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Motivations

UMass-Amherst ACFI

• Neutrino oscillation

Neutrinos are massive, masses are generated through a type-II 
seesaw mechanism. (P.F. Perez, T. Han, G. Huang, T. Li, K. Wang, 2008)

• Baryon asymmetry of  the Universe

Electroweak baryogenesis from the Higgs portal.

• Roadmap for future colliders

CEPC (China), ILC (Japan), FCC (Europe)
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Model key features

V (�,�) = �m2�†�+M2Tr(�†�) +
⇥
µ�Ti⌧2�

†�+ h.c.
⇤
+ �1(�

†�)2

+ �2

⇥
Tr(�†�)

⇤2
+ �3Tr[�

†��†�] + �4(�
†�)Tr(�†�) + �5�

†��†�

�(1, 3, 2)



4Yong Du UMass-Amherst ACFI

Model key features

V (�,�) = �m2�†�+M2Tr(�†�) +
⇥
µ�Ti⌧2�

†�+ h.c.
⇤
+ �1(�

†�)2

+ �2

⇥
Tr(�†�)

⇤2
+ �3Tr[�

†��†�] + �4(�
†�)Tr(�†�) + �5�

†��†�

�(1, 3, 2)

⇢ ⌘ m2
W

m2
Z cos2 ✓W

=
1 + 2v2

�

v2
�

1 +
4v2

�

v2
�

⇢ = 1.0006± 0.0009
PDG, 2016

0  v� . 3.0 GeV

v� ⌧ v� ' v

v =
q

v2� + v2� = 246GeV



4Yong Du UMass-Amherst ACFI

Model key features

V (�,�) = �m2�†�+M2Tr(�†�) +
⇥
µ�Ti⌧2�

†�+ h.c.
⇤
+ �1(�

†�)2

+ �2

⇥
Tr(�†�)

⇤2
+ �3Tr[�

†��†�] + �4(�
†�)Tr(�†�) + �5�

†��†�

�(1, 3, 2)

sin�± ⇠ sin�0 ⇠ sin↵ ⇠ v�
v�

⇠ 0

⇢ ⌘ m2
W

m2
Z cos2 ✓W

=
1 + 2v2

�

v2
�

1 +
4v2

�

v2
�

⇢ = 1.0006± 0.0009
PDG, 2016

0  v� . 3.0 GeV

v� ⌧ v� ' v

v =
q

v2� + v2� = 246GeV



m2
h
' 2v2��1 ' 2v2�1, mH ' m� ' mA, m2

H± ' m2
� � �5

4
v2�, m2

H±± ' m2
� � �5

2
v2�

Yong Du UMass-Amherst ACFI5

Model key features



m2
h
' 2v2��1 ' 2v2�1, mH ' m� ' mA, m2

H± ' m2
� � �5

4
v2�, m2

H±± ' m2
� � �5

2
v2�

Yong Du UMass-Amherst ACFI

Fixed by SM  
Higgs mass
�1 ' 0.129

5

Model key features



m2
h
' 2v2��1 ' 2v2�1, mH ' m� ' mA, m2

H± ' m2
� � �5

4
v2�, m2

H±± ' m2
� � �5

2
v2�

Yong Du UMass-Amherst ACFI

Fixed by SM  
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Fixed by SM  
Higgs mass
�1 ' 0.129

Determined by mass splitting

�m = |mH±± �mH± | ⇡ |mH± �mH,A| ⇡
|�5|v2�
8m�

⇡ |�5|v2

8m�

Basically the mass 
scale of  the triplet
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Also determines the mass hierarchy

�5  0 : mh < mH ' mA  mH±  mH±±
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Brief  summary

V (�,�) = �m2�†�+M2Tr(�†�) +
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Fixed by SM Higgs mass

Remain unknown

Determined by mass splitting

From the BRs
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Model discovery
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Model discovery
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Model discovery
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m� � 0GeV

, mH±± � 54.78GeV

LEP constraints  
automatically satisfied

OPAL (1992, 2002)
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Higgs portal parameter determination

�m = |mH±± �mH± | ⇡ |mH± �mH,A| ⇡
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8m�

Upon discovery,       can be determined readily by the mass splitting.�5
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Higgs portal parameter determination

�m = |mH±± �mH± | ⇡ |mH± �mH,A| ⇡
|�5|v2�
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⇡ |�5|v2
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Upon discovery,       can be determined readily by the mass splitting.�5

Can determine       from precise measurements on Br(                      ) 
after discovery.
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Higgs portal parameter determination
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Summary

1. Can generate neutrino masses through a type-II seesaw 
mechanism and explain BAU via EW baryogenesis. Same-
sign di-lepton channel is the smoking-gun signature.

14

2.                                        with                                                 could 
cover a significant portion of  the CTHM parameter space for 
model discovery.

pp ! H
++

H
��

/H
±±

H
⌥

H
±± ! `

±
`
±
/W

±
W

±
, H

± ! hW
±

3. Upon discovery,  the Higgs portal parameter       can be 
determined from the mass splitting,     can be determined 
from precise measurements on Br(                  )

�5

�4
H

± ! hW
±

4.             decay rate can indirectly help       determination by 
excluding a large part of  the parameter space.

h ! �� �4
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CTHM setup
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Model key features: Type-II seesaw mechanism

LY =(h⌫)ijLici⌧2�Lj + h.c.

(m⌫)ij =
p
2(h⌫)ijv�

EWSB h⌫ can be O(1)

Lepton number violated by 2, and we have the same-sign di-lepton 
channel for the doubly charged component of  the triplet--Smoking-gun 
signature for the triplet
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Model key features
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Model key features
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RGE running

Arhrib et al, PRD84, 095005 (2011)

Bonilla et al, PRD92, 075028 (2015)

Tree-level vacuum stability
Perturbative unitarity
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RGE running
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RGE running

Arhrib et al, PRD84, 095005 (2011)

Bonilla et al, PRD92, 075028 (2015)

Tree-level vacuum stability
Perturbative unitarity
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�
�
�
�

λ�

λ �

Perturbativity (1-loop)

Chao et al (2012), Riesselmann et al (2012)
Machacek and Vaughn (1983, 1984, 1985)

�1 = 0.129,�2 = 0.2,�3 = 0,�4 = 0,�5 = �0.1
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Production and decay
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Rh�� =
�NP(h ! ��) + �SM(h ! ��)

�SM(h ! ��)

H
±
/H

±±
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Higgs portal parameter determination


