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Introduc4on 		
•  Top	Yukawa	coupling	can	be	extracted	at	LHC:	

–  From	mtop:		good	precision,	SM	hypothesis,	computa4ons	needed	from	measurement	to	pole	mass	
–  From	ggH	and	γγH	ver4ces	through	loops:	assuming	no	coupling	to	New	Physics	par4cles	

–  From	8H	and	tH	produc6ons:	direct	measurement	of	the	coupling	
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+H	(Hàγγ)
•  BR(Hàγγ)	=	0.23	%,	σ+H	=	507	U	at	13	TeV	(NLO)	
•  Small	BR	compensated	by	parametrisable	backgrounds	and	

good	diphoton	mass	resolu4on	
–  Higgs	boson	can	be	reconstructed	as	a	narrow	peak	
–  Backgrounds	from	+bar+photons,	mul4-photon/jet	final	states	

•  Results	from	Run	1:	

–  +H	(Hàγγ)	ATLAS	(JHEP	05	(2016)	160):	µ	=	1.3	+	2.6	–	1.7	(total)	
						observed	(expected)	limit:	6.7	(4.9)	
–  +H	(Hàγγ)	CMS	(CMS-HIG-13-029):				µ	=	2.7	+	2.5	–	1.8	(total)	
						observed	(expected)	limit:	7.4	(4.7)	

–  ATLAS	+	CMS	+H	combina4on,	all	decay	channels:		
	Zobs	=	4.4σ	(Zexp	=	2σ),	above	SM	value	but	s4ll	compa4ble	
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What	to	expect	with	Run	2	
•  From	8	TeV	to	13	TeV	

–  LHC	Run	2	benefits	from	large	increase	of	the	+H	cross	sec4on,	XS(+H)	x	3.9	from	8	to	
13	TeV.	

–  Backgrounds	increase	at	a	comparable	rate,	x3.3	for	+bar(NNLO)	

•  At	13	TeV,	+H	corresponds	to	1%	of	the	total	Higgs	produc4on	XS	

•  This	presenta4on	focuses	on	latest	results	on	+H	(Hàγγ)	from	ATLAS	(13.3	U-1,	
2015+2016	data)	and	CMS	(12.9	U-1,	2016	data).	
–  For	ATLAS	and	CMS,	+H	(Hàγγ)	is	a	category	of	the	Hàγγ	couplings	analysis		
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ATLAS-CONF-2016-067	(Hàγγ)	
ATLAS-CONF-2016-068	(+H	comb.)	

CMS	PAS	HIG-16-020	(Hàγγ)	



Hàγγ	candidates	
•  ATLAS	

–  2	photons	(requirements	on	tracking	info	and	EM	
deposits)	

–  (sub)leading	pT/mγγ	>	0.35	(0.25)	
–  |η|	<	2.37	(excluding	1.37	<	|η|	<	1.52)	
–  105	<	mγγ	<	160	GeV	

•  CMS	
–  2	photons	(requirements	on	BDTγID	and	EM	deposits)	
–  (sub)leading	pT/mγγ	>	0.5	(0.25)	
–  |η|	<	2.5	(excluding	1.44	<	|η|	<	1.57)	
–  100	<	mγγ	<	180	GeV	
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Event	Selec4on	

•  +H	leptonic	category	

>=	1	lepton	(e,µ),	pT	>	10	GeV	
>=	2	jets,	pT	>	25	GeV	
>=	1	b-tagged	jet	
Z	veto	(mll	and	meγ)	
MET	>	20	GeV	(for	1	b-tag	events)	
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•  +H	hadronic	category	

0	light	lepton	(e,µ)	
>=	5	jets,	pT	>	30	GeV	
>=	1	b-tagged	jet	

On	top	of	the	Hàγγ	selec4on,	



Event	Selec4on	

•  +H	leptonic	category	

>=	1	lepton	(e,µ),	pT	>	10	GeV	
>=	2	jets,	pT	>	25	GeV	
>=	1	b-tagged	jet	
Z	veto	(mll	and	meγ)	
MET	>	20	GeV	(for	1	b-tag	events)	
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•  +H	hadronic	category	

0	light	lepton	(e,µ)	
>=	5	jets,	pT	>	30	GeV	
>=	1	b-tagged	jet	

On	top	of	the	Hàγγ	selec4on,	



Event	Selec4on	

•  +H	leptonic	category	

>=	1	lepton	(e,µ),	pT	>	20	GeV	
>=	2	jets,	pT	>	25	GeV	
>=	1	b-tagged	jet	
Z	veto	(meγ, ΔR(l,γ) > 0,4)	
Minimal	value	on	BDTγγ	
	

Diane	Cinca	 8	

•  +H	hadronic	category	

0	light	lepton	(e,µ)	
>=	5	jets,	pT	>	25	GeV	
>=	1	b-tagged	jet		
Minimal	value	on	BDTγγ	
	

On	top	of	the	Hàγγ	selec4on,	

CMS	doesn’t	consider	tH	in	the	backgrounds	



					Diphoton	selec4on:	BDTγγ
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•  BDTγγ	aims	at	discrimina4ng	
Hàγγ	from	diphoton	background	

•  Inputs	to	BDTγγ	are	based	on	
diphoton	kinema4cs		
–  pTγ/mγγ,	cos(φ1-φ2),	σm/mγγ,	

BDTγID…	

•  The	variable	is	built	to	be	mass	
independent	

•  Output	is	transformed	to	be	flat	
for	Hàγγ	events.	



Signal	models	

•  ATLAS	
–  Double-sided	Crystal	Ball,	

parameters	es4mated	on	
simula4on	for	each	region	

–  Peak	posi4on	and	width	
constrained	to	expected	
values	within	uncertain4es	

•  CMS:	
–  Sum	of	gaussians,	parameters	

es4mated	on	simula4on	
–  Physical	parameters	

constrained	to	expected	
values	within	uncertain4es	
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Background	models	
	

–  In	each	category,	background	
model	chosen	as	the	one	
minimising	the	bias	(“spurious	
signal”)	observed	in	the	extracted	
signal	yield	

–  For	+H	categories:	exponen4al	
func4on	

	

	
	
	
	

	
–  Sum	of	exponen4als	or	power	law	

terms,	Laurent	series	and	
polynomials	

–  Best	model	extracted	per	category	
by	a	discrete	profiling	
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Main	systema4c	uncertain4es	
•  ATLAS:		

–  Dominant	uncertain4es	from	γ	energy	resolu4on/scale,	spurious	signal	
–  Large	uncertain4es	from	HF	content,	photon	ID,	JES/JER	in	hadronic	category	

	
•  CMS:		

–  Taking	into	account	γ	energy	scale/res.	
theor	unc.,	b-tagging,	ggH	contamina4on		
in	+H	categories…	
	

•  For	both	analyses,	total	uncertainty	is		
largely	dominated	by	the	sta4s4cal	one.	
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Ranking	for	Hàγγ	combina4on	



Results	(mH	=	125.09	±	0.24	GeV)	

•  A	µ+H	(Hàγγ)		is	measured	(µ+H	=	1	corresponds	to	SM	predic4on):	
–  µ+H	=	-0.25	+	1.26	–	0.99	

•  A	+H	(Hàγγ)		produc4on	cross	sec4on	is	measured:	
–  σ+H	x	BR(Hàγγ)	=	-0.3	+	1.4	–	1.1	U	

•  The	total	uncertainty	is	dominated	by	sta4s4cs	
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•  A	global	µ+H	is	measured	(µ+H	=	1	corresponds	to	SM	predic4on):	
–  µ+H	=	1.91	+	1.5	–	1.2	for	a	fi+ed	mH	=	126	GeV	(maximal	observed	significance	for	Hàγγ)	

•  The	total	uncertainty	is	dominated	by	sta4s4cs	



Conclusion	
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•  A	search	for	+H	(Hàγγ)	produc4on	has	been	performed	as	part	of	the	Hàγγ	produc4on	cross	
sec4on	analysis	with	13	TeV	data	(13.3U-1	for	ATLAS,	12.9	U-1	for	CMS).		

•  Both	measurements	are	in	fair	agreement	with	Standard	Model	expecta4ons.	

•  Run	2	has	just	started	!	We	plan	about	100	U-1	by	the	end	of	the	Run	(end	of	2018).	
This	will	induce	a	factor	3	reduc4on	of	the	sta4s4cal	uncertainty	!	
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What’s	to	come	
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Projec4ons	currently	plan	about	35	U-1	of	data	for	2016…		
	

See	you	in	Winter	for	more	new	results	!	



BACKUP	
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Run	2	
•  XS+H	(13	TeV)	=	507	U	(1%	of	total	Higgs	produc4on	XS)	
•  Search	in	many	decay	modes	(BR	~89%)	
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Run	2	

19	

•  Peak	luminosity	limited	to	~1.7e34	by	inner	triplets	
•  ~40	U-1/year	in	2017	and	2018	
•  Prepare	for	HL-LHC	and	post-LS2	LIU	era		
•  Prepare	for	7	TeV	opera4on	

Extended	Year	End	Technical	Stop	–	20	weeks	
CMS	pixel	upgrade;	push	2	sectors	towards	7	TeV	
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				Analysis	chart	(focusing	on	+H)
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Event	preselec4on	
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BDTγID	inputs	
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BDTγID	
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Axer	preselec4on	
For	the	lowest	scoring	photon	



BDTγγ	inputs	
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BDTγγ	systema4cs	

•  Studied	on	Zee	events	with	
electrons	reconstructed	as	
photons	

•  Impact	on	BDTγγ	of	uncertain4es	
from:	
–  Rela4ve	energy	resolu4on	(5%	

rela4ve	shix)	
–  BDTγID	(0.03	shix	+	linearly	

increasing	term)	
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Systema4c	uncertain4es	
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Composi4on	
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Expected	number	of	events	
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Expected	number	of	events	
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Selec4on	of	diphoton	candidate	events	
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Isolated	in	tracker	and	calorimeter	



Main	uncertain4es	
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All	systema4cs	are	included	as	nuisance	
parameters	in	the	fit.	

All	Hàγγ	inclusive,	not	showing	much	about	+H	



Higgs	produc4on	XS	
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Expected	signal	strength	
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Limits	for	+H	combina4on	
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+H	combina4on	results	
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From	+H	combina4on	paper,	slightly	different	result	as	contribu4ons	other	than	+H	are	fixed	to	SM	
expecta4ons.	


