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Higgs	boson	produc2on	at	the	LHC	

•  Goal:	try	to	extract	informa2on	about	the	Higgs	boson’s	couplings	to	other	par2cles	
–  Test	the	Standard	Model	predic2on		
–  Allow	tests	against	any	non-Standard	Model	predic2on	with	anomalous	Higgs	couplings	
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Gluon	fusion	 Vector	boson	fusion	

VH	produc4on	 5H	produc4on	

?	



Measurements	of	cross	sec2ons	and	couplings	
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Fiducial	and	differen4al	cross	sec4ons	

•  Event	yields	corrected	for	detector	
inefficiency	and	resolu2on	

•  Minimal	dependence	on	theore2cal	
modelling	

	

	

	

Produc4on	cross	sec4on	and	signal	strength	

•  Exploit	topological	differences	between	
Higgs	boson	produc2on	mechanisms	

•  Precision	test	of	Higgs	boson	coupling	
strengths	

	
	

	



ATLAS	and	the	LHC	in	2015/2016	
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•  Charged	par2cle	tracking	system	
•  Electromagne2c	and	hadronic	

calorimetery	
•  Muon	spectrometer	

	
•  Higher	centre-of-mass	energy:	

–  Increased	sensi2vity	to	tails	of	
differen2al	distribu2ons	

–  Increased	sensi2vity	to	large	partonic	
centre-of-mass	(e.g	`H	produc2on)	



Extrac2on	of	Higgs	boson	signal	

•  Signal	extracted	by	fiang	the	diphoton	invariant	mass	(mγγ)	spectum	
–  Selec2on:	two	isolated	photons	with	pT,1	>	0.35	mγγ,	pT,2	>	0.25	mγγ	and	|η|<	2.37			

(excuding	1.37<|η|<1.52)		

	

–  Signal	model:	double-sided	Crystal	Ball	(parameters	from	simula2on)	
–  Background	model:	exponen2al	of	polynomial,	or	Bernstein	polynomial	
–  Dominant	systema2c:	photon	energy	resolu2on	and	background	choice	bias.		 5	



Measurement	of	fiducial	and	differen2al	cross	sec2ons	
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Fiducial	and	differen2al	cross	sec2on	methodology	
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Cross	sec2on	in	a	fiducial	region,		
or	bin	of	a	differen2al	distribu2on	

Correc2on	for	detector	resolu2on	
and	inefficiency	

Integrated	luminosity		
of	the	dataset	

Number	of	signal	events		
observed	in	the	data	

•  The	correc2on	factor	is	the	ra2o	of	events	reconstructed	at	detector-and	par2cle-levels	
–  model	dependence	minimised	by	applying	the	same	object	selec2on	at	par2cle-level		
–  main	experimental	uncertain2es	from	photon	efficiency	and	jet	energy	scale	

•  Aim:	measure	detector-corrected	event	yields	without	imposing	theory	assump2ons	



Fiducial	cross	sec2ons	



•  Good	agreement	between	data	and	theory	
–  very	slightly	harder	Higgs	pT	spectrum	in	data	as	in	Run-I	(lel)		
–  data	in	agreement	with	theory	expecta2on	for	scalar	CP-even	par2cle	(right)	
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Higgs	boson	kinema2cs	



Jet	ac2vity	

•  Good	agreement	between	data	and	theory	
–  Data	in	agreement	with	state-of-art	theory	predic2ons	



Measurement	of	produc2on	cross	sec2ons	
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Produc2on	cross	sec2on	and	signal	strength	methodology	(I)	
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b-jets	
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diphoton	
kinema2cs	

	
•  Events	are	split	into	13	orthogonal	categories	that	exploit	topological	differences	

between	produc2on	mechanisms	

Yields	

19	
72	
3	
8	
20	
66	
937	
76	
604	
3977	
85129	
1319	
31907	



Produc2on	cross	sec2on	and	signal	strength	methodology	(II)	

	
•  Produc2on	cross	sec2on	extracted	by	a	combined	fit	to	mγγ	specta	

•  Dominant	uncertainty	again	from	photon	energy	scale/resolu2on	in	fit	
•  Large	uncertainty	from	theore2cal	modelling	of	acceptances,	especially	for	gluon	fusion	

in	VBF-enriched	categories	

Produc2on	cross	sec2on	2mes		
branching	ra2o	for	given	process	

Acceptance	predicted	by	SM	for	
	given	process	in	specified	category	

Signal	yield	in	
specified	category	

Gluon	fusion	 Vector	boson	fusion	 VH	produc4on	 5H	produc4on	



Produc2on	cross	sec2on	and	signal	strength	measurements	
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Total	Higgs	produc2on	cross	sec2on	 Higgs	produc2on	cross	sec2on	(|yH|<2.5)	



Summary	

•  Higgs	boson	proper2es	measured	at	√s=13	TeV	in	the	H->γγ	decay	channel	
–  Data	in	reasonable	agreement	with	the	Standard	Model	predic2ons	

	
•  Two	different	but	complementary	approaches:	

–  Fiducial	and	differen2al	cross	sec2ons	are	the	most	model	independent	characterisa2on	
of	the	events	we	see	in	the	detector	

–  Produc2on	cross	sec2on	and	signal	strengths	probe	the	Higgs	couplings	directly	
	

•  Run-II	has	only	just	started	in	earnest!	
–  O(100q-1)	of	data	by	end	of	2018	(=factor	of	3	reduc2on	in	sta2s2cal	uncertainty)	

	
•  Addi2onal	ATLAS	H->γγ	results	at	ICHEP	2016:	

–  Combina2on	with	other	decay	channels:	Bertrand	La	Forge	(talk)	
–  More	fiducial/differen2al	cross	sec2on	informa2on:	Cong	Peng	(poster)	
–  Higgs	coupling	to	dark	ma`er:	Steven	Schramm	(talk)	Andrew	Hard	(poster)	
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Backup	
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Selec2on	of	diphoton	candidate	events	
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Addi4onal	object	selec4on	
	
Jets	(an2-kT,	R=0.4):		
•  pT	>	25	GeV	for	|η|<	2.4	
•  pT	>	30	GeV	for	2.4<|η|<	4.4	
•  Jet	vertex	tagger	used	to	reject	pile-up	
•  b-jet	tagger	to	iden2fy	heavy-flavour	

Muons:	pT	>	10	GeV	and	|η|<	2.7		
Electrons:	pT	>	10	GeV	and	|η|<	2.47		

	 	(excluding	1.37<|η|<1.52)	
	
Missing	transverse	momentum	reconstructed	
from	photons,	jets,	leptons	and	tracks		

H	->	γγ	candidates	
	
Two	reconstructed	photons	with:		
•  pT,1	>	0.35	mγγ	and	pT,2	>	0.25	mγγ		

•  |η|<	2.37			(excuding	1.37<|η|<1.52)	
•  105	<	mγγ	<	160	GeV	
•  Isolated	in	tracker	can	calorimeter	

In	total	124137	diphoton	events	selected	



Background	decomposi2on	

•  Studied	using	a	2Dx2D	sideband	method	->	15	control	regions	and	1	signal	region	
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Uncertainty	in	signal	strength	measurements	

19	All	uncertain2es	included	as	nuisance	parameters	in	the	fit	to	mγγ	



Uncertain2es	in	the	fiducial	cross	sec2on	measurements	
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•  Dominant	systema2c	uncertainty	is	due	to	photon	energy	resolu2on,	which	
changes	the	shape	of	the	signal	model		

•  Correc2on	factor	uncertain2es	include	experimental	sources	(e.g	photon	ID,	jet	
energy	scale)	and	theore2cal	sources	(e.g.	produc2on	mode	composi2on)	


