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Higgs →WW* production 
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This	talk	will	concentrate	on	the	ggF,	VBF	and	VH	produc9on	modes,	followed	
by	the	decays	H→WW*	

Gluon-fusion:	ggF

48.5	pb

~	87%					

Vector	boson	fusion:	VBF

3.78	pb

Associated	produc9on	VH

2.3	pb

									5%		
(3%WH,	2%	ZH)

ggF	is	the	dominant	produc9on	process	
VBF	and	VH	produc9on	modes,	are	cleaner:	

- VBF	is	characterized	by	2	jets	
									with	large	𝛥ηjj	and	mjj	

- VH	by	addi9onal	leptons,	jets	or	larger		
MET

~7%



Higgs →WW* decay 

BR(%)
bb 57
WW 22
ττ 6.2
ZZ 2.8
𝛾𝛾 0.23
Z𝛾 0.15

The	H->WW*→lvlv	decay	accounts	for	1.5%	of	the	overall	
final	states	

- is	more	abundant	than	the	h→ZZ→4l	or	h→𝛾𝛾	

- is	cleaner	than	h→bb	which	is	affected	by	large	
backgrounds

Characterized	by		
- the	presence	of	2	leptons	with	small	opening	angle	
- requiring	different	flavor	leptons	helps	reducing	further	the	backgrounds	
- the	presence	of	2	neutrinos	that	prevent	a	full	reconstruc9on	of	the	Higgs		

mass,	contrary	to	the	ZZ	and	𝛾𝛾 final	states
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ggF and VBF analysis
Selec9on	close	to	the	run	I	analysis.	The	ggf	run	I	analysis		
gave	most	precise		signal	strength	among	all	Higgs	channels.		

Analysis	at	13	TeV	on	36.1	_-1	(2015+2016):		
1	e	+1	μ	opposite	sign	(pT>22/15	GeV	)	
MET	

ggF	selec9on:	0,	1	jet	required	(pTj>30	GeV)	
VBF	selec9on	at	least	2	jets	(pTj>30	GeV)	
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Main 
Backgrounds 

Rejection

ggF VBF

0j 1j

tt
b-jet veto

(PTj>20 GeV)
b-jet veto

(PTj>20 GeV)
b-jet veto
CJV+OLV

WW low mll, Δ𝞅ll low mll, Δ𝞅ll CJV+OLV

Z/𝛾* (DY) low Δ𝞅ll
m𝝉𝝉<mZ-25 

GeV
m𝝉𝝉<mZ-25 

GeV

The	VBF	analysis	addi9onally	uses	
BDT	to	disentangle	signal	and	bkgs

3	Signal	Regions	further	split	by	
leading	lepton	flavor,	mll,	and		
subleading	lepton	pT	

Central	Jet	Veto	(CJV)		
leptons	inside	rapidity	gap	of	jets:	Outside	Lep.	Veto	(OLV)4

https://www.sciencedirect.com/science/article/pii/S0370269318309936


ggF		
WW	

Top	

f+Wt	 Z/γ*	

The	normaliza9on	of	the	main	backgrounds	is	constrained	via	Control	Regions:	
f+Wt,	WW	and	Z/γ*	:	Good	Data	and	MC	agreement.

ggF and VBF backgrounds

W+jets	and	mul9	jet	events	(fake	lepton	bkgs)	are	es9mated	from	data,	selec9ng	
events	with	1	lepton	passing	ID	and	the	second	failing	it,	but	passing	a	looser	ID.	
Extrapola9ng	the	yield	to	the	SR	with	two	fully	iden9fied	leptons5

post-fit



ggF and VBF signal Post-fit

ggF	signal		
region

VBF	BDT	score	in	SR

ggF and VBF cross sections are obtained by a simultanious ︎t to control and signal regions (maximising a likelihood function)  

Simultaneous	fit	of		the	SRs	&		CRs:		
- MTH	for	ggF		
- BDT	output	for	VBF.	
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Uncertainties

ggF	is	systema9cs	dominated:	30%	befer	than	in	run	I	

Main	experimental	systema9cs:	b-tag	and	jet	energy	scale,	misiden9fied	leptons.	

Main	theore9cal	uncertain9es:	
			1)	ggF:	uncertainty	on	gg→WW	and	qq→WW	bkg	ra9o	(gg→WW	x-sec9on	limited	NLO	accuracy)	
			2)	VBF:	matching	and	UEPS	&	modeling	of	qq→WW	and	QCD	scale	uncertainty	of	ggF	contamina9on
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Results

Significances:	
6.3	(5.2)	σ	for	ggF		
1.9	(2.7)	σ	for	VBF	

Predic'ons

10.4 ± 0.6 pb

0.81 ± 0.02 pb

Measurements

SM	expecta9ons	agree	within	1	σ	
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arXiv:1903.10052	Submifed	to	Phys.	Lef.	B	

Main	bkgs:	ZZ*(	normalisa9on	from	CR	for	2SFOS	SR),		
fZ	suppressed	with	b-tag	veto	and	jet	mul9plicity	
Data	Driven	method	for	Z+jets/Z𝛾	

1-SFOS										2-SFOS	categories	
	≤2	jets															≤1	jets	
0	b-jet															0	b-jet	

-

Analysis	at	13	TeV	on	36.1	_-1	(2015+2016)	

WH	main	selec'on	cuts,	2	categories:	
- 3	leptons	(e/μ)	total	charge±1	(pT>15	GeV):	2	categories	

depending	on	the	number	of	Same	Flavor	Opposite	Sign	
(SFOS)	lepton	pairs.	

						

- BDT	against	main	bkgs:	diboson	&	top	quark	(fV	or	f)		
- CR	for	WZ/W𝛾*	norm	and	top	CR	for	misiden9fied	leptons		
- Data	Driven	method	for	Z+jets/Z𝛾																			

Z	dominated												Z	depleted	
SFOS	≥ 1																				SFOS	=	0 
   ≤ 1	jets																									-	

0	b-jets																	0	b-jets	

- -

VH (H→WW*)

ZH	main	selec'on	cuts:	
- 4	leptons	(e/μ)	total	charge	0 	(pT>10	GeV)	
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https://arxiv.org/abs/1903.10052


Control regions and event yields
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yields in SR



Signal regions

Significances	

Observed Expected

WH 2.6 1.3

ZH 2.8 1.2

Combined 4.1 1.9
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BDT-score BDTWZ_BDTtt-score



x-section (pb)
WH
ZH

Signal strength and cross-sections 

signal strength combined
WH
ZH

Main	Theore9cal	syst	
• WZ+top-quark	bkgs	→ WH	
• ZH	signal	→ ZH	

Main	Exp	syst:	
•misiden9fied	leptons	

Sta's'cally	dominated!
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Conclusions
Let	me	conclude	showing	you	one	of	these	beau9ful	events	the	study	of	which		
has	s9ll	a	lot	to	tell,	in	par9cular	in	terms	of	Higgs	proper9es	Effec9ve	Field	
theories	and	to	search	devia9ons	from	the	SM,	as	we	are	now	entering	an	exci9ng	
precision	era,	during	which	we	have	a	unique	possibility	to	unravel	NewPhysics
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back-up



ggF+VBF SR selection



ggF+VBF CR selection



ggF+VBF MC samples

• ggF	signal:	generated	at	NNLO	in	QCD	with	Powheg-box	v2	NNLOPS.		
The	transverse	momentum	spectrum	was	found	to	be	compa9ble	with		
the	resumed	NNLO+NNLL	HRes2.3	calcula9on.	
- ggF	x-sec9on	calcula9on	is	done	at	N3LO	QCD	and	NLO	EW	

• VBF	simulated	at	NLO	in	QCD	with	Powheg-box	v2.	
- VBF	the	QCD	&EW	NLO		cross-sec9ons	are	corrected	with	approximate								

																	NNLO	QCD	correc9ons.	



W+jet + multi-jet fakes
Es9mated	from	data,	selec9ng	events	with	one	

lepton	passing	Iden9fica9on		(ID)	and	the	
second	failing	it,	but	passing	a	looser	
iden9fica9on	(	an9-ID).	

The	number	of	events	in	the	signal	region	is	
obtained	by	using	extrapola9on	factors	binned	
in	pT	and	eta.		

The	extrapola9on	factor	model	the	ra9o	between	
ID	leptons	and	an9-ID	leptons.	

The	extrapola9on	factors	are	obtained	from	Z+jet.	

A	sample	composi9on	correc9on	factor	is	also	
added,	which	is	obtained	from	the	MC	ra9o	
among	W+jets	and	Z+jets.	

For	the	VBF	the	mul9-jet	background	is	also	
evaluated	(	negligible	for	other	regions)	



ggF & VBF systematics impact



VH selection

• Z	veto	is	used	in	the	Z	dominated	WH	region	
• b-tag	efficiency	point	85%,	33	rejec9on	factor	light	jets,	3	for	c	
• l0,l1	are	origina9ng	from	Higgs	decay	
• in	the	ZH	1SFOS	leptons	the	ZZ*	bkg	contributes	through	Z->tautau,	therefore	

a	cut	on	mtautau<50	is	set	
• a	cut	on	m4l>140	GeV	is	used	to	make	selec9on	orthogonal	to	H->ZZ	



VH CRs

• The	contribu9ons	from	Z+jets/Zgamma	are	es9mated	both	for	WH	and	ZH	
with	a	data	driven	technique:	1	lepton	fails	ID	(	looser	ID)	and	the	other	
passes.	Extrapola9on	factors	are	used	to	extrapolate	to	SR,	which	are	
obtained	from	the	data	in	a	Z+jet	enriched	phase	space	



VH samples



VH CR definitions



VH systematics

• The	fbar	scale	uncertainty	is	domina9ng	in	the	WH	theory	systema9cs:	
				Scale	and	Radia9on	varia9ons	using	1		Powheg	+	Pythia	8	generated	with	
				variable	shower	radia9on	(A14	var3c	eigentune),	modified	factoriza9on	and	
				renormaliza9on	scale	(x2	and	x0.5)	and	the	NLO	radia9on	(hdamp	=	
				1.5mtop	and	3mtop)	  

• the	WZ	modeling	in	WH	theory	systema9cs:	sherpa	versus	powheg	box	v2	


