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•  After the Standard Model (SM) Higgs discovery at the LHC, one could 
ask if there exist other scalar particles. Additionally, what is dark matter 
(DM) and where does the tiny neutrino mass come from?   

•  Two Higgs doublets can naturally arise such as Hu and Hd in SUSY due 
to anomaly cancelation and SUSY chiral structure  

•  Two Higgs doublets can also provide an additional CP phase to realize 
observed baron asymmetry, which can not be accounted for in the SM  

 

 

 

 

Motivation 



•  Out of many two Higgs doublet models, the inert two Higgs 
doublet model (IHDM) (Deshpande and Ma ’78) provides a DM candidate, 
and features simpler Higgs potential and Yukawa couplings 
because of an ad-hoc Z2 symmetry 

•  IHDM also avoids flavor-changing-neutral-current due to the Z2 
symmetry    

•  However, the Z2 symmetry is imposed by hand without 
justification 

   

   

 

 

Motivation 



•  We introduce extra gauge groups SU(2)H ⊗ U(1)X  into the SM  

•  SU(2)L symmetry breaking can be induced by SU(2)H symmetry 
breaking 

•  One of Higgs doublets can be inert and its stability are protected by the 
SU(2)H gauge symmetry and Lorentz invariance 

•  Unlike Left-Right (LR) symmetric models (Mohapatra and Pati ’75, Senjanovic 
and Mohapatra ’75 ’80), the complex gauge fields are electrically neutral 

•  Neutrinos would be Dirac fermions unless additional lepton number 
violation terms are involved 

   

 

 

Model features 



LR symmetric models versus SU(2)H 

Ø  G2HDM	has	the	different	parDcle	content	from	SU(2)N	which	also	features	
three	neutral	gauge	bosons	proposed	by	Diaz-Cruz	and	Ma	(1007.2631)			



Particle contents 
v  H1 and H2 are embedded into a 

SU(2)H doublet 

v  SU(2)L doublet fermions are 
singlets under SU(2)H while 
SU(2)L singlet fermions pair up 
with heavy fermions as SU(2)H 
doublets 

v  VEVs of 𝚽H and 𝚫H give	a	mass	
to	SU(2)H	gauge	bosons		

v  VEV of 𝚽H gives	a	Dirac	mass	to	
heavy	fermions	
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Higgs potential 



Higgs potential 

U(1)X	is	introduced	mainly	to	simplify	the	scalar	potenDal	

which also vanish for each generation.

 G ⌘ {G+, G0, Gp
H , G

0

H} are Goldstone bosons

 ⌘ {h,H
2

,�
1

,�
2

, �
3

,�p} are the physical fields

V
mix

(H,�H ,�H) = +MH�

�
H†�HH

�
�M

��

⇣
�†

H�H�H

⌘

+ �H�

�
H†H

�
Tr

⇣
�†

H�H

⌘
+ �H�

�
H†H

� ⇣
�†

H�H

⌘

+ �
��

⇣
�†

H�H

⌘
Tr

⇣
�†

H�H

⌘
,

= +MH�

✓
1p
2
H†

1

H
2

�p +
1

2
H†

1

H
1

�
3

+
1p
2
H†

2

H
1

�m � 1

2
H†

2

H
2

�
3

◆

�M
��

✓
1p
2
�⇤

1

�
2

�p +
1

2
�⇤

1

�
1

�
3

+
1p
2
�⇤

2

�
1

�m � 1

2
�⇤

2

�
2

�
3

◆

+ �H�

⇣
H†

1

H
1

+H†
2

H
2

⌘✓
1

2
�2

3

+�p�m

◆

+ �H�

⇣
H†

1

H
1

+H†
2

H
2

⌘
(�⇤

1

�
1

+ �⇤
2

�
2

)

+ �
��

(�⇤
1

�
1

+ �⇤
2

�
2

)

✓
1

2
�2

3

+�p�m

◆
, (1)

V
mix

(h, �
3

,�
2

) � +MH�

✓
1

2
H†

1

H
1

�
3

◆
+ �H�

⇣
H†

1

H
1

⌘✓
1

2
�2

3

◆

+ �H�

⇣
H†

1

H
1

⌘
(�⇤

2

�
2

) + �
��

(�⇤
2

�
2

)

✓
1

2
�2

3

◆

�M
��

✓
1

2
�⇤

2

�
2

�
3

◆

V
mix

�
Gp

H ,�p, H
0⇤
2

�
� +MH�

✓
1p
2
H†

1

H
2

�p +
1p
2
H†

2

H
1

�m

◆

�M
��

✓
1p
2
�⇤

1

�
2

�p +
1p
2
�⇤

2

�
1

�m

◆

sin ✓w =
g0p

g2 + g02
, (2)

sin ✓ZZ0 ⇡
p
g2 + g02 v2

gH v2
�

(in the limit of v
�

� v) , (3)

2



•  If <𝜟3>= -v𝜟 ≠0, the quadratic terms for H1 and H2 read:  

•  If <𝜟3>= -v𝜟 ≠0, the quadratic terms for 𝚽1 and 𝚽2 read:  

Ø Therefore, SU(2)H spontaneous symmetry breaking can trigger 

SU(2)L symmetry breaking even if       is positive 

Higgs potential 



•  We choose to pair SM SU(2)L singlet fermions with heavy 

fermions to form SU(2)H doublets as 

•  To give a mass to heavy fermions, we add “left-handed” partners 

with the help of the SU(2)H scalar doublet 𝚽H:  

 

Yukawa couplings 



•  First, we Taylor-expand scalar fields around the vacua 

 

•  We have the mixing between              and                   due to: 

 

 

 

 

Scalar mass spectrum 

Ø  We have 6 Goldstone bosons, absorbed by 3 SM gauge bosons and 3 SU(2)H 
ones, yielding the massless photon and dark photon   

	



§  We have two mixing matrices for              and  

 

 

 

Scalar mass spectrum 



Reproduce 125 GeV Higgs and VEV 

§  Here,	we	perform	parameter	scans	
to	reproduce	the	125	GeV	Higgs	
boson	whose	VEV=246	GeV		

§  For	ƛH=0.13,	we	recover	the	SM-like	Higgs	
while	the	SM	Higgs	receives	contribuDons	via	
mixing	with	other	scalars	when	MHỎ	is	large		

IV. PHENOMENOLOGY

In this Section, we discuss some phenomenology implications of the model by examining

the mass spectra of scalars and gauge bosons, Z 0 constraints from various experiments, and

Higgs properties of this model against the LHC measurements on the partial decay widths

of the SM Higgs boson, which is h1 in the model.

A. Numerical Solutions for Scalar and Gauge Boson Masses

FIG. 1: The SM Higgs mass dependence on MH� and �H . In the limit of v�, v� � v, the Higgs

mass is basically determined by two parameters MH� and �H only. Other parameters are set as

follows: �� = 0.5, �� = 1, v� = v� = 10TeV and M�� = 0.8MH�.

We first study the SM Higgs mass (mh1) dependence on the parameters in the mass matrix

in Eq. (21). As we shall see later the vev v� has to be bigger than 10 TeV (� v = 246 GeV).

In light of LEP measurements on the e+e� ! e+e� cross-section [52], the mass matrix will

exhibit block-diagonal structure with the bottom-right 2-by-2 block much bigger than the

rest and h basically decouple from �2 and �3.
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Ø We have 6 Goldstone bosons: 2 absorbed by SM W, 2 eaten by SU(2)H 
W’ and the rest two by Z and Z’. 

Ø The SM W bosons acquire a mass by eating the charged 

components of H1 as in the SM since H2 does not get a VEV and 

the other scalars (𝚽H and 𝚫H) are neutral 

Ø SU(2)H W’ bosons receive a mass from all VEVs, <𝚫3> , <𝚽2> 

and <H1> : 

Gauge boson mass spectrum 



Ø <𝚫3> gives a mass to SU(2)H W’(p,m) bosons but not W’3 while 

one linear combination of W’3 and X obtains a mass from <𝚽2>   

Ø <H1> also gives a mass to W’3 and X because of its quantum 

numbers. Hence, W’3 and X mix with the SM W3 and Y. 

 

Gauge boson mass spectrum 

v Massless photon 𝛾 and dark photon 𝛾’ → Stueckelberg	mass	terms	
(Kors	and	Nath	’04	’05)	or	gX=0.  



Ø The 3-by-3 mass matrix can be diagonalized by only 2 mixing 

angles:  

 

Gauge boson mass spectrum 

Q=	Y	+	I3	is	a	good	quantum	number	



Experimental constraints on Z’ 

§  The	red	line	comes	from	direct	Z’	
resonance	searches	(1412.6302)	

§  The	black	dashed	line	comes	from	
LEP	constraints	on	the	cross-secDon	
of	e+	e-	→	e+e-		(hep-ex/0312023)	
⇒v𝚽>10	TeV	

§  The	blue	doged	line	comes	from	
EWPT	data	and	collider	constraints	
on	the	Z-Z’	mixing(0906.2435,	
1406.6776)		



h → 𝛾𝛾 and Z𝛾   



LHC 750 GeV diphoton excess 



LHC 750 GeV diphoton excess 

§  The	purple	band	corresponds	to	the	
observed	diphoton	X-secDon	(~6.2	±	
1.0	j-1)	(J.	Ellis	et	al.,	1512.05327)		

	
§  The	green(purple)	shaded	region	

corresponds	to	the	total	decay	
width	of	𝜙2	around	45	GeV	
with(without)	heavy	neutral	
fermions	(𝜈HR)		

§  To	account	for	the	diphoton	excess,	
one	have	very	small	gH	to	evade	the	
LEP	bounds,	leading	to	a	very	light	Z’			



Charged lepton magnetic dipole moment 

•  RadiaDve	correcDons	involving	
W’	and	𝜇H	(eH)	will	contribute	to	
muon	(electron)	g-2	

•  Z’	contribuDons	and	the	Z-Z’	
mixing	also	generate	𝛥aℓ	

•  We	neglect	H2	contribuDons	due	
to	small	e-	and	𝜇-Yukawa	
couplings	

	



Conclusions 

•  We present the model with two Higgs doublets embedded into a 
doublet under the new non-abelian SU(2)H gauge group 

•  Spontaneous SU(2)H symmetry breaking triggers SU(2)L 

breaking  

•  The stability of H2
0 as DM is protected by the SU(2)H gauge 

symmetry, instead of the Z2 symmetry    

•  Additional gauge bosons are all electrically neutral unlike Left-

Right symmetric models 



Conclusions 

•  Z-Z’ mixing is constrained to be small from various bounds which 

force v𝚽>10 TeV for heavy Z’ 

•  h → 𝛾𝛾 and Z𝛾 constraints are consistent with the LHC 

measurements as long as H2
± are heavier than 100 GeV 

•  The model can account for the LHC 750 GeV diphoton excess 

as well as the muon g-2 anomaly 


