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2HDM:
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Reparametrization

Rotate	to	Physical	Space

Higgs	Potential

• Tree-level	coupling	depends	on																															

solely	

tan�, cos(� � ↵)
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• Convention:	

• Alignment	limit: cos(� � ↵) = 0
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2HDM:	Yukawa	Couplings

Type-I
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Normalized	Higgs	Couplings:
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• At	tree	level,	while	type-II	shows	enhancement	at	both	small	and	large										,
type-I	only	enhances	at	small											.
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Tri-higgs couplings	play	significant	role	in	2HDM
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in	alignment	limit	
�v2 ⌘ M2 �m2

�

Enhance	at	large	
.

Proportional	to	M 2

in	non-alignment	
case

1) Strong	enhancement	at	tree-level when													is	small

2) large														enhancement	due	to	tri-higgs coupling	at	1-loop	level

are	two	main	factors	that	define	the	behavior	of	type-I	2HDM.
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• Higss Precision	Measurement

• EW	Precision	Measurement

• Total

Fitting	strategy
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�i ‘s	are	the	projected	precision	of	CEPC
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Type-I:	mass	degenerate m� = mH = mA = mH±
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Theoretical	Constraint

Unitarity +	perturbtivity +	stability

Strong	restriction	due	

to							enhancement	

at	small															at	

tree	level.
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Tree	level	+	1-loop



Type-I:	mass	degenerate m� = mH = mA = mH±

p
�v2 dependence	of	theoretical	constraint
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Type-I:	mass	degenerate m� = mH = mA = mH±

• No	large														dependence	in	alignment	limit,	so	it’s	only	bounded	from	below.
• Heavy	higgs mass	is	bounded	from	above	in	non-alignment	case.	
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Type-I:	mass	degenerate m� = mH = mA = mH±

✓

✘

• No	large														dependence	in	alignment	limit,	so	it’s	only	bounded	from	below.
• Heavy	higgs mass	is	bounded	from	above	in	non-alignment	case.	
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Type-I:	alignment	limit cos(� � ↵) = 0

• Theoretical	constraint	forces																	.

• A	correlation	between													and													manifests	for																				.	
�v2 ⇡ 0

�mA �mC tan� & 1

�mA = mA �mH

�mC = mC �mH
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Type-I:	alignment	limit	 cos(� � ↵) = 0

mH± ⇡ mH or mH± ⇡ mA• EW	precision	requires																																																						.

• Higgs	precision	measurement	sets	a	bound	on	heavy	higgs mass	splitting,	which	is	complementary	to	EW	precision.11



Comparison	Among	Different	Colliders
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Comparison	Among	Different	Colliders
Higgs EW Higgs+EW
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Summary

• At	tree	level,	Type-I	higgs coupling	to	fermions	manifests	strong	
enhancement	at	small											.
• Tri-higgs coupling	imposes	a	strong	cosntraint at	large											.
• Due	to	tri-higgs coupling,	heavy	higgs mass	is	bounded	from	above	in	
non-alignment	case.
• Complementary	to	EW	precision	measurement,	higgs precision	
measurement	sets	a	bound	on	heavy	higgs mass	splitting.
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