
Higgs	triple	coupling
of	a	classically	scale	invariant	model
in	𝑒"𝑒# → 𝑍ℎℎ

FUJITANI YOSHIO	/TOHOKU	UNIV.	

SUMMER	CAMP	ON	ILC	2017

1



Contents	

2

•Introduction
•Classically	Scale	Invariant	(CSI)-Model
•Higgs	triple	coupling	with	kinematical	dependence	
• 𝑒"𝑒# → 𝑍ℎℎ
•Summary	



Higgs	discovery	and	next…
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1207.7214,	ATLAS
1207.7235,	CMS

Higgs	boson	was	discovered!

Higgs	triple	coupling	

Next

Which	is	nature	SM/2HDM/many	other	models	?
Access	to	global	shape	of	EW	vacuum



Self-interaction	and	eff.	pot.
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Higgs	discovery

Higgs	self	interaction

0 =
𝑑𝑉
𝑑𝑣

𝑑,𝑉
𝑑𝑣,

𝑑-𝑉
𝑑𝑣-

0 =
𝑑𝑉
𝑑𝑣

VEV 𝑚/
, 𝑑,𝑉

𝑑𝑣,

𝜆///
𝑑1𝑉
𝑑𝑣1

Global	Shape	of	pot.	is	unknown
A	model	which	has	different	pot.	is	possible.
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Classically	Scale	Invariant	(CSI)	model
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𝓛	=𝓛	45	67→8 +
1
2 𝜕6	𝑆

, − 𝜆/? 𝐻A𝐻 	𝑆, 	−
𝜆4
4 𝑆

C

𝜇,𝐻A𝐻 − 𝜆/ 𝐻A𝐻 ,		 SM	singlet	scalar Higgs	portal	coupling
Foot	et.al.,2007	Endo,Sumino 2015

• EWSB	→ Coleman-Weinberg	mechanism	(PRD.7	1888)
• Log-like	potential	(non-SM-like)
• Large	deviation	is	expected	
• Point-like	𝜆/// prediction

Parameters	(𝜆/,/?)	are	fixed

Log vs.	polynomial



Higgs	triple	coupling	in	CSI-model

66

From	effective	potential,	higgs triple	coupling	is

𝜆///F4G =
1
𝑣
𝑑1𝑉
𝑑𝑣1 =

5𝑚/
,

𝑣, =
5
3 𝜆///

45 → +67%

We	have	to	compare	them	in	physical	process.

Chway,	et.al.	2013,Endo,Sumino	2015,
Hashino,Kanemura,Orikasa,2015

𝑞

𝑘O

𝑘,

h

But,	momentum	scale	of		ℎ∗ → ℎℎ	~𝑂(𝑚/)
Kinematical	dependence	will	be	the	same	order to	𝑑1𝑉/𝑑𝑣1,
and	make	𝜆/// large	or	small?

tree + 1	loop for	CW



Physical	process	in	CSI-model
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In	CSI-model,	to	generate	EW	vac.	by	CW-mechanism,
loop	diagrams	contribute	at	Leading	Order(LO).
Naïve	perturbation	(loop	expansion)	can	not	work.
So,

•Assign	expansion	parameter	which	respects	CW-mechanism
•Fix	𝜆/,	𝜆/\	(and	counter-term)	by	tadpole and	higgs mass	conditions
•Evaluate	higgs triple	coupling	at	LO



𝜉-expansion	
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In	CW-mechanism,	eff.	pot.	has	vacuum	
at	tree	+	(parts	of	)	1	loop	order.

0 =
𝑑
𝑑𝜑 𝑉 = 𝜑1 −

𝜇,

𝜑, + 𝜆/ −
𝜆/?,

4𝜋 , … +
3𝑦bC

4𝜋 , … +⋯

𝜆/ → 𝜉,𝜆/, 𝜆/? → 𝜉𝜆/?, 𝑦b → 𝜉O/,𝑦b, others → 𝑂(𝜉,)
= 0

tree+ 1loop
tree
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pole

3𝑣, 𝜉,𝜆f + 𝛿𝜆

𝜉,m/
, =

Parameter	determination

9

tadpole 0 =
𝑣1 𝜆f + 𝛿𝜆

𝑞, = 𝑚/
,

Endo,Ishiwata,Sumino,2016

Using	these	conditions,	determine	𝜆/? = 4.8	, 𝜆/ ~O(10#,)(𝑀𝑆)

S S

S

top

top

hh
h

h

h
h

h

𝜉,𝑚/
,, 𝜉,Σ 𝑞, ~𝑂(𝜉,)



Diagrams	for	Higgs	triple	coupling

10

Diagrams	which	contribute	to	higgs triple	coupling	in	CSI-model

𝑞

𝑘O

𝑘,

Two	point	function
(𝑞, − 𝜉,𝑚/

,)/ 𝑞, − 𝜉,𝑚/
, − 𝜉,Σ(𝑞,) Three	point	function

𝑘O, = 𝑘,, = 𝑚/
,

𝜆/// 𝑞, =
1
𝑣 ×

Effective	coupling	of	ℎ∗ → ℎℎ	



Two	point	function	(same	as	par.	det.)
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~
𝜆f4, 𝑣,

4𝜋 ,

~
𝜆f4, 𝑣,

4𝜋 ,

~
3𝑦bC𝑣,

2 4𝜋 ,

+higgs-tree
𝑚? = 𝜉O/,𝜆/?

O/,𝑣 = 543GeV
𝑚b = 𝜉O/,𝑦b𝑣/ 2� = 173GeV

S

S

top

𝑞h

h

h

𝑞

𝑞



𝑞

𝑘O

𝑘,

Three	point	function
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𝑞
𝑘O
𝑘,

𝑞 𝑘O

𝑘,

+(𝑞, 𝑘O,,	cyclic)
+(𝑘O ↔ 𝑘,)

~
𝜆f4, 𝑣
4𝜋 ,

~
𝜆f4, 𝑣
4𝜋 ,

~
3𝑦bC𝑣
2� 4𝜋 ,

+higgs-tree

S

S

top

h

h

h



λhhh (numerical)

SM tree+top loop
eff. pot.
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Results
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= 1.28× 1.+	0.0202852	
𝑞,

4𝑚/
, 	+ 	0.00290254

𝑞,

4𝑚/
,

,

+ ⋯
O
w
( )

+70% from	SM at	𝑞, = 400,GeV,
+67%(eff.	pot.) from	SM

More	enhanced	in	physical	condition
λhhh (numerical)

SM tree+top loop
eff. pot.
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λhhh (numerical)

SM tree+top loop
eff. pot.
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Kinematical	region	for	e"e# → 𝑍ℎℎ	at	 𝑠� = 500GeV
2𝑚/

, ≤ 𝑞, ≤ 𝑠� − 𝑚{
,

λhhh (numerical)
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eff. pot.
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𝑒"𝑒# → 𝑍ℎℎ
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Double-higgsstrahlung process
• Dominant	process

at	 𝑠� = 500GeV
• Signal	diagram	and	

three	back	ground	diagrams

Fujii,Tian,2013

~𝑂(𝜉|)
(LO)

page 1/1

Diagrams made by MadGraph5_aMC@NLO
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Cross	section	
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Evaluate	total	cross	section	using	MadGraph5	
𝑃 𝑒", 𝑒# = (0.3, −0.8) at	 𝑠� = 500GeV	
ℳ�?� = BG�� + signal��× 𝜆///�?� 𝑞, /𝜆///45

𝜎}}→{//�?� = 0.343	fb, 𝛿𝜎/𝜎 = +47%

Integrated	Luminosity	to	discover	5𝜎/exclude	3𝜎

710/260fb#O Based	on	LC-REP-2013-003,	1𝜎 ≃ 𝑁?��/ 𝑁��
�
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Summary
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• Higgs	triple	coupling	is	probe	of	new	physics	(of	higgs sector)
• CSI-model has	different	potential	structure	from	SM

and	different	predictions
• Compared	to	SM,	higgs triple	coupling	

becomes	+70%	around	 𝑞,� = 400GeV
• 𝜎}}→{// = 0.343	fb at	 𝑠� = 500GeV, 𝑃 𝑒", 𝑒# = (0.3, −0.8)
• To	5𝜎/3𝜎 discover/exclude,	
∫ 𝑑𝑡	𝐿 = 710/260fb#O	at	 𝑠� = 500GeV.



Backup
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Higgs	triple	at	high	energy	region	
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singlet	pair	creation
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Luminosity	estimate	1/2	
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Based	on	analysis	of	𝑒"𝑒# → 𝑍ℎℎ in	LC-REP-2013-003
• 𝑍 → 𝑙𝑙 𝑒𝑒, 𝜇𝜇 , 𝑞𝑞 𝑏𝑏�, 𝑞𝑞� , 𝜈𝜈
• Both	higgs decays	ℎ → 𝑏𝑏�
• 𝑚/ = 120GeV (Br	changes)

Assumptions
• Dispersion→ 𝑁\��/ 𝑁��

�

• Brs(w/o	ℎ → 	𝑏𝑏�)	and	detector	efficiencies	are	same.



Luminosity	estimate	2/2	
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In	simulation,	 𝑁\��, 𝑁�� = 49.1,139.5 at	2ab#O

𝑁\���?�, 𝑁�� = 70.0,139.5 	at	2ab#O 𝑁\���?� =
0.5809
0.6536

, 0.343
0.19 𝑁\��

𝑁\���?�

𝑁��
� ≃

70
139.5O/,

× ∫ 𝑑𝑡𝐿����
O
, > 5

∫ 𝑑𝑡𝐿���� =
5,139.5
70, ≃ 0.712ab#O

0.19fb:cross	section	at	the	paper
Br	from	CERN	Yellow	Rep



墓場

21



旧Luminosity	estimate	1/2	
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Based	on	analysis	of	𝑒"𝑒# → 𝑍ℎℎ in	LC-REP-2013-003
• 𝑍 → 𝑙𝑙 𝑒𝑒, 𝜇𝜇 , 𝑞𝑞 𝑏𝑏�, 𝑞𝑞� , 𝜈𝜈
• Both	higgs decays	ℎ → 𝑏𝑏�
• 𝑚/ = 120GeV (Br	changes)

Assumptions
• Dispersion	→ 1/ 𝑁� ��¡

�

• Brs(w/o	ℎ → 	𝑏𝑏�)	and	detector	efficiencies	are	same.



旧Luminosity	estimate	2/2

23

¢£
£
= 0.27 ≃ ¤

¥¦§¨
� → 𝑁?�© = 5,/0.27, ≃ 343

→ 𝑁-}}ª= 5,/ 8.1C1
8.,11

− 1
,
≃ 112

In	the	simulation,	
ILC	can	see	¢£

£
= 0.27 at	5d,500GeV,2ab^-1	

𝑁«¬? = 𝜎­®¯°�\\×∫ 𝑑𝑡	𝐿	×𝐵𝑟×𝑒𝑓𝑓

𝑁?�© = 0.19fb×2E3fb#O	×0.6536,×𝐵𝑟(w/o	ℎ → 𝑏𝑏)×𝑒𝑓𝑓
𝑁-}}ª = 0.343fb×∫ 𝑑𝑡𝐿-}}ª					×0.5809,×𝐵𝑟(w/o	ℎ → 𝑏𝑏)×𝑒𝑓𝑓

0.19fb:cross	section	at	the	paper
Br	from	CERN	Yellow	Rep

∫ 𝑑𝑡𝐿-}}ª = 2×101fb#O
0.6536
0.5809

, 0.19
0.343

112
343 ≃ 458fb#O
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•Higgs	triple	coupling	
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