
Pair	Production	of	Higgs	Boson	in	G2HDM	
at	the	LHC

CLHCP	2018	- CCNU	Wuhan
Van	Que	Tran	

Nanjing	University
In	collaboration	with	:

T.C	Yuan,	Chuan-Ren	Chen,	Yu-Xiang	Lin



Content

1. Introduction
2. Pair	Higgs	Boson	Production	in	G2HDM.
3. Conclusion

12/21/18 VQ	Tran	– CLHCP2018-WuHan 2



Higgs	boson	was	discovered	at	LHC!
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Phys. Lett. B 784 (2018) 345



• The	current	LHC	measurements	of	
Higgs	boson	couplings	reach	the	
precision	of	10-20%

What	about	the	Higgs	self-coupling???

JHEP	08	(2016)	045
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ATLAS-CONF-2018-031



The	Higgs	self	coupling	is	a	key	parameter	that	can	help	
us	reconstructing	the	shape	of	the	Higgs	potential.	
ü How	EWSB	really	happens	
ü Whether	there	is	an	extended	Higgs	sector
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However,	it	is	a	challenging	measurement	for	the	SM	due	to	its	
small	production	cross	section
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Taken	from	Luca	Cadamuro‘s	talk	

Ø 4b	final	state	channel	has	
highest	BR.	But	suffer	with	
huge	QCD	backgrounds.

Ø yybb ->	clean	signal	but	
small	BR.
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Where	to	look	for	the	
di-Higgs	production?	



Currently,	ATLAS	and	CMS	have	imposed	upper	limits	on	σ/ σSM with	
various	categories	of	signal	final	states	in	Higgs	pair	searches	at	the	13	TeV
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ATLAS-CONF-2018-043

ATLAS:	𝝈𝑯𝑯	𝒄𝒐𝒎𝒃 < 𝟔.𝟕×SM	(10.4	exp.)
CMS: 𝝈𝑯𝑯	𝒄𝒐𝒎𝒃 < 𝟐𝟐.𝟐×SM	(12.8	exp.)

CERN-EP-2018-292



Limits	on	Higgs	self-coupling
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CMS:	

CERN-EP-2018-292 ATLAS-CONF-2018-043

−	𝟏𝟏. 𝟖	 < 	𝜿𝝀	< 𝟏𝟖. 𝟖
−	𝟕.𝟏	 < 	𝜿𝝀	< 𝟏𝟑. 𝟔	(𝒆𝒙𝒑. ) ATLAS:	

−	𝟓.𝟎	 < 	𝜿𝝀	< 𝟏𝟐. 𝟏
−	𝟓.𝟖	 < 	𝜿𝝀	< 𝟏𝟐. 𝟎	(𝒆𝒙𝒑. )



Constraints	on	new	heavy	scalars
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1. Modification	in	the	quark	Yukawa	
couplings

2. Modification	in	the	trilinear	Higgs	self-
coupling

3. New	colored	particles	running	in	triangle	
and	box	loops

4. Existence	of	new	heavy	scalars	decaying	
into	Higgs	pairs

Ø (1)—(3)	belong	to	the	non-resonance	
effect,	while	(4)	belongs	to	the	resonance	
effect.

G2HDM	has	all	
these	ingredients!

BSM	physics	can	easily	affect	the	Higgs	pair	
production cross	section	through:
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G2HDM:	Gauged	2	Higgs	Doublet	Model
• G2HDM	=	Using	gauge	symmetry,	instead	of	the	𝑍< discrete	
symmetry,	to	protect	DM	candidate	in	the	inert	2	Higgs	Doublet	
Model	(iDHM).
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JHEP 1604 (2016) 019

New	fermions	and new	scalars	are	introduced	in	this	model!

𝐻<> is	stable	(DM	candidate)	under	
protection	of	𝑆𝑈(2)B
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Relevant	couplings	in	G2HDM ℎD ≡ ℎFG
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Numerical	Results 𝜆IJIJIJ =
𝑔IJIJIJ

𝑔IIIFGM

ü The	cross	section	of	Double	Higgs	Boson	production	is	up	to	~𝑂(10<) times	
SM	value	in	the	G2HDM	

arXiv:1810.04837 [hep-ph]



12/21/18 VQ	Tran	– CLHCP2018-WuHan 15

DM	constraints

ü DM	constraints	cut	off	almost	all	the	parameter	space	which	significantly	
enhances	the	cross	section	of	double	Higgs	boson	production.	
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Without	DM	constraints With	DM	constraints
Numerical	Results

ü Higgs	boson	trilinear	coupling	is	stringently	constrained	by	DM	searches
ü The	production	cross	section	is	about	one	order	of	magnitude	lower	as	compared	with	

the	one	before	imposing	the	DM	constraints	



Pick	up	7	benchmark	points	which	allowed	by	the	combined	(VS+PU+HP+DM)	constraints	
• Higgs	self	coupling	is	negative	in	the	points	,	C,	D
• 125	GeV	Higgs	boson	Yukawa	coupling	is	almost	the	same	as	SM	value.	
• A,	B,	C,	D	points	are	used	for	studying	𝑏𝑏S𝛾𝛾 final	state	channel.	E,	F,	G	for	𝑏𝑏S𝑏𝑏S final	state	
channel.	12/21/18 VQ	Tran	– CLHCP2018-WuHan 17
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𝑏𝑏S𝛾𝛾 final	state	channel
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ü We	can	not	distinguish	the	signals	between	the	heavy	scalar	
resonance	with	a	mass	of	400	GeV	and	the	SM	at	13TeV	HL-LHC
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Conclusion

üStudying	Higgs	boson	pair	production	is	an	important	way	to	probe	
for	the	details	of	Higgs	boson	properties,	especially	for	the	self-
coupling	of	the	Higgs	boson	

ü The	G2HDM	not	only	addresses	the	DM	issue	but	also	Higgs	pair	
production.	It	has	all	ingredients	to	explore	the	impacts	of	new	
Physics	beyond	SM	on	the	Higgs	boson	pair	production.	

üWe	find	out	that	the	Higgs	boson	trilinear	coupling	is	stringently	
constrained	by	the	DM	relic	density	and	direct	searches.
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Backup	Slides

12/21/18 VQ	Tran	– CLHCP2018-WuHan 22



Huang,	Tsai,	Yuan	1708.02355

Anomaly	free!
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The	G2HDM
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Theoretical	and	Higgs	
Phenomenological	
Constraints	

A.	Arhrib,	W.	C.	Huang,	R.	Ramos,	Y.	L.	S.	
Tsai	&	T.	C.	Yuan	1806.05632	



Direct	Zʹ	resonance	search	at	the	
latest	ATLAS	and	CMS	13	TeV.
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W.	C.	Huang,	H.	Ishida,	C.	T.	Lu,	
Y.	L.	S.	Tsai	and	T.	C.	Yuan
1708.02355	

≈
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Cuts:
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Cuts: At	least	four	b-jets	with	PT	>	30	GeV	and	|η|	<	2.5.	

ATLAS-CONF-2016-049	

12/21/18 VQ	Tran	– CLHCP2018-WuHan 28



Finally,	the	mass	of	Higgs	boson	candidate	must	lie	in	the	signal	region:	
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Cuts	(con’t)



𝑏𝑏S𝑏𝑏S final	state	channel
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• BP	E	has	more	dominant	
contribution	from	the	resonant	
process

• While	BP	F	G	are	behavior	
another	way	around	for
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• The	∆R	distributions	tend	to	separate	into	two	peaks,	one	is	about	∆R	≈	1,	
while	another	is	about	∆R	≈	3	

• The	peak	about	1	represents	the	resonant	contribution,	while	the	peak	
about	3	represents	non-resonant	contribution	

𝑏𝑏S𝑏𝑏S final	state	channel



Signal	Significances	of	Higgs	pair	production
• At	HL-LHC	(14	TeV,	3000𝑓𝑏WD)
üATLAS:	1.05𝜎 for	𝛾𝛾𝑏𝑏S final	state	channel
üCMS:

ü1.6𝜎 for	𝛾𝛾𝑏𝑏S final	state	channel
ü0.39𝜎 for	𝑏𝑏S𝜏Z𝜏W

ü0.45𝜎 for	𝑏𝑏SVV*
ü0.39𝜎 for	𝑏𝑏S𝑏𝑏S

• AT	100	TeV LHC:	the	pair	Higgs	will	be	discovered	at	L	=	256	ifb with	
bbyy final	channel.
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ATL-PHYS-PUB-2017-001

CERN-CMS-DP-2016-064


