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Outline	

•  Higgs	Sector	
– Mass	
–  Coupling	to	Bosons		
–  Coupling	to	Fermions	

•  Standard	Model	Precision	measurements	
– W	Mass		
–  Top	Mass		
–  Standard	Model	Fits		

•  Searches	
–  Exotics	
–  SUSY	
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Data	sample:	LHC	Run	I	and	Run	II	

•  Excellent	performance	of	
the	LHC	

•  ~25	fb-1	delivered	in	RUN	1	
and	~100	fb-1	in	Run	2	

	
•  The	instantaneous	
luminosity	in	RUN	2	
reached	2x1034	cm-2s-1	

(twice	the	design	value)	
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The	Higgs	Sector:	Mass	
•  Higgs	Boson	Mass	measured	with	high	

precision	by	ATLAS	and	CMS	using	the	
fully	reconstructed	final	states:	H->	γγ	
and	H->ZZ->4l	(e,µ)	

•  All	measurements	in	good	agreement	

CMS	Mass	Measurement	using	only	H->4l		
12%	more	precise	than	Run	1	ATLAS+	CMS	comb.		
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Higgs	Production	and	Branching	fraction	
•  Many	different	production	mechanisms	and	decays:	aim	to	measure	

as	many	as	possible	
•  Use	of	different	experimental	signatures	to	measure	them	
•  Some	very	clean	decays	with	low	BR	(γγ,	4l),	other	very	difficult	with	

higher	rates	(bb,	WW,	ττ,)			

At	13	TeV	
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The	Higgs	Sector:	Coupling	to	Bosons	H->γγ
•  The	Higgs	decay	in	γγ	has	a	

clean	signature	over	a	
smooth	background	

•  It	is	used	to	disentangle	the	
different	production	
mechanisms	allowing	a	
measurement	of	their	signal	
strenght	:	µ
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The	Higgs	Sector:	Coupling	to	Bosons	H->	ZZ	
•  Very	clean	signature	but	very	low	rate	
•  Measurement	of	ggH	and	VBF	

production		
•  Measurement	of	total	fiducial	cross	

section
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ggF:	6.3	σ
(exp:	5.2σ

The	Higgs	Sector:	Coupling	to	Bosons	H->	WW	

VBF-tagged	

•  Larger	usable	branching	fraction	(2l2ν)	but		much	larger	
background	

•  No	Higgs	mass	reconstruction,	rely	on	lepton	kinematics	(Mt,	
Mll,	θll)		

ATLAS	

CMS	
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The	Higgs	Sector:	Coupling	to	Fermions	H->	ττ
•  Search	for	H->ττ with		τ 

decaying	in	eµ,	µτh,	eτh	
and	τhτh	

•  Largest	background	from	
Z->ττ	and	hadronic	
multijet	events	

•  Search	in	categories	
aiming	at	ggH	and	VBF	
production	

Observation	of	
	H->	ττ

μ=	1.09	±	0.26	
	
	Significance:	4.9	σ	
(5.9	σ	for	comb.	of	
13	&	7-8	TeV)	
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First	observed	in	run	1	by	ATLAS	and	CMS		Combination	



The	Higgs	Sector:	Coupling	to	Fermions	H->	bb	

	Observed	(expected)	significance	
	 	Run	II 	Run	I+II	

ATLAS	 	3.5	(3.0)			3.6	(4.0)	
CMS		 	3.3	(2.8)			3.8	(3.8)		

Evidence	of	VH(bb)	production	

•  Largest	branching	fraction	(58.4%)	but	
huge	background	from	heavy	flavour	
production	

•  Need	to	use	exclusive	(rare)	production	
mechanism	to	gain	sensitivity:	VH		H->bb	
(V=W	or	Z)	

•  	Final	states	with	2	tagged	b	Jets	and	0,1	or	
2	leptons	

10	



11	



The	Higgs	Sector:	Coupling	to	Fermions:	ttH	
•  Very	interesting:		

–  give	direct	acces	to	the	Yukawa	coupling	
between	the	top	quark	and	the	Higgs	

•  Very	challenging:	
–  Very	small	production	cross	section	

(O(0.5)pb	@	13	TeV	
–  Many	complex	final	states	and	large	

irreducible	backgrounds	

•  Complex	analyses:	
–  Use	of	BDTs,	MVA,	Deep	Machine	Learning	

techniques	

•  Results	from	ttH->	Multilepton	final	
states	and	ttH,	(H-bb)		
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The	Higgs	Sector:	ttH->	Multileptons	
•  Target	Higgs	decays	to	WW,	ττ	and	ZZ	

–  Two	same	sign	or	>=3	charged	leptons+	additional	
requirements	on	b-jet	multiplicities	(and/or	τh	for	CMS))	
•  CMS	uses	also	1	lepton	and	2τh	

•  Irreducible	background:	ttW,	ttZ,	with	prompt	
leptons	

•  Reducible	background:	mostly	tt+γ with	mis-
reconstructed	leptons	

Evidence	for	ttH	production	in	leptonic	final	states	
CMS	:	 	3.2	σ	(2.8	σ	exp.)	
ATLAS:	 	4.1	σ	(2.8	σ	exp.)				

ATLAS	comb.		µ=1.6+0.5-0.4		 CMS	comb.		µ=1.23+0.5-0.4		
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The	Higgs	Sector:	ttH	(H->bb)	and	Combination	
•  ATLAS	and	CMS	use	channels	with	1	or	2	leptons	and	

Njet>=	4,	>=3b,	to	exploit	leptonic	t	decays	to	reduce	
huge	backgrounds	

•  CMS	also	uses	the	all	hadronic	final	state:	higher	
rates	but	even	larger	background	

Combined	signal	strength	of	all	ttH	channels		
in	agreement	with	SM	predictions		

ATLAS	Combination	Run2	µ=1.2+-0.3			Evidence	ttH	Prod.	4.2σ	(3.8σ	exp.)		
CMS	Combination				Run2	µ=1.18+0.31-0.27	Evidence	tth	Prod	4.2 σ	
CMS	Combination	Run1+Run2	µ=1.26+0.31-0.26		Obs.	of	ttH	with	5.2σ	(4.2σ	exp)	
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Higgs	production	

~11%	

~41%	

~27%	

~51%	

~26%	

~9%	

•  CMS	µ combination:		
	
•  Cross	sections	

measurements	in	
agreement	with	SM	

•  Differential	Cross	Sections	
also	in	good	agreement	
with	SM	

The	Higgs	Sector:	Putting	all	together	

Higgs	Pt		Differential	cross	section		Cross	sections	normalised	to	SM	
from	ZZ	and	γγ combination 
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Standard	Model	Precision	
Measurements	

16	



SM	and	QCD	
•  Impressive	number	of	SM	and	QCD	cross	sections	
measured	in	very	good	agreement	with		expectations	
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Similar	precision	reached	as	for	
current	best	measurement	
from	CDF		

mW	=	80.370		±	0.019	GeV	
	
																						 	±	7	MeV	statistical	
																						±	11	MeV	systematic	
																						±	14	MeV	modeling	
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Measurement	of	the	W-boson	mass	

•  Based	on	early	data	(2011)	at	 	
	√s	=	7	TeV	(4.6	fb-1)	with	low	Pile-Up		

•  Huge	amount	of	work	to	understand	
detector	response	and	the	modelling	
of		kinematic	quantities	(Mt,	Ptl	)	
(relies	on	large	Z	à	ℓℓ		sample)		

	

Muon	Pt	



Measurement	of	the	Top	Mass	
•  Large	Top	production	cross	section	
– Many	precision	measurements	on	Top	
Properties	

•  Many	differenet	methods	and	final	states	
used	to	extract	Top	Mass		
–  Direct	methods,	(Templates,	Ideograms)	
–  Indirect	method	(based	on	measured	Xsect.)		

ATLAS	Combination	mtop=172.51+-0.5	
CMS	Combination				mtop=172.44+-0.48	
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Standard	Model	
•  A	precision	measurement	of	
mtop	mW	and	mH	allows	a	
stringent	test	of	the		SM	
– Aim	at	improving	further		
the	precision	on	Mw	with	
dedicated	runs	

•  Precision	measurement	of	
sin2θw	by	Afb		consistent	
with	previous	
measurements	and	with	SM	
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BSM	Searches	
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Exotics	 22	



•  Look	for	new	resonances	using	high	Pt	
di-Jet	in	the	central	region	of	the	
detector	

•  Background	estimated	by	a	sliding	
window	fit	
–  No	significant	excess	observed	

•  Look	for	substructure	using	angular	
distribution	of	two	jets	
–  			 	 	 	 	 	 		
–  Look	for	rise	at	low	χ,		high	mjj	

	

	

Di-Jet	Resonances,	substructures	

Limits	on	masses		and	couplings	on	many	BSM	scenarios	
Quantum	Black	hole 	8.9	TeV		(8.9	TeV) 	ATLAS	
W’ 	 	 	 	 	 	3.6	TeV		(3.7	TeV)	
Excited	Quarks		 	 	6.0	TeV		(5.8	TeV)	
Contact	Inter.	(Λ) 	 	9.2-22.4	TeV 	 	CMS	
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New	Bosons	
•  Di-lepton	(ee,	µµ),	

(eν,µν)	final	states	offer	
a	very	clean	signature	to	
searches	of	new	Heavy	
Bosons	eg	Z’,	W’		

•  No	significant	excess	
observed		

•  Results	interpreted	in	
many	models	e.g.:	
– M	(Z’	SSM)	>	4.7	TeV	
– M	(Z’ψ)    >  4   TeV	

Z’	search		
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Dark	Matter	
•  Searches	in	the	Mono-

X		final	states	
–  One	well	

reconstructed	object	
with	large	Missing	
Energy	due	to	WIMP		

–  Many	models	
constrained	up	to	1-2	
TeV	

•  Searches	also	in	the	
Di-Jet	final	states	
exclude	up	to		2.7	
TeV	for	almost	
whole	DM	range	

Mono	γMono	b	 Mono	Jet	

Mono	V	 Mono	H	

Mono	Top	
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Mass Scale [GeV]
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Selected CMS SUSY Results* - SMS Interpretation Moriond '17 - ICHEP '16

 = 13TeVs
CMS Preliminary

-1L = 12.9 fb -1L = 35.9 fb

LSP m⋅+(1-x)Mother m⋅ = xIntermediatem
For decays with intermediate mass,

0 GeV unless stated otherwise  ≈ 
LSP

 Only a selection of available mass limits. Probe *up to* the quoted mass limit for  m
*Observed limits at 95% C.L. - theory uncertainties not included

SUSY	Searches	

Strong	Production	(Gluino	and	Squark)	well	tested:	Limits	in	TeV	range	
Moving	to	electroweak	production	and	non-conventional	signatures	
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Electroweek	SUSY	
•  Complex	Electroweak	

signatures	due	to:	
–  Complex	mixing	structure	
–  Low	Cross	Sections	
–  Degenerate	spectra	

(compression)		
•  Use	of	very	soft	lepton	in	

final	states		
–  Large	backgrounds	
–  Very	good	understading	of	

detector	response	
•  Use	of	unconventional		

signatures	
–  Disappearing	tracks	

slepton	

Higgsino	

Exclusion	of	Higgsino	masses	up	to	170	GeV	
Exclusion	of	slepton	masses	up	to	190	GeV	
(extending	the	LEP	limits)		
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Conclusions	
•  Already	~	100	fb-1	delivered	by	LHC	
– Only	3%	of	the	full	LHC	program	

•  Precision	measurements	in	the	Higgs	sector	start	to	
be	feasable		
– No	sign	of	tension	with	the	SM	in	the	Higgs	sector		

•  Very	high	precision	Standard	Model	measurement	
possible	also	at	LHC		(Mw,	Mtop	+…)	

•  Exotics	and	SUSY	searches	are	extending	limits	both	
towards	high	new	particles	masses	and	towards	low	
masses	in	compressed	scenarios	
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Back	Up	 29	



The	ATLAS	Detector	 30	



The	CMS	Detector	 31	



The	Higgs	Sector:	Coupling	to	Fermions	

•  muons	
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The	Higgs	Sector:	Coupling	to	Fermions	

•  C	and	light	quarks	
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