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List of contributions to the analysis     
Ø Main	analyzer	in	1-lepton	channel	:

l Developing	and	maintaining	the	analysis	code.

l Multijet background	estimation	in	1-lepton	channel.

l Multivariate	analysis:	multivariate	discriminant construction,	training,	
optimization	and	evaluating.

l Various	optimization	for 1-lepton	channel	analysis:	events	selection	optimization	,	
adding	new	analysis	regions,	etc.

l Producing	the	1-lepton	channel	inputs	for	the	statistical	analysis.

Ø 1-lepton	channel	fit	and	combined	fit	(0+1+2-lepton	channel)	studies.

Ø Supporting	note	co-editor.	 Ø Gave	the	approval	talks	in	Higgs	working	group	
for	both	the	evidence and	observation papers.	
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Outline     

Ø The	Standard	Model	(SM)	and	ATLAS	detector					

Ø 1-lepton	channel	WH	analysis

ØAnalysis	results	and	combination

Ø Conclusion	and	outlook

Ø Systematic	uncertainties	and	statistical	analysis



The	Standard	Model	and	ATLAS	detector					
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The Standard Model     

Ø The	SM	is	the	most	thoroughly	tested	theory	of	particle	physics	that	has	had	a	
great	success	to	explain	experimental	results of	particle	physics.

Ø In	the	SM,	the	Higgs	mechanism	provides	masses	to	bosons	and	fermions

Higgs	boson	was	
discovered	in	2012	with	a	
mass	~125	GeV.
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Higgs boson phenomenology at hadron colliders     

Ø The	dominant	decay	(BR~58%)	of	the	SM	Higgs	
boson	is	to	pairs	of	b-quarks.

l Measurement	of	the	Yukawa	coupling	to	down	
type	quarks.

l Constrain	the	Higgs	boson	decay	width.

Ø VH	production	mode	is	the	most	sensitive	
channel	to	detect	H	→	bb	decays.

l The	leptonic decay	of	the	vector	boson	allows	for	
efficient	triggering and	significant	reduction	of	the	
multi-jet	(MJ)	backgrounds.

3%	of	the	total



8

The LHC collider     
Ø The	largest	and	highest-energy	particle	collider	in	the	world.

Ø Housed	in	a	circular	tunnel	with	27	km	in	circumference	and	45-175	m	in	
depth	underground.

Ø Four	main	experiments:	ATLAS,	CMS,	LHCb,	ALICE.

Ø Designed	proton-proton	collision	energy:	14	TeV (13	TeV at	Run	2).
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The ATLAS detector     

Ø World's	largest	particle	detector	with	a	diameter	of	25	m	and	length	of	44	m.

Ø General-purpose	detector,	designed	mainly	to	search	for	the	Higgs	boson	and	
new	physics.

Ø Sub-detectors:

l Inner	detector:

l EM	and	Hadronic	calorimeter

l Muon	spectrometer	

• Measure	the	energy	of	
electrons,	photons	and	hadrons

• Measure	the	trajectories	and	
momenta	of	muon

l A	new	pixel-detector	layer,	IBL,	inserted	
during	LS1,	improved	the	performance	of	
tracking,	vertexing,	b-tagging,	etc.

• Measure	the	trajectories	and	
momenta	of	charged	particles
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Object identification—b-tagging     

Ø Excellent	object	identification	performance	is	the	key	ingredients	for	Hàbb,	
especially	for	the	b-tagging	identification.	

IP	based	(IP2D,	IP3D)

secondary	vertex	(SV1)

JetFitter

Ø Multi	Variate	Analysis	(BDT)	to	combine	
observables	into	a	single	discriminant.

Ø At	70%	b-jets	efficiency,	the	rejection	factor	of	
light	and	c-jets	are	300	and	8,	respectively.



1-lepton	channel	WH	analysis
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Event selection     
Ø 3	Sub-channels:	0-lepton,	1-lepton,	2-lepton,	based	on	the	number	of	charge	

leptons	(electron	or	muon)		from	the	W/Z	decay

0-lepton 1-lepton 2-lepton

Ø Common	selection

l Exactly	2	/	3	jets	(>=3	in	2-lepton)

l Exactly	2	b-tagged	jets	(70%	b-jet	efficiency	working	point)
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Event selection---1 lepton channel     
Ø W	boson	selection
l Single-electron	or	ETmiss trigger

l Well	identified,	isolated	electron	(>27	GeV)	or	muon	
(>25	GeV)

l Veto	additional	leptons	pT>7	GeV

l pTW >	150GeV 
Ø Higgs	boson	candidate	selection
l 2	b-tagged	jets,	pT >	45	(20)	GeV

l 1	additional	jet	max	(reducing	ttbar)	

Ø Multijet Background	rejection	
l ETmiss >	30	GeV	in	electron	channel

l Data	driven	estimation	

Ø W+HF	control	region
l mbb <	75	GeV	and	mtop >	225	GeV

l Purity	>75%
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Main backgrounds after event selection      

Ø Non-resonant	backgrounds	from	W+jets,	ttbar and	single-top.

Ø Resonant	WZ,	Z	→	bb	background,	used	to	validate	the	analysis	procedure.

Ø Small	residual	multi-jet	background	component.

2jet,	2	b-tags

3jet,	2	b-tags

ttbar purity	>	75%	
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Multivariate analysis (MVA)     
Ø MVA	setup

l Use	Boosted	Decision	Tree	(BDT)	technique.

l Input	variables	and	training	parameters	tuned	to	
yield	best	sensitivity,	various	checks	performed	to	
make	sure	the	training	works	well.

Only	in	3-jets	events

Over	training	check
Correlation	check
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Multivariate analysis (MVA)     

l Kinematic	variables,	some	specific	to	
3-jet	regions.

Ø Inputs	variables

l mbb,	△Rbb,	pTV most	important	ones.	

pTV

△Rbb

mbb



1	lepton	channel	Multijet estimation
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Ø Multi-jet	backgrounds	produced	with	very	large	cross-sections.	

l Despite	not	providing	genuine	leptonic signatures,	still	have	the	potential	to	contribute	
a	non-negligible	background	component.

l Difficult to	model	this	background	using	MC	simulation,	data	driven	approac is	
needed to	estimate	this	background.

Overview     

Ø The	contributions	to	this	background	come	from	:

l Real	muons	or	electrons	from	heavy-flavour hadrons	that	undergo	semileptonic decays.

l Photons	conversion	(electron	channel).	



19

Lepton isolation requirements optimization    
l The	default	lepton	isolation	requirements	used	in	the	previous	analysis	were	not	

optimal,	tested	all	the	different	isolation	cuts	(ptconeXX,	ptvarconeXX,	
topoetconeXX,	with	XX=20,30)	with	signal	and	multijet MC	samples.	

l New	isolation	WPs	proposed:	

• Electron	channel:	LooseTrackOnly +	ETCone20<3.5	GeV

• Muon	channel:	LooseTrackOnly +	pTCone20<1.25	GeV

l The	optimized	results	are	also	tested	and	confirmed	by	the	data-driven	method.

ETCone20 distribution	in	electron	channel

ETCone20 distribution	scan	



MJ estimation – The whole picture     

Ø MJ	shape	estimated	by inverting	the	isolation	requirements	in	1	tag	region	.

Ø MJ	normalization	extracted	by	fitting	to	mT
W in	2-tag	signal	region	.

l The	variable	mT
W is	chosen	as	it	offers	the	clearest	discrimination	between	the	

multi-jet	and	EW	processes.

l The	template	for	the	EW	contribution	in	the	signal	region	is	obtained	directly
from	MC	predictions.
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MJ	=	data	- EWK

Ø The	estimation	performed	separately	in	the	electron	and	muon	sub-channels,	
and	in	the	2- and	3-jet	categories.



MJ estimation – Template fit     

Ø Simultaneous	fit	of	W+jet and	top	normalizations	in	the	el	and	mu	channel,	
with	separate	MJ	normalizations.

l The	mT
W distributions	of	the	W	+	jet	and	top	quark	backgrounds	are	sufficiently	different

that	a	common	normalization	factor	induces	a	bias	in	the	multi-jet	estimate.

Ø In	order	to	improve	their	relative	separation,	only	overall	yield	used	for	the	W	+	HF	
control	region	(one	bin).
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l Bins	1-21	correspond	to	the	e	only	channel,	
bins	22	to	42	correspond	to	the	µ	only	
channel,	and	bins	21	and	42	represent	the	
W	+	HF	control	region.

W+HF	CR
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MJ estimation – Template fit     

Ø Good	data/MC	agreement	observed	not	only	for	the	variable	used	for	the	template	
fit	(mT

W),	but	also	the	other	variables.	



MJ estimation – Systematics uncertainties      

l Change	the	mTW distributions	used	in	the	multi-jet	template	fitsà impact	the	extracted	
multi-jet	normalizations.

l Use	the	alternative	variables	instead	of	mT
W as	the	template	fit	variable.	

l Include	the	ETmiss <	30	GeV	region	for	electron	channel.	

l Change	the	multi-jet	BDT	distributions	used	in	the	global	likelihood	fit	directly	à
impact	the	multi-jet	shape.

Ø In	generally	the	systematic	uncertainties	can	have	an	impact	on	the	multi-
jet	estimates	in	two	ways	:

Ø Several	sources	of	uncertainty	are	considered	as	listed	below	:

l Use	a	tighter	single-electron	trigger	to	probe	a	potential	trigger	bias	in	the	isolation	
requirements.

l Use	a	tighter	isolation	requirements	to	derive	the	MJ	template.

l Vary	the	normalization	of	the	contamination	from	the	top	and	V	+	jets	processes	in	the	
multi-jet	control	region.

23
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MJ estimation – Final results      

Ø The	multi-jet	contribution	in	the	2-jet	region	
is	found	to	be	1.91%	(2.76%)	of	the	total	
background	contribution	in	the	electron	
(muon)	sub-channel,	while	in	the	3-jet	region	
it	is	found	to	be	0.15%	(0.43%),	with	
normalization	uncertainties from	0.15%	to	
2.07%

Ø MJ	impact	on	the	mu is	very	small



Ø W(tau_had nu)H	investigation							

Ø Hadronic	decay	tau	veto	in	1	lepton	channel								

Ø ttbar reduction	cut	study									

Ø 1-lepton	channel	trigger	studies	

Ø Dijet-mass	analysis	optimization		

(In	back	up)

Ø Using 1L	medium	pTV (75	GeV	<	pTV <	150	GeV)	region						

Ø Using	1L	extended	ttbar MC	sample						

1-lepton channel optimization      

l <	4%	signal	events	increase,	not	adopted

l Test	the	single	muon	trigger	in	muon	sub-channel,	~3%	signal	events	
increase,	not	adopted	

l Optimize	the	selection	and	categorization,	Exp.	Significance	increased	by	~5%	

l New	cut	proposed,	9%	Stat.	only	significance	increase	in	3-jet	region,	overall	~2%	
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Hadronic decay tau veto in 1 lepton channel        

Ø ~20%	ttbar events	removed	in	2jet	region,	without	signal	loss.

Ø The	removed	ttbar events	are	
mainly	have	low	BDT	value.

Ø The	improvement	of	analysis	sensitivity	
is	therefore	modest.	

ttbar events	W/O	tau	veto

ttbar events	W	tau	veto

Ø Considering	only	electron	or	muon,	
no	tau	veto	applied	by	default.



27

Hadronic decay tau veto in 1 lepton channel        

l bbàboth the	b-tagged	jets	in	the	ttbar
event	match	the	truth	b-hadrons.

l bcàone b-tagged	jet	matches	a	truth	b-
hadron	while	another	one	matches	a	truth	
c-hadron.

ttbar events	with	high	BDT	value	(>0.4)

l bc events	dominate	in	the	high	BDT	region,	
the	tau	had	veto	could	only	remove	~2%	such	
events.
Add	to	the	baseline	for	the	next	iteration	of	
the	analysis	à work	in	progress

Ø ~20%	ttbar events	removed	in	2jet	region,	without	signal	loss.

Ø Considering	only	electron	or	muon,	
no	tau	veto	applied	by	default.
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Adding 1L medium pTV region in the fit      
Ø The	default	1L	channel	analysis	consider	only	high	pTV region	(>150GeV),	the	

medium	pTV region	(75-150GeV)	could:		
l provide	additional	constraints on	the	largest	backgrounds	(V	+jets	and	ttbar)	in	the	

global	fit.
l Recover	quite	a	lot	signal	events	(	increase	~150%),	and	therefore	improve	the	

analysis	sensitivity.
Ø The	main	challenge	to	use	the	medium	pTV region	is	the	much	larger	multijet

background	contribution than	those	in	high	pTV region	(>150	GeV)

l Seem	template	fit	method	used	to	
estimate	the	MJ	in	medium	pTV region

l Additional	mTW>20GeV	cut	adopted
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Adding 1L medium pTV region in the fit      
Ø The	1-lepton	only	conditional	likelihood	fit	to	data	with	 μ=	1	is	performed	with	

medium	pTV region

l Modelling	uncertainties	in	the	medium	pTV region	
inherited	from	those	in	high	pTV region,	with	
dedicated	studies	for	the	correlation	scheme

1L	high	pTV region	only	fit

1L	high+medium pTV region	fit

l 8.2%	(5.5%)	sensitivity	increase
in	1L	(combined	global)	fit

Add	to	the	baseline	for	the	next	iteration	
of	the	analysis	à work	in	progress
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Using 1L extended ttbar MC sample      
Ø Default	sample:	at	least	one	of	the	W	bosons	decays	leponically (non-all-had)

Ø New	extended	sample	produced	with	
different	generator	level	filters

Default

Merged

MC	stat.	uncert.	reduced	by	~40%

1L	fit	with	default	sample

1L	fit	with	merged	sample

l The	expected	significance	increased	by	
4.7% in	1L	fit

Already	the	baseline	for	the	next	
iteration	of	the	analysis

BDT	distribution

Ratio	of	bin	error



Systematic	uncertainties	and	statistical	analysis



Experimental Systematic Uncertainties      

Ø Follow	closely	the	combined	performance	
(CP)	group	recommendations.
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Ø The	dominant	experimental	uncertainties	originate	from	the	b-tagging	correction	
factors,	the	jet	energy	scale	corrections	and	the	modelling	of	the	jet	energy	
resolution.

Electron

Muon

MET

B-tagging

Jet
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Background modelling---general picture      
Ø Use	state-of-the-art	MC	generators	(except	MJ	which	

is	modelled	in	1-lepton	using	a	data-driven	method).

0-lepton 1-lepton

2-lepton

W+HF	CR

Top	eμ CR

Ø Constrain	(shape	and	normalization)	from	data by	
using	high	purity	control	regions

Ø Parametrize	extrapolation	uncertainties
across	regions	as	uncertainties	on	ratios	
of	yields.

Ø Shape	uncertainties	on	BDTs.

Ø Main	background	normalizations	
floating in	the	fit.
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Background modelling---ttbar

Ø The	acceptance	and	shape	uncertainties	are	derived	
from	comparing	the	nominal	sample	
(Powheg+Pythia8) to	the	alternative	samples

Ø Shape	uncertainties	are	derived	only	for	
the	mbb and	pTV distributions

l highest	ranked	variables	in	the	BDT	training.	

l have	only	very	weak	correlation.



35

Signal modelling      

Ø Standard	prescriptions	for	systematic	uncertainties:	from	theory	calculations	
and	from	comparisons	of	Monte	Carlo	modelling	variations,	or	variations	of	
parameters

Ø Separate	systematic	uncertainties	on	production	from	acceptance	effects
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Fit model     
Ø Perform	a	binned	maximum	likelihood	fit simultaneously	in	different	

categories	to	extract	signal	significance	/	signal	strength	(μ).

nuisance	parameters	(NP):	sources	of	systematic	uncertainty	
could	have	effect	on	the	signal	strength	measurement

l 8	Signal	Regions	(SR).

l 2	W+HF	(heavy	flavor)	control	regions	(CRs)	in	1-lepton	channel	(Purity:~75%). 

l 4	Top	eμ CRs	in	2-lepton (Purity:	~99%)



Results
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Pre-unblinding validation: Diboson MVA analysis      

l Re-train	the	BDTs	to	look	for	VZ	instead	of	VH

l Robust	validation	of	background	model	and	associated	
uncertainties

Ø Same	analysis	strategy	as	the	VH	MVA	analysis	

Ø The	whole	analysis	procedure	validated

Ø Signal	strength	compatible	with	the	SM	prediction	

Significance	>>	5	σ
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VH MVA analysis results      
Ø Significance	of	VH(bb)	signal	at	4.9 σ (4.3 σ exp.)

l Signal	strength	compatible	with	the	SM	prediction	

Ø Individual	production	modes	significances

l 2.5 σ (2.3 σ exp.)	for	WH

l 4.0 σ (3.5 σ exp.)	for	ZH
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VH MVA analysis results      

Ø Measurement	dominated	by	systematics	(signal	and	background	modelling,	MC	
statistics,	b-tagging).
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Post-fit plots VH MVA      
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Cross check: Di-jet mass analysis (DMA)      
Ø Important	cross-check to	test	robustness	of	result

l Additional	pTV Split	at	200	GeV

l Additional	cuts	on	△Rbb (pTV dependent),	mT
W (1	lepton),	ETmiss significance	(2	lepton)

l Fit	mbb instead	of	BDT	output

Ø Significance	of	VH(bb)	signal	at	3.6 σ (3.5 σ exp.)

Ø Consistent	with	MVA	result	in	all	channels



43

Post-fit plots VH di-jet mass analysis      
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Combination of Hàbb searches

Ø Combine	Run	1	and	Run	2	analyses	in	
VH,	VBF	and	ttH production	modes

Ø Observation	of	Hàbb decays	at	5.4 σ (5.5 σ exp.)

Ø Main	contributions	from	VH	channels	
(contributions	of	VBF	and	ttH channels	1.5σ
and	1.9 σ)

Ø Compatibility	of	the	6	measurements	54%

l Results	assume	SM	Higgs	boson	
production	cross-section

l Only	Hàbb branching	ratio	is	
correlated	across	the	six	analyses
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Combination of VH searches
Ø Combine	Run	2	analyses	in	bb, γγ and	4l	decays

Ø Observation	of	VH	production	at	5.3 σ (4.8 σ exp.)

Ø Main	contributions	from	bb	channels	(contributions	
of	4l	and	γγ channels	1.1σ and	1.9 σ)

Ø Compatibility	of	the	3	measurements	96%

l Updated	analyses	with	2015-2017	Run	2	data	in	all	channels

l Results	assume	SM	Higgs	boson	branching	fractions



Conclusions        
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Ø VH(bb)	analysis	carried	out	on	full	2015-17	dataset
l With	Run	2	79.8	fb-1 dataset,	found	strong	

evidence for	VH(bb)	with	a	significance	of	4.9 σ
(4.3 σ exp.)	and	a	mu	value	of	1.16	+/-0.26

Ø With	full	Hbb combination,		5.4	(5.5)	σ observed	(	
exp.)	for	Hàbb with	mu	value	of		1.01	+/- 0.20			

Ø With	Run	2	VH	combination,		5.3	(4.8)	σ
observed	(	exp.)	for	VH	with	mu	value	of		1.13	
+/- 0.24			

These	results	provide	an	observation	of	the	H	→	bb	decay	mode,	and	also	
of	the	Higgs	boson	being	produced	in	association	with	a	vector	boson.
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Outlook        
Ø Couplings	of	the	Higgs	boson	beyond	those	

predicted	by	the	SM	are	far	from	ruled	out.

Ø More	data,	more	precision	measurements!

l ~60	fb-1 data	from	2018	data	taking,	another	150	fb-1
data	expected	in	Run	3	data	taking.

Ø Work	more	closely	with	CP	group	to	reduce	the	
experimental	uncertainties.	

l The	Higgs	pT spectrum	is	highly	sensitive	to	new	physics	
with	the	sensitivity	increasing	with	higher	Higgs	pT.

l Boosted	analysis	techniques,	simplified	template	cross	
section	measurement.	

Ø More	dedicated	filters	at	generator	level.	

Ø New	techniques	for	modelling	uncertainties,	more	
dedicated	control	regions/	data-driven	methods.
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Thanks	for	your	attention



Back	up
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Higgs boson phenomenology at hadron colliders     
Ø 4	main	production	at	the	LHC,	total	cross	section	56	pb at	13	TeV

Gluon	fusion	(ggF)	
88%	of	the	total

Vector	boson	fusion	(VBF)
7%	of	the	total

ttH
1%	of	the	total

Ø Coupling	to	gg	and	gamma	gamma	through	loops

Ø The	more	Higgs	boson	decays	we	see,	the	less	
“space”	remains	available	for		
“undetected/invisible”	decays
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Hàbb searches at the LHC
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Previous results for VH, Hàbb

Ø With	mH ~	125	GeV
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Other results for Hàbb
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LHC performance     

Ø Excellent	operation	of	the	ATLAS	detector

Ø High	rates	and	large	pile-up:	Challenges	for	triggers,	jets	reconstruction,	b-tagging...

Ø Stunning	performance	of	the	LHC:	lumi up	to	2	*1034	cm-2	s-1
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The ATLAS detector---ID and IBL     

Ø IBL

l Smaller	pixel	size	(50x250	vs	50x400	μm)

l Closer	to	interaction	region	(R~3.3cm)

l H	→	bb	primary	physics	motivation	for	
the	new	detector!

l Improvement	of	10%	for	the	b-tagging	
algorithm	performance	in	Run	2
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Object identification—b-tagging     

Ø Well	modelled	in	simulation

Ø Good	performance	even	at	high	pile-up
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Object identification—b-tagging and JVT     

Ø New	track-based	pile	up	jets	suppression	variables	are	developed	in	such	a	way	
that	the	resulting	hard-scatter	jet	efficiency	is	stable	as	a	function	of	<μ>.

Ø The	impact	of	JVT	on	the	b-tagging	
output	studied,	in	order	to	identify	and	
study	any	JVT/b-tagging	inefficiencies.

2D	likelihood JVT



58

MET trigger     

Ø Efficiency	~	80%	w.r.t.	offline	
selection	at	MET	>	150	GeV,	>	95%	
at	200	GeV

Ø The	MET	trigger	can	also	be	used	to	select	events	with	Wàmu nu	cays

l Muons	are	not	part	of	the	computation	of	MET	at	trigger	level

l More	efficiency	than	single	muon	trigger	at	pTW >	150	GeV

Ø Efficiency	measurement	in	Z,	W	and	
ttbar events
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Signal and Backgrounds Samples      



Signal and Backgrounds Samples      

60

Ø Signal

l Both	qqVH and	ggZH using	latest	Powheg+MiNLO +	
Pythia8	samples

Ø Background

l V	(W/Z)+jets :	Sherpa	2.2.1	with	jet	flavor	filter

l ttbar :	Powheg+Pythia8,	2-lepton	also	incorporates	di-
lepton	filtered sample.	Dedicated	MET	filter	ttbar samples	
also	used	in	0	lepton

l Multijet

Negligible	in	0	and	2	lepton	(confirmed	by	lots	of	
detailed	studies),	data-driven	in	1	lepton	channel	
(fraction:	~2-3%)	

l Single-top :	updated	to	Powheg+Pythia8	samples	since	EPS

l Dibson :	Sherpa	2.2.1	for	quark	induced	samples	(qqVV).	
After	EPS,	include	also	gluon	induced	(ggVV)	samples	with	
Sherpa	2.2.2	
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Event selections    
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Additional cuts for di-jet mass analysis    
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△Rbb

△Rbb



MJ estimation – Systematics Uncertainties---some details      
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Ø Instead	of	using	the	combination	of	
triggers, simply	the	lowest	pT trigger	
is	used	to	probe	the	potential	trigger	
bias	

Ø Trigger	Bias

Ø Tighter	isolation	requirements

l Additional	isolation	cuts	applied	to	the	inverted	isolation	region	:
topoetcone20	<	11	GeV for	electron	and	ptcone20	<	2.25	GeV for	muon

l The	additional	cuts	are	optimized	for	keeping	about	half	of	data	events	in	the	full	inverted	
regions	:	closer	to	the	signal	region,	smaller	extrapolation	uncertainty
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MJ estimation – post fit plots     

Ø Post	fit	plots	in	medium	pTV region	without	mT
W >	20	GeV	cut	applied
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MJ estimation – post fit plots     

Ø Post	fit	plots	in	medium	pTV region	without	mT
W >	20	GeV	cut	applied



MJ estimation – evidence paper results     

67

Ø The	multi-jet	contribution	in	the	2-jet	region	is	found	to	be	4.8%	(4.6%)	of	the	total	
background	contribution	in	the	electron	(muon)	sub-channel,	while	in	the	3-jet	region	it	is	
found	to	be	0.3%	(0.5%),	with	normalization	uncertainties from	0.3%	to	4.6%
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W(tau nu)H investigation       

Ø Test	if	a	channel	explicitly	selecting	hadronic	tau	decays	could	bring	
additional	sensitivity	for	this	analysis.

l For	the	tau	leptonic decays,	current	1	lepton	channel	can	cover	the	signal	events.				

l For	the	tau	hadronic	decays,	current	0	lepton	channel	has	some	sensitivity	(No	tau-veto,	
~	20%	expected	signal	events	are	W(tau	nu)	H).	

Summary	of	the	possible	triggers	can	be	used	for	the	
tau	had	selection

l Only	5.28	WH	signal	events	can	be	
recovered,	compared	to	the	default	WH	
signal	yield	(122.92),	the	gain	of	signal	
yield	is	4%

l Additional	selections	need	to	be	
considered	apart	from	the	trigger,	which	
will	reduce	the	gain	further

l Not	worth	complicating	the	analysis	



1-lepton channel trigger studies 

69

Ø summarize	the	choices/considerations	we	had	on	the	choice	of	triggers	in	
2015+2016	analysis	in	1	lepton	channel.	

l Single	electron	trigger	used	in	the	one	electron	sub-channel

l MET	trigger	used	in	the	one	muon sub-channel

u Muons are	not	part	of	the	computation	of	MET	at	trigger	level,	the	
Wàμnu signature	becomes	analogous	to	Zànunu

u Only	high	pTV region(pTV >	150GeV)	were	considered	in	2015+2016	analysis,
MET	trigger	has	very	high	efficiency	in	such	region

u Single	muon trigger	also	tested

u Test	the	signal	loss	with	the	raised	offline	lepton	pt cut due	to	the	raise	of	single	
lepton	trigger	threshold



1-lepton channel trigger studies 
Signal Sample	
Muon Channel

Yields

No	Trigger MET trigger Muon trigger MET or	Muon
Trigger

2tag2jet 33.10 32.13 25.05 32.86

Efficiency(%) 97.1 75.7 99.3

2tag3jet 37.63 35.90 27.64 37.11
Efficiency(%)	 95.4 73.5 98.6

Ø Added	all	other	requirements	except	trigger	selection.		

Ø In	No	Trigger	case	,	MET	trigger	SF	added	when	event	pass	the	MET	trigger,	inefficiency	
SF	added	when	events	fail	the	MET	trigger.

Ø In	MET	or	Muon Trigger	case	,	first	try	the	MET	trigger	,if	false	then	add	the	inefficiency	SF
and	go	through	the	muon trigger.

Ø In	High	pTV region	,	MET	trigger	efficiency	is	higher	than	muon trigger.

Ø Adding	the	muon trigger	,	we	have	a	2.2%(3.4%)	efficiency	increase	in	2tag2jet(3jet)	region,
compared	with	MET	trigger	only.		 70



Channel
CBA Vs. MVA

Exp.	significance
(Asimov)

Exp. Significance	
(data)

Obs.	Significance

1-lepton	(SR	+	CR) 1.43(1.81) 1.49(1.81) 2.02(2.30)

0,1,2-lepton	(SR	+	CR) 2.78(3.19) 2.78(3.03) 3.51(3.54)

Ø Compatible	mu	values	for	the	
individual	fit	and	combined	fits	

Ø Before	going	too	far	with	the	hybrid	cutbased-MVA	approach,	good	to	see	if	there	is	still	
space	for	optimization	with	current	cut-based	selections	(never	had	a	real	re-examination
of these	cuts	before)	

Ø Sensitivity	typically	10-15%	lower	than	MVA	in	Asimov	fit,	less	in	data

Ø Very	nice	mass	peak	in	cut	
based	analysis

Dijet-mass analysis optimization  

Ø We	may	need	to	pay	more	attention	to	CBA	when	moving	towards	measurements

71
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Ø Consider	a	new	split	at	250	GeV in	view	of	the	simplified	template	cross	section

l Split	the	pTV >200GeV	region	into	two	regions:	200_250	and	>250GeV

l Or	consider	two	regions	split	at	250GeV	:	150_250	and	>250GeV

l Also	tried	split	also	at	300GeV	:	150_250;	250_300;	300GeV_

l Avoid	pTV bin	(pTV>300GeV)	with	very	
large	statistical	fluctuation	

l 150_250GeV	pTV bin	maybe	too	large	

l Minimum	change	wrt the	default	one,	
only	add	a	additional	split	at	250GeV

Ø After	many	different	studies,	new	split	at	only	
250GeV	proposed	(150_200;	200_250;	250GeV_)

Dijet-mass analysis optimization  
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2D	plot	for	200_250	and	>250GeV	regions

Ø For	dRBB cuts	scan	and	stats.	only	significance	calculation,	different	dRBB cuts	proposed	
in	different	pTV region	:			

dRBB <	1.7	(150_200GeV);	dRBB <	1.4	(200_250GeV);	dRBB <	1.2	(250GeV_)

Dijet-mass analysis optimization  



Default	(V1) New_Set2	(V2) NewSet2_WithMediu
mpTV	Region	(V3)

pTV	Categories
(GeV)

150_200;200 150_200;200_250;
250_

V2	+	75_150

mTW cuts	(GeV) mTW<120GeV mTW<120GeV V2	+	mTW>20GeV

dRBB	cuts 1.8;1.2 1.7;1.4;1.2 V2	+	0.8	<	dRBB <	
3.0

Exp	Significance
(asimov)

1.61 1.69	(+5.0%) 1.81	(+7.1%)	
(+12.4%)

Ø Comparing	V2	(new	cuts,	new	split	in	high	pTV region)	to	V1,	the	Exp.	Significance	is
increased	~5%	

Ø Also	tried	to	add	medium	pTV region	in	the	analysis	(preliminary	study	shows	the	multijet
background	can	be	controlled	well	in	the	region	)	

Ø Comparing	V3	(medium	pTV region	added)	to	V2,	the	Exp.	Significance	is	increased	~7%	
74

Dijet-mass analysis optimization  
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Ø High	statistics	medium	pTV region	dominated	by	the	top	background, high	constraints	
will	be	propagated	to	the	high	pTV regions	
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Without	medium	pTV region	Vs.	
With	medium	pTV region

Ø Can	be	alleviated	by	decorrelations	(see	this	talk page	8)

Dijet-mass analysis optimization  



Ø Good	agreement	for	the	postfit data/MC	comparison	 76

Dijet-mass analysis optimization  



77Ø Good	agreement	for	the	postfit data/MC	comparison	

Dijet-mass analysis optimization  
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ttbar reduction cut study         

Ø HtRatio (	Ht(two	b	jets)	/	Ht(all	jets)	)	
could	be	a	discriminating	variable	for	
signal	and	ttbar events.

Ø Default	1	lepton	analysis	remove	events	which	have	more	than	3	jets in	order	
to	reduce	the	large	background	arising	from	ttbar production.

Ø Try	to	find	a	discriminating	variable	to	cut	on	
in	instead	of	removing	such	events	directly.

l Scan	the	HtRatio distribution	to	find	the	cut	value	
yields	the	best	sensitivity	(Stat.	only,	calculated	with	
mBB distribution).	

l Retrain	the	BDT	in	the	nJ>=3	region	with	the	
HtRatio cut	on	top.	

l Recalculate	the	sensitivity	with	BDT	distribution.

nJ>=3

nJ>=3
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ttbar reduction cut study         

Default	3J	events 3PJ	events	with	HtRatio cut	on	top

Ø Clear	better	signal	and	background	separation.

Ø 9%	sensitivity	improvement	can	be	
achieved	by	using	the	HtRatio cut	
in	the	3+-Jet	region.

Ø The	main	analysis	sensitivity	comes	
from	the	2Jet	region,	the	overall	
improvement	when	considering	also	the	
2Jet	region	is	only	2%ànot	adopted.	

(HtRatio >	0.75)



80

Signal acceptance    
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Background Modelling      



82

Background Modelling      
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Background Modelling      
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Background Modelling      
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Post-fit yields---signal region      
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Post-fit yields---control region      
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Significance      
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Jet energy correction      

l muon-in-jet	correction	in	all	three	channels;

l PtReco in	0- and	1-lepton	channel;

l Kinematic	fit	in	2-lepton	channel;



VH MVA analysis  :  backgrounds pulls
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VH MVA analysis  : experimental systematics       
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Ø Correlation	of	NPs	from	data	fit.	
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VH MVA analysis results      
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1-lepton only fit result      
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1-lepton only fit result      
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Evidence paper results      
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