccue shifted

effect here which would account for the overall normalization of the higgs bosons ((cH contribution

in the SILH Lagrangian [12])). Therefore, sin(h/f) → v/f and the effective ggh coupling ratio is

gMCHM

ggh

gSM
ggh

=
cos(2h/f)

cos(h/f)
=

(1− 2ξ)√
1− ξ

, (152)

where ξ = (v/f)2 = sin
2 �h�/f . Therefore, we have the production rate ratio [13]

σMCHM5
(gg → h)

σSM (gg → h)
=

(1− 2ξ)2

1− ξ
, (153)

which agrees with Ref. ( [11,13]) in our setup with top partners.

Now we go to the case of model 10 (type one), in this case, the fermions are embedded according

to Eq. (67), then we have the following top mass matrix in the basis (t, Q−+, Q+,−,φ0,χ0)

Mt =
1

2





0 c∗
Q
(1− cos(h/f)) c∗

Q
(1 + cos(h/f)) −c∗

T
sin(h/f) c∗

T
sin(h/f)

−cQ sin(h/f) m̃Q 0 0 0

cQ sin(h/f) 0 m̃Q 0 0

cT (1 + cos(h/f)) 0 0 m̃T 0

cT (1− cos(h/f)) 0 0 0 m̃T




PR + h.c.(154)

and the determinant of the top mass matrix is

Det(Mt) =
1

32
M̃QM̃T

�
m̃Q|cT |2 − m̃T |cQ|2

�
sin(2h/f) (155)

Therefore, the production rate would be the same as Eq. (153) in model 5.

10.2 Constrain on Higgs production at the LEP and LHC

In the unitarity gauge where Σ = (sinh/f, 0, 0, 0, cosh/f), the leading order Goldstone interaction

in Eq. (3) give us the higgs gauge interactions

LKin =
1

2
∂µh∂
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h+m

2
W (h)

�
WµW

µ
+

1

2 cos2 θW
ZµZ

µ

�
with mW =
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2
sin

h

f
. (156)

Expanding Eq. (156) in powers of the Higgs field, we obtain the Higgs couplings to the gauge fields

gHV V = g
SM
HV V

�
1− ξ . (157)

Similarly, in the model 5, where SM fermions transforming as fundamental representations of SO(5),

the interactions of the Higgs to the fermions take the following form

LYuk = −mf (h)f̄f with mf (h) ∝ sin

�
2h

f

�
. (158)

We then obtain

gHff = g
SM
Hff

1− 2ξ√
1− ξ

. (159)

27

a =
√
1− ξ b = 1− 2ξ

c =
√
1− ξ

c = 1−2ξ√
1−ξ 5, 10

Spinorial 4mf (h) ∝ sin

�
h

f

�
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Higgs properties

Higgs production Higgs decay
MCHM5 in 350 GeV CEPC
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Other operators
Here I mention an important one: 

Cancel the Higgs 
quadratic divergence 

from top 

Therefore, the di-higgs 
production from the left diagram 
it is inevitably there and the size 

is large: 
Good for SppC

Tuesday, February 25, 2014



Other aspects

Resonance searches (Z’, W’, f ’, etc)

WW Strong phase measurements

WW scattering

Field extended objects (skymion, etc)
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RS models

If no gauge higgs unification, then the Higgs sector 
is trival except for radion-Higgs mixing

Radion pheno

KK gauge bosons / fermions (much better in 
SppC)

KK gravitons (much better in SppC)
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UED models
We all lives in the flat EDs:

ui
R

di
R

Qi
L

y = 0y = −L y = L

y = 0y = −L y = L

0 Gauge fields

Fermion fields
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UED models

We all lives in the flat EDs:

KK even gauge bosons

KK even fermions

Pair produced KK odd particles
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BHs, ADD, Exotic SD

Angular 
distribution 
of the two 

final particles

Essentially a form factor

BH
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BHs, ADD, Exotic SD
g2

Λ2
[q̄γµq] [q̄γµq]
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Other exotic models

Chiral 4th generation (almost dead)

2HDM (Type 2 mostly in SUSY)

Gauge extensions (2-2-1, 3-3-1, 2-1-1, etc): Resonce 
searches, pretty much the same)

Other models with particular motivation, like 
Higgs portal, darkon, colored scalars, etc. (better 
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Particle based signals 
and search strategy
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Spin zero
What are the particles aside from a 
“discovered” Higgs?

Dilaton/radion:
\gamma: anomalous 
dimension for the 

Yukawa

b: QCD/QED beta 
function
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Spin zero

Typical radion/dilaton 
decay branching:

Can we miss it at LHC 
while see it at CEPC?

One can tune the UV part 
of QCD beta function 

(suppress gluon coupling)

CEPC associate 
production VS: LHC VBF

Needs more careful work

Tuesday, February 25, 2014



Spin zero

Other possibilities 

Scalars not directly couples to electron: CEPC 
associate production VS: LHC VBF

Inert scalars directly couple to electrons (For 
instance, Byproducts of leptonic DM). Just so easy for 
CEPC 
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Spin one
Lepton philic Z’ (Split UED explanation 
for leptonic DMs)

At the SppC, we have much more opportunities (Z’, W, etc): 

Current S parameter constrains require super collider

Needs separate simulation

Needs more access for the boosted top, W tagging if 
they are in the final states

S ∼ 4πv2/m2
ρ
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Spin 1/2

Top / Light fermion partners

Heavy states pair 
produced at 
SppC (much 

better than LHC)
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Spin two

RS KK gravitons: (Good for SppC)

Very heavy: Similar arguments like 
Z’ from S parameter

Needs separate simulation

Needs more access for the boosted top, W tagging if 
they are in the final states
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Extended Objects

SU(4)/SO(4): Z2 (minimal skymion)

Magnetic Monopoles 
Monopoles pair produced by gauge force then 
annilates into multi-hard photons

Skymions:

Like e^+ e^- ---> 
hadrons at 2 ~ 3 GeV
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Extended Objects

Non-topological: from extra U(1), like Q balls

Energy frontier is also so good! 
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Plans
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Re-organize

The drafts in the past are quire separated 

Framework on what is needed to be done and 
explore

Needs discussion, communication and working.

I am considering organize small discussion groups
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