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1.  	Model	and	analysis	method	

Ø In	a	classically	scale-invariant	(CSI)	SM	with	singlet	scalars,	electroweak-symmetry	breaking	(EWSB)	is	induced	
via	Coleman-Weinberg	(CW)	-type	poten,al	and	Higgs	self-coupling	is	enhanced.		

Ø WLWL-sca%ering	can	be	a	good	probe	for	the	enhanced	coupling.		
Ø 	“ξ-expansion”	is	introduced	for	systema,c	perturba,on,	ensuring	special	order-coun,ng.	

²  EWSB	via	CW	mechanism	
²  Singlet	scalar	S	as	global-O(N)	mul,plet.	
²  Tree	effect	contributes	at	the	same	order	as	1-loop	effects.			
					–>	Special	order-coun,ng	
	
	
	
	
																																											
	
	
	
	
²  Auxiliary	expansion	parameter	ξ	for		
					systema,c	perturba,on.		
–>	The	coun,ng	is	ensured	in	each	order.	
				(e.g.)	quan,ty	A(ξ)	of	O(ξn)		
	

²  EWSB	is	induced	at	O(ξ2)		
					[=	LO	of	EWSB].		
			–>	Herea\er	analyse	up	to	O(ξ2).	
						
	
	
	
	
				
	
	
	
	
	
	
	
	
²  Couplings	among	the	scalars		
						Taylor	series	around	the	vacuum:		

2.  	Vacuum	structure	as	scalar	couplings	

v  Large	λHS,	but	s,ll	in	perturba,ve			
						regime.	
v  (Singlet	VEV)	=	0	–>	unbroken	O(N)	
v  Singlet	is	stable.	–>	dark	ma%er		
v  Substan,al	parameters:	(λH,	λHS).		

3.  	WLWL-sca%ering	

v  Higgs	self-couplings	enhance	
due	to	the	characteris,c	
poten,al	structure.		

v  The	other	couplings	are	
rela,vely	large.	

²  Goldstone-boson	self-coupling	also	enhances.		
				–>	Vector-boson	sca4ering	becomes	a	good	probe	at	high-energy		
									[Equivalence	theorem].		
²  One	of	the	main	targets	of	the	2nd	run	of	LHC.	
	
	
	
	
	
²  To	take	wider	kinema,cal	region	into	account,	apply	ξ-expansion	to		

Feynman	rules;	determine	parameters	and	check	their	consistency	
up	to	O(ξ2).	

²  In	N	=	1	case	for	WL
+WL

+-	and	WL
+WL

–-sca%erings,	we	calculate	
sca%ering	amplitudes	and	differen,al	cross	sec,ons.		

	
²  Cross	sec,ons	enhance:	at	√s	=	2	TeV,	
															WL

+WL
+	–>	deviates	87%	(25%)	at	cosθ	=	0	(0.8)		

															WL
+WL

–	–>	deviates	90%	(29%)	at	cosθ	=	0.5	(0.8)		
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	＝    																								at			E	<<	MW	

v  BSM	(singlet)	effect	appears	as	off-shell-Higgs	effect.	
						[Technically,	just	replacing	Higgs	propagator:		SM	<–>	CSI]	
v  Amplitudes’	behaviour:		ü  Equivalence	theorem		

ü  Gauge	cancella,on		

high	energy	
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ü  Consistent	with	effec,ve-
poten,al	analysis	

4.  	Conclusion	
² In	WLWL-sca%ering,	devia,on	from	SM	predic,on	is	90%	

at	cosθ	~	0	and	25%	at	forward	region.	
² By	virtue	of	ξ-expansion,	BSM	contribu,on	is	correctly	

considered;	equivalence	theorem	and	gauge	
cancella,on	are	sa,sfied.	
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v.s.																													+	

<–	perturba,ve	validity		

λS	=	0.1	(barely	dependent)	
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