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Challenges	within	SM

4/20/19 VQ	Tran–TeV	2019-NNU 2

Ø What	is	origin	of	DM?	
Ø What	is	the	origin	of	neutrino	mass?,	

Why	are	they	so	light?	
Ø Etc.

Rotation	curve	of	spiral	galaxyM33

Credit:	symmetrymagazine.org
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Made	by	T.	Tait

New	Physics	Model



Ø It	was	motivated	by	the	iHDM of	DM.
Ø Inert	Higgs,	DM	candidate,	is	protected	by	the	gauge	invariance	
instead	of	ad-hoc	𝑍" symmetry.

Ø Neutrino	has	Dirac	mass.
Ø It	is	anomaly	free	and	naturally	absence	of	FCNC	at	tree	level.	
ØUnlike	Left-Right	symmetric	models,	the	complex	vector	fields	
𝑊$(&,() are	electrically	neutral.

Some	interesting	features	of	G2HDM

JHEP 1604 (2016) 019
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Anomaly	free!
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Matter	content
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Consistency	of	
scalar	sector
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Ø New	gauge	group:	𝑆𝑈(2)-⨂𝑈(1)0

Gauge	sector

Ø The	SM	W	bosons	acquire	a	mass	by	eating	the	charged	
components	of	𝐻2 as	in	the	SM	since	𝐻" does	not	get	VEV	and	
other	scalars	(Φ- and	Δ-)	are	neutral.	

Ø 𝑆𝑈(2)-	𝑊′ bosons	receive	a	mass	from	all	VEVs	 𝐻2 , Φ" 	and	 ∆; .	
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Gauge	sector
Ø 𝐻2 also	gives	mass	to	𝑊$; and	𝑋 boson because	of	their	quantum	

number.	Hence	𝑊$; and	𝑋mix	with	SM	gauge	boson	𝑊; and	𝑌.

in	the	interaction	basis	of	 𝐵,𝑊;,𝑊$;, 𝑋 .	Here	𝑔-(𝑔0) is		
the	𝑆𝑈(2)-	(𝑈(1)0)	gauge	coupling	constant	and	v	(vA)	is	VEV	of	𝐻2 (Φ-).	
Their	mass	eigenstates	are	denoted	as		 𝐴, 𝑍,𝑍$, 𝑍′′

Ø It	turns	out	dark	photon	has	massless	which	might	not	be	phenomenologically	
desirable.	One	can	use	Stueckelberg Lagrangian to	give	mass	for	the	dark	
photon.	 B. Kors and P. Nath 2004, 2005
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Parameter	set-up



Direct	Zʹ	resonance	search	at	the	
ATLAS	and	CMS	13	TeV.
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Y.	L.	S.	Tsai	and	T.	C.	Yuan
1708.02355	

≈

LHC	constraint
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LEP+LHC	constraints:	Heavy	𝑀0 Scenario

• LHC	gives	the	most	stringent	constraint	on	g- and	vA in	case	of	𝑊$;-like	but	not	X-like.	
• It	turns	out	vA is	very	sensitive	to	LEP+LHC	data	constraints,	vA>		23	TeV at	95%	CL.	

13	TeV ATLAS	Z’			
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LEP+LHC	constraints:	Light	𝑀0 Scenario

• LHC	gives	the	most	stringent	constraint	on	g- and	vA in	both	cases	of	𝑊$;-like	and	X-like.	
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CEPC	sensitivity		

• CEPC	puts	a	significant	improvement	on	the	lower	bound	of	vA (45	TeV for	heavy	
𝑀0 scenario,	36	TeV for	light	𝑀0 scenario	at	95%	CL).

• Heavy	𝑀0 scenario	is	more	sensitive	than	light	𝑀0 scenario.
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• New	gauge	couplings	are	not	really	sensitive	at	CEPC.

CEPC	sensitivity		



• G2HDM	not	only	addresses	to	the	DM	but	also	neutrino	mass	issue.	
• Without	resorting	to	an	ad-hoc	𝑍" symmetry,	an	inert	Higgs	doublet	
𝐻" can	be	naturally	realized,	providing	a	DM	candidate.	
• The	constraints	on	the	new	parameters	in	the	gauge	sector	of	G2HDM	
is	studied	by	using	EWPT	data	collected	from	LEP	at	and	off	the	Z-pole	
as	well	as	current	high-mass	dilepton resonance	search	from	the	LHC.
• Projected	sensitivities	of	the	new	parameters	at	the	CEPC	proposed	to	
be	built	in	China	are	also	discussed.
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Conclusion		



Back	up
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• SM	quarks	and		lepton	obtain	their	masses	from	the	VEV	of	H1

Absence	of	FCNC	interactions	at	tree	level	naturally!	

SMSM

SM
Dirac	neutrino	mass
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Yukawa	interaction
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Where

Higgs	potential
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Higgs	potential
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Spontaneous	symmetry	breaking
Let	parametrize	the	fields	as
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Spontaneous	symmetry	breaking

By	solving	this	set	of	coupled	equations,	one	can	get	solutions	
for	𝑣, 𝑣G and	𝑣H in	terms	of	other	parameters	in	the	potential.	

We	will	obtain	the	following	equations	by	minimizing	the	potential	



Scalar	Mass	Spectrum
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Scalar	Mass	Spectrum
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Scalar	Mass	Spectrum



Accidental	Z2	symmetry	assignment
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Mass	matrix	diagonalization	
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Where

One	can	diagonalize the	4	by	4	mass	matrix	by	an	orthogonal	rotation	matrix	as	follows:	

with



LEP	and	CEPC	observables
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Z’	composition	

4/21/19 VQ	Tran–TeV	2019-NNU 28
Here	𝑍" ≡ 𝑍′


