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Motivation	
ØStandard	model	of	particle	physics
• Describle elementary	particles	and	interactions	except	for	gravity
• Local	gauge	symmetry	assumed	for	interaction	generation	enforces	massless	particles	contradicting	
with	W	and	Z	boson

ØUsing	Higgs	mechanism	found	in	1964
• Generate	W/Z	mass	through	spontaneous	 electroweak	symmetry	breaking
• Predict	a	scale	field	responsible	 for	boson	mass	and	would	also	for	fermion	mass	by	adding	Yukawa	
interaction

ØHiggs	boson
• Particle	corresponding	 to	excitation	of	the	scalar	field	
• Coupling	 to	boson/fermion	 proportional	 to	boson	mass	squared/fermion	mass
• Mass	MH unknown
• Key	to	verify	the	current	understanding	 of	boson/fermion	 mass	generation

ØExperimental	observation	of	the	Higgs	boson
• 4th July	2012,	CMS	experiment	together	with	ATLAS	experiment	at	LHC	announced	 the	discovery	of	
Higgs	boson-like	particle	

• ~5.0	𝜎 combined	with	data	of	5.1	fb-1 (7TeV)	+5.3	fb-1 (8TeV)
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Higgs	Production	and	Decay	at	LHC
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• In	spite	of	low	BR,		Higgs	to	4l	channel	is	one	of	the	
most	important	channel	to	measurement	properties.	
(mass,	spin-parity,	width,	fiducial cross	section)

• A	large	signal-to-background	ratio	

• Complete	reconstruction	of	final	state	decay	products

• Excellent	lepton	momentum	 reconstruction



ØSelected	electrons
- Loose	electrons

- 𝑃) > 7GeV; 𝜂 < 2.5

- 𝑑01 < 0.5	𝑐𝑚;	𝑑4 < 1	𝑐𝑚;𝑆𝐼𝑃78 < 3

- BDT	ID+Iso in	6	( 𝜂 , 𝑃))bins
• Significant	reduction	of	election	 fakes	thanks	to	the	new	BDT	

and	pixel	detector	upgrade.
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ØSelected	muons
- Loose	electrons

- 𝑃) > 5GeV; 𝜂 < 2.4

- 𝑑01 < 0.5	𝑐𝑚;	𝑑4 < 1	𝑐𝑚;𝑆𝐼𝑃78 < 3

- PF	D	and	tracker	high	𝑃) ID
- RelPFIso(∆𝑅 = 0.3)< 0.35

ØFSR	photon
- 𝑃) ,? > 2	GeV; 𝜂? < 2.4;relPFIso<1.8

- Electron	SC	veto	by	PF	reference

- Associated	𝛾 to	the	closest	 loose	lepton

- ∆𝑅 𝛾, 𝑙 < 0.5;	∆B ?,C
DE,FG

< 0.012; choose	photon	with	lowest	∆B ?,C
DE,FG

- Remove	selected	 FSRs	from	lepton	isolation	cone	for	all	loose	leptons

new

Ø JETS
- AK4	PFCHs	jets,	JEC_v6

- 𝑃) > 30	GeV; 𝜂 < 4.7;	Tight	PF	jet	ID
- Cleaned	∆𝑅 𝑗𝑒𝑡, 𝑙/𝛾 > 0.4
- Tight	PU	Jet	ID

- B-tagger:	

- new	b-tagged	algorithm:	DeepCSV medium	WP	=	0.4941

- B-tagging	SF	applied

Objects



Event	reconstruction	and	selections
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• Z	candidate	
- Any	OS-SF	pair	that	satisfy	12 < 𝑚CC(?) < 120 GeV

• Build	all	possible	ZZ	candidates defined	as	pairs	of	non-overlapping	Z	
candidate;	define	Z1 candidate	with	𝑚CC(?) closest	to	the	POG	m(Z)	mass
- 𝑚OP > 40 GeV;	𝑃)(𝑙1) > 20 GeV;	𝑃)(𝑙2) > 10 GeV
- ∆𝑅 > 0.02 between	each	of	the	four	leptons
- 𝑚CC > 4 GeV for	OS	pairs	(regardless	of	flavour)
- Reject	4𝜇 and	4e	candidates	where	the	alternative	pair	ZaZb satisfies	 𝑚OR − 𝑚O < |𝑚OP −𝑚O| and	𝑚OU < 12 GeV
- 𝑚VC > 70 GeV

• If	more	than	one	ZZ	candidate	is	left,	choose	the	one	of	highest	𝒟XYZY[\ .
• If	𝒟XYZY[\ is	the	same,	take	the	one	with	Z1 mass	closest	to	mZ.



Observables
• Two	observables	used:	m4l;	kd
• Three	different	kd discriminant	applied.
− Discriminant	sensitive	to	gg/𝑞𝑞̂ → 4𝑙 kinematics
− New dedicated	production-dependent	𝒟YZ` discriminants	used	in	VBF-2jet	tagged	and	
hadronicVH	tagged	categories

• An	improvement	in	sensitivity	of	about	10																																																																										
to	15%	was	observed.	
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Event	categorization
• Selected	events	are	classified	into	seven	exclusive	categories	to	improve	the	
sensitivity	to	the	Higgs	boson	production	mechanisms.
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Background	estimation
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• Reducible	background
- Secondary	leptons	produced	by	

heavy-flavor	jets

- Misidentified	 as	leptons	from	decay	
of	heavy-flavor	hadron,	 in-flight	
decays	of	light	mesons	within	jets,	or	
(for	electrons)	decay	of	charged	
hadrons	overlapping	with	𝜋bdecays.

(Main	prosesses of	producting these	background:	
Z+jets,	t𝑡̅+jets,	Z𝛾+jets,	WW+jets,	WZ+jets)

• Irreducible	background
- Production	 of	𝑞𝑞 annihilation	or	gluon	 fusion
- Estimated	using	simulation

• Two	dependent	methods	used	to	estimated	Z+X	background:	OS	and	SS
• Fake	rates	calculated	in	Z+l control	region
• Z+X	yields	estimated	in	2	orthogonal	regions	of	Z+ll control	region
• Final	estimate	combination	of	2	methods

CMS	HIG-18-001



Systematics	Uncertainties
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• Systematics	calculated	with	2017	MC	and	data
• Switched	to	recommended	WG1	uncertainty	scheme	for	gluon	fusion
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Signal	Strength	– Production	Models

• Perform	multidimensional	maximum	likelihood	fit	to	(m4l,KD)	templates	in	21	channels	(3×7)
• Total	PDF	is	defined	as:	
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STXS	– Stage	0

• Simplified	template	cross	section	
(stage	zero)	with	removed	𝜎ef
theoretical	uncertainties	on	overal
signal	cross	section

• Theoretical	uncertainties	which	can	
cause	migration	of	events	between	the	
various	categories	are	kept

• bbH (floated	with	𝜇ZZg)	and	tqH
(floated	with	𝜇hhg)	contributions	
considered	in	the	fit
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Combination
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Results	are	combined	based	on	the	data	of	2016	and	2017.			
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Conclusion

• Several	measurement	of	Higgs	boson	in	four-lepton	final	states	at	 𝑆=	13TeV	
have	been	presented	with	data	samples	corresponding	to	an	integrated	
luminosity	of	41.5fb-1

• Several	improvements	with	respect	to	the	published	paper.
• New	electron	BDT	identification	with	isolation
• Splitting	of	ttH category
• New	discriminants	for	VBF	and	VH	production	mechanism.

• Combination	with	2016	and	2017	data	are	performed.
• Results	are	consistent	with	the	SM	expectation.
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Backup
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Distribution	of	Z1 and	Z2
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Distribution	
of	m4l
in	seven	
event	
categories	
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Distribution	of	m4l of	2017	data
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Distribution	of	discriminant
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Category	discriminant

Kinematic	discriminant

CMS	HIG-18-001



Data
During	2017,	data	
samples	recorded	by	
CMS	detector	collected	
41.37fb-1
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LHC	and	CMS

21

PP	collision
every	25	ns
Peak	Instantaneous
Luminosity	:
1034 cm-2s-1
Number	of	brunch:
2835

five	types	of	particles	interact	with	each	
sections	of	the	detector.


