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Higgs Boson
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Higgs discovery completes the standard model spectrum

Given Higgs mass, all parameters in Higgs sector are predicted! 
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Higgs and New Physics
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Any deviation from the SM in the Higgs sector is new physics!

Deviation
from gauge/fermion 

Higgs couplings

Different Potential
than Landau-Ginzburg

potential

V (�) = �m2�†�+ �
�
�†�

�2
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New Physics in Higgs Sector
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New Physics Model
mNP ⇠ TeV
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Parametrize new physics effects using SMEFT

Higgs EFT

shape of Higgs potential
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New Physics Models
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How to generate       operator?

Scalar Extension

Tree level generate?

Scalar singlet

Group theory?

2HDM Triplet/Seesaw Quadruplet

Scalar Extension

Gauge ExtensionFermion Extension

[Corbett, Joglekar, Li, Yu, 2018] 

H
6

H
†
HH

†
S

H
†
HS, H

T
HS
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Fundamental Higgs
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Scalar singlet 2HDM Triplet/Seesaw Quadruplet

Integrate out heavy scalars

EWPT and Single Higgs data 

[Corbett, Joglekar, Li, Yu, 2018] 
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Fundamental Higgs
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EWPT and Single Higgs data put constraints on di-Higgs cross section

[Corbett, Joglekar, Li, Yu, 2018] 
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Pseudo-Goldstone Higgs
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Higgs as pseudo-goldstone Boson

Pseudo-Goldstone HiggsPion potential

V (�) = �a sin2(�/f) + b sin4(�/f)

(Composite) fermion states trigger EWSB!
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PNGB Higgs Models
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Composite Higgs

Left-Right Z2

Twin Higgs

Minimal NN

Composite fermion states also solve little hierarchy problem

[Xu, Yu, Zhu, 2018] 

+�(100 GeV)2 =

+= (m0)2
⇤2

16⇡2

�
�6y2t + 6y2t

� 6y2t
16⇡2

m2
t0 log

⇤2

m2
t0

+

[Chacko, Goh, Harnik 2006] 

[Agashe, Contino, Pomarol 2004] 

[Li, Xu, Yu, Zhu, 2019] 
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PNGB Chiral Lagrangian
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Higgs nonlinearity effect is not included in SMEFT
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Integrate Out by Form Factors
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Composite Higgs Left-Right Z2 Twin Higgs Minimal NN

Form factor method 

V (h) = � 2Nc

16⇡2

Z ⇤2

0
dQ2Q2log[⇧tL⇧tR ·Q2 +⇧2

tLtR ]

Low energy theorem

[Li, Xu, Yu, Zhu, 2019] 
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EW Chiral Lagrangian
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Composite Higgs Left-Right Z2 Twin Higgs Minimal NN

[Li, Xu, Yu, Zhu, 2019] [Agrawal, Saha, Xu, Yu, Yuan, 2019] 
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Pseudo-Goldstone Higgs
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Dim-6 SMEFT (SILH) does not encode Higgs nonlinearity 
[Li, Xu, Yu, Zhu, 2019] 



Jiang-Hao Yu

Pseudo-Goldstone Higgs
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Similar to 2HDM, di-Higgs cross section is larger than SM one

Difference: strong correlation among Wilson coefficients

[Agrawal, Saha, Xu, Yu, Yuan, 2019] 
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Shape of Higgs Potential
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Coleman Weinberg HiggsPseudo-Goldstone Higgs

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2V (�) = a sin2(�/f) + b sin4(�/f) V (�) = �µ3
p

�†�+m2�†�

Tadpole-induced Higgs

Very different analytic Higgs behavior
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Coleman Weinberg Higgs
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Dimensional  
Transmutation

Radiative correction triggers electroweak symmetry breaking

V1('n) =
1

64⇡2

TrM4

v4'
'4

✓
ln

'2

v2'
� 1

2

◆
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Coleman Weinberg Higgs
Tree-level potential

Or flat direction

[Coleman, Weinberg 73], 
[Gildner, Weinberg 76] , 

…

�3

�SM
3

=
5

3
,

�4

�SM
4

=
11

3
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HSM

Technicolor

Tadpole Induced Higgs
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Bosonic technicolor (Induced EWSB)

non-decoupling

[Simmons 1989], 
[Carone, Georgi 1994] , 
[Galloway, etc, 2013]

…

�3 ⇠ �4 ⇠ 0

Ve↵ ' m
2
H
H

†
H + f

3 (H + h.c.)-
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How to Distinguish Them?
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SMEFT PNGB Higgs CW Higgs Tadpole Higgs

[Agrawal, Saha, Xu, Yu, Yuan, 2019] 

Coleman Weinberg Higgs

Pseudo-Goldstone Higgs

V (�) = �(�†�)2 + ✏(�†�)2 log
�†�

µ2

V (�) = a sin2(�/f) + b sin4(�/f) V (�) = �µ3
p

�†�+m2�†�

Tadpole-induced Higgs

V (�) = �m2�†�+ �
�
�†�

�2

Landau-Ginzburg Higgs
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2 4 6 8
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Tadpole Higgs

Models

d3 = 2

ξ = 0.05

ξ = 0.1

MCHM

MCHM

CHTM
ξ = 0.05

CHTM
ξ = 0.1

SMEFT with O6 Coleman-Weinberg

[Agrawal, Saha, Xu, Yu, Yuan, 2019] 
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Determine the shape of Higgs potential

Quartic Higgs Coupling

�4

�3
=

1 2 3 4 5 6 7

0.5

1.0

1.5

2.0

2.5

SM
Tadpole Higgs

MCHM

CTHMSMEFT with O6

Coleman-Weinberg

Models

tri-Higgs production
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Tri-Higgs Production
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Many references
…
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Tri-Higgs Production
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SMEFT with O6

CW Higgs

[Agrawal, Saha, Xu, Yu, Yuan, 2019] 
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Determine Quartic Coupling
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SM SMEFT with O6

MCHM
Coleman-Weinberg
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Explore Higgs potential beyond Landau-Ginzburg Higgs potential

SMEFT is not enough to describe effective Lagrangian

Coleman Weinberg HiggsPseudo-Goldstone Higgs Tadpole-induced Higgs

Discriminate shape of Higgs potential via di/tri-Higgs production

�4

�3
=

1 2 3 4 5 6 7

0.5
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1.5

2.0

2.5

SM
Tadpole Higgs

MCHM

CHTMSMEFT with O6

Coleman-Weinberg
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Thanks very much!
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