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Introduction 

2018/5/25	 li.tong@mail.sdu.edu.cn	 3	

Higgs	productions	at	CEPC. 

ZH 

Z fusion W fusion 

ZH	process	is	the	most	dominant	Higgs	production	channel	
at	the	CEPC.	
	

As	is	predicted	in	the	Standard	Model	theory,	the	branching	
ratio	of	HàWW	is	around	22%. 



Motivation 

	

Ø  H->WW	is	an	important	channel	to	study	Higgs	couplings	with	vector	

bosons.	

Ø  Measurement	of	Br(H->WW)	is	crucial	for	the	determination	of	Higgs	

width.	

Ø  Various	final	states	of	W	boson	decay	(leptons,	missing	ET,	jets…)	can	

provide	a	great	benchmark	to	evaluate	detector	performance	for	CEPC.	
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MC	samples 
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Signal	events	of	HàWW	processes. Cross	sections	and	number	of	events	of	signal	
and	main	SM	background	processes. 



MC	samples 

•  Two	sets	of	Zàνν,	Hàinclusive	samples	for	signal	process:	

Ø CEPC_v1	(√s	=	250GeV,	B	field	=	3.5Tesla…)	

Ø CEPC_v4	(√s	=	240GeV,	B	field	=	3.0Tesla…)	

	

•  Integrated	luminosity	is	5	ab-1,	background	events	are	generated	by	Whizard1.95	

including	ISR,	detector	model	is	simulated	by	Geant4.	

•  Object	reconstruction	is	done	using	the	particle	flow	algorithm,	Arbor.	Charged	

particles	identification	is	performed	by	LICH,	ee-kT	algorithm	is	used	for	jet	

clustering,	performance	of	b-tagging	is	given	by	LCFIPlus.	
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Analysis	with	CEPC_v1	data 

•  The	missing	mass,	total	mass	and	total	pT	are	used	as	the	pre-selections.	
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Pre-selections	criteria.	

/c2) 



Event	selections 
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•  Selections	of	jet	is	done	by	2	steps:	
Ø  	Assuming	that	there	are	only	2	jets	in	each	event,	all	particles	are	forced	into	2	jets.	

Ø  	4	jets	hypothesis	are	made,	to	form	all	possible	jet-pairs	and	the	invariant	mass	are	

calculated.	The	jet-pair	with	invariant	mass	closest	to	W	mass	is	taken	as	the	on-shell	W	decay	

and	the	remaining	2	jets	are	assigned	to	the	off-shell	W	decay.	



Distributions	of	discriminant	variables 
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•  No.	of	total	particles.	
•  Sum	of	b-tagging	of	2	jets.	
•  Cos	angle	of	2	jets.	
•  Total	mass	of	2	jets.	
•  Distance	between	jet3	and	jet4. 
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Cut	flow	tables 
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•  Relative	efficiency	=	Number	of	events	after	this	cut	/	Number	of	events	before	this	cut	
•  These	results	are	consistent	when	considering	the	statistical	uncertainty.	

My	results: 

Results	from	
Note: 

Total efficiency 

Total efficiency 



Results 

Ø  NSignal	=	9037	±	225	

Ø  Signal	efficiency	=	36.31%,	ZH	background	efficiency	=	1.38%	
Ø  Accuracy	=	√(S+B)/S	=	2.49%	

2018/5/25	 li.tong@mail.sdu.edu.cn	 11	

Visible	mass	and	missing	mass	after	selections. 



Branching	ratio	measurement 
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The	formula	for	branching	ratio	measurement: 

Brrel.	represents	the	branching	fraction	given	by	PDG: 

According	to	the	results	of	13	sub-channels,	the	mean	value	of	branching	ratio	is: 

The	Bri	is	the	result	of	each	sub-channel.	Br(HàWW)	is	21.6%. 



Precision	for	the	measurement 
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The	final	result	of	precision	is	obtained	by: 

Precision	of	Ntotal	and	Brrel.	are	negligible.	The	equation	would	be: 

Define	a	variable	ϒi	as	the	precision	of	each	sub-channel,	ϒij	as	the	combined	precision	
of	two	sub-channels: 

The	overall	combination	results	of	statistical	uncertainty	for	Br(H→WW)	is	1.29%.	



Summary	of	the	results 
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Summary	of	the	HàWW	branching	ratio	measurements	with	CEPC_v1. 



Analysis	with	CEPC_v4	data 
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Missing-mass,	visible-mass,	invariant	mass	of	2	jets	from	real/virtual	W	decay.	

Zàνν,	Hàinclusive: 

Zàνν,	selected	by	HàWWàqqqq: 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary 



Distributions	of	discriminant	variables	in	CEPC_v4 
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CEPC Preliminary 

CEPC Preliminary 

CEPC Preliminary CEPC Preliminary 

CEPC Preliminary 

•  No.	of	total	particles.	
•  Sum	of	b-tagging	of	2	jets.	
•  Cos	angle	of	2	jets.	
•  Total	mass	of	2	jets.	
•  Distance	between	jet3	and	jet4. 
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Comparison	of	cut	flow	tables 
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CEPC_v1: 

CEPC_v4: 

No	obvious	discrepancies	showed	in	the	cut	flow	tables.	

Total efficiency 

Total efficiency 



Results 

Ø  NSignal	=	8516	±	92	

Ø  Signal	efficiency	=	35.97%,	ZH	background	efficiency	=	1.35%	
Ø  Accuracy	=	√(S+B)/S	=	1.25%	
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Visible	mass	and	missing	mass	after	selections. 
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Comparison	of	variables	distributions 
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Distributions	of	visible	mass	and	missing	mass	after	selections.	

Dash	line:	CEPC_v1,	solid	line:	CEPC_v4.	

Black	line:	signal,	red	line:	Higgs	background. 



Summary 

•  No	obvious	discrepancies	showed	with	two	sets	of	samples	according	to	

the	variables	distributions.	

•  No	distinct	change	of	performance	for	ZH->ννqqqq	channel	when	we	turn	

to	CEPC_v4	detector	model	from	CEPC_v1.	

•  For	the	HàWW	branching	ratio	measurement,	the	other	channels	need	to	

be	done	based	on	CEPC_v4	samples.	
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backup 
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Comparisons	between	2	samples 
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Missing-mass,	visible-mass,	invariant	mass	of	2	jets	from	real/virtual	W	decay.	
Top:	Z->νν,	H->inclusive.	Bottom:	Z->νν,	selected	by	H->WW->qqqq.	
Black	line:	CEPC_v1,	3.5T.	Red	line:	CEPC_v4,	3.0T. 



Cut	flow	table 
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Relative	efficiency	=	Number	of	events	after	this	cut/Number	of	events	before	this	cut	
These	results	are	consistent.	

Total efficiency 

Total efficiency 

My	results: 

Results	from	
Note: 


