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->Today	the	measurement!	



Outline	
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•  Standard	Model	Higgs	produc=on	at	the	LHC	and	the	role	and	challenges	of	Hàbb	
•  What	features	enable	H	to	bb	searches	at	the	LHC?	

–  First	ATLAS	sensi=vity	studies	~20	years	ago	predicted	marginal	sensi=vity	using	30O-1	of	14	TeV	data	
–  Due	to	LHC	and	ATLAS	detector	performance	and	understanding	
–  Analysis	techniques	

•  Presenta=on	of	latest	Run	2	analysis	and	results	
–  Combina=on	with	Run	1	

•  Using	the	Higgs	as	a	probe	of	physics	beyond	the	Standard	Model	
•  Outlook/Summary	
	
	



Standard	Model	Higgs	
•  Higgs	Boson	discovered	in	Run	1	(7,8	TeV)	of	LHC	5	years	ago.	Ini=al	measurements	in	line	with	

Standard	Model	(SM)	predic=ons.		Opened	up		way	to	explore	new	sector	of	SM	Lagrangian.	
•  Measurements	at	Run	2	(13	TeV)	increase	precision	in	e.g.	Hà4	leptons	and	Hàγγ	con=nue	to	

be	in	line	with	SM.	Look	at	the	signal	strength	μ		

	

Paul	Thompson		Evidence	for	the	H	to	bb	decay	in	VH	produc=on	with	the	ATLAS	detector	-	Birmingham	Seminar	 4	



Standard	Model	Higgs	
•  In	the	SM	all	predic=ons	fixed	once	mass	is	known	
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•  Look	for	devia=ons	in	
–  Coupling	strengths	to	other	par=cles	
–  Spin/CP	proper=es	
–  Differen=al	distribu=ons	

•  Differences	would	be	a	sign	of	new	physics	
•  We	know	SM	does	not	describe	dark	mader,	mass	hierarchy	etc	

	
	



Picture	Today	

Paul	Thompson		Evidence	for	the	H	to	bb	decay	in	VH	produc=on	with	the	ATLAS	detector	-	Birmingham	Seminar	 6	

•  Established	produc=on	modes	
–  Gluon	fusion	
–  Vector	Boson	Fusion	
–  dH	(summer	2017)	

•  Established	decay	modes	
–  To	bosons:	HàZZ,	HàWW,	Hàγγ	
–  To	fermions:	Hàττ	(ATLAS+CMS	Run	1,	CMS	Run	2)	

•  Most	of	Higgs	decays	undetected	
•  Higgs	à	bb	important	part	of	understanding	

–  Direct	probe	of	coupling	to	fermions	(down	type	quarks)	
–  Drives	uncertainty	on	total	decay	width	
–  The	more	Higgs	decays	we	see	the	less	space	there	is	for	

undetected/invisible	decays	

	
	



Detec=ng	Hàbb	
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•  Jets	containing	b	jets	are	
produced	in	copious	amounts	at	
the	LHC	

	
•  Inclusive	Hàbb	is	difficult,	

mul=jet	cross	sec=on	gàbb	is		
overwhelming	(107	larger!).	
Triggering	possible	at	high	pTH	
although	s=ll	low	S/B.		

	
•  For	the	associated	produc=on	

mode	VH	the	W	or	Z	bosons	can	
help	with	triggering	the	event	
and	with	background	
suppression	

•  Main	produc=on	mode	for	Hàbb	

	
	
	



Previous	Hàbb	Results	
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•  CDF+D0	[1]	2.8σ	observed	for	1.5σ	expected	
•  ATLAS	Run	1	[2]	signal	strength	shown	for	separate	produc=on	modes	and	combina=on.	

Observed	significance	of	1.4σ	for	2.6σ	expected.		
•  CMS	Run	1	[3]	2.1σ	observed	for		2.5σ	expected	
•  ATLAS+CMS	Run	1	[4]	combina=on	2.6σ	observed	for	3.7σ	expected	
•  Hàbb	becomes	an	LHC	Run	2	measurement…	
	
	
	
	
	



Looking	for	Hàbb	
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ATLAS	Run	2		Hàbb	results	 •  Inclusive	Hàbb	is	
difficult.	Can	use	jet	
substructure	techniques	
at	pTH>	450	GeV	

•  VBF	also	large	mul=jet	
background.	Addi=onal	γ	
can	help,	similar	
sensi=vity,	higher	S/B		

•  VH	main	produc=on	
mode	for	Hàbb.	Focus	
here	on	VH,	H(bb)	result	
released	for	EPS	2017		
conference	(now	
accepted	for	publica=on)	

•  dH.	Leptonic	signatures	
for	trigger	but	
challenging	
combinatorics	and	
difficult	d+bb	
background	

	
	
	



LHC	Performance	
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•  Run	1	@7,8	TeV	delivered	29	O-1	

•  Run	2	@13	TeV	delivered	4	O-1	in	2015	
and	38	O-1	in	2016	

•  2017	pp	data	taking	just	finished.		
Around	46	O-1	pp	data	for	analysis	

•  Many	op=misa=ons	performed	in	ATLAS	
to	try	to	eliminate	any	degrada=on	due	
to	pile-up	

•  Crucial	for	this	analysis	to	reduce	effects	
of	pile-up	on	jet	resolu=on	and	missing	
transverse	energy	(MET)	trigger/
measurements	and	on	the	tracking	and	b-
jet	tagging		performance	

Excellent	LHC	performance	brings	
higher	pile-up	and	rates!	



The	ATLAS	Detector	
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Most	Important	components	for	Hàbb:	
•  Silicon	tracking:	Run	2	upgrades	included	insertable	B-Layer	close	to	interac=on	region.	

Revised	tracking	and	pixel	clustering	algorithms.	Overall	improvements	of	factor	2	in	impact	
parameter	resolu=on.	

•  Jet	energy	scale	uncertainty	from	calorimeters	understood	to	within	1.5%	in	central	and	
high	pT	region	

•  Trigger	rate	at	L1	increased	from	75kHz	to	100KHz	and	Higher	level	trigger	from	400	to	
1000	Hz.	Also	keeping	MET	trigger	thresholds	as	low	as	possible	



B-tagging	
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•  Combine	the	various	different	taggers	using	a	
BDT	to	give	a	single	discriminant	

•  Op=misa=ons	performed	for	both	2015	and	
2016	data.	Focus	was	on	improving	high	pT	
performance	and	increasing	c-jet	rejec=on.	

•  	Light	jet	and	c-jet	rejec=on	factors	improved	
by	factors	2	and	2.5	compared	with	Run	1.		

•  c-jet	calibra=on	10%	for	pT	40-80	GeV	using	
W	decays	in	dbar	events	

•  Analysis	uses	70%	b-jet	efficiency		
•  b-jet	calibra=on	2%	pT	50-100	GeV		



MC	Samples	
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Increasingly	we	use	NLO	MC	programs,	NNLO	PDFs,	normalised	to	highest	order	calcula=ons	



MC	Samples	(aside)	
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Increasingly	we	use	NLO	MC	programs,	NNLO	PDFs,	normalised	to	highest	order	calcula=ons	

•  E.g.	Sherpa	V+jets	uses	MEPS@NLO	up	to	2	jets	at	NLO	and	up	to	4	jets	at	LO	
•  Improved	precision	introduces	new	issues	e.g.	longer	processing	6me,	nega6ve	and	large	

event	weights	from	NLO	method	
•  In	order	to	populate	backgrounds	in	most	sensi=ve	regions	need	to	slice	in	PTV,	HT	etc..	
•  For	systema=c	uncertain=es	write	to	MC	event	files,	where	possible,	weights	for	

factorisa=on/renormalisa=on	scale	varia=ons,	PDF	eigenvectors,	αS	varia=ons	etc.		
•  MC	studies	benefit	from	dedicated	efforts	to	improve	understanding	of	physics	modelling	
•  Produce	~annual	notes	on	status	of	MC	models	studies	(top,	V+jets,	mul=boson,	mul=jet)	

for	feedback	from	experts	e.g.	at	ATLAS-CMS	MC	workshop.	
hdps://twiki.cern.ch/twiki/bin/view/AtlasPublic/MCPublicResults	

dbar	tuning	 W+jets	NLO	vs	LO	



VHàbb	Backgrounds	
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Analysis	is	divided	into	different	V	decays	(n	charged	leptons)	each	with	different	backgrounds			

High	Missing	transverse	momentum	
for	trigger	and	reduce	QCD	mul=jets	

Tight	lepton	iden=fica=on	and	
high	pTW	to	reduce	mul=jets	

Two	opposite	sign	leptons	
and	Z	mass	window	

Dominant	backgrounds:	

•  Z/W+heavy	flavour	jets	
•  Top	(dbar	and	single	top),	par=cularly	at	

higher	jet	mul=plicity	
•  QCD	mul=jet	
•  Diboson	VZ	with	Zàbb	and	V=W,Z.												

Z	resonance	is	used	as	“Standard	Model	
Candle”	to	validate	VH	analysis	



VHàbb	Analysis	Cuts	
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Analysis	is	divided	into	different	V	decays	(n	charged	leptons)	each	with	different	backgrounds			

High	missing	transverse	momentum	
for	trigger	and	reduce	QCD	mul6jet	

Tight	lepton	iden6fica6on	and	
high	pTW	to	reduce	mul=jet	

Two	opposite	sign	leptons	
and	Z	mass	window	

•  2	b-tagged	central	jets	with	pT	>	45,	20	GeV	

Exactly	2	or	3	jets,	MET,	pTW>	150	GeV		 2	or	>=3	jets,	pTV>	75	GeV		

Addi=onal	criteria	to	reduce	
mul=jet		 MET>30	GeV	in	electron	channel	

Muon	channel	triggered	by	MET	
trigger	

Jets	are:	An=-kT	radius	0.4,	pT>20	GeV(30	GeV)	for	|eta|<2.5(4.5):	require	2	central		



VHàbb	Event	Displays	
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Analysis	is	divided	into	different	V	decays(n	charged	leptons)	each	with	different	backgrounds			



VHàbb	Backgrounds(a~er	selec=on)		
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Hàbb	Analysis	Strategy	

Paul	Thompson		Evidence	for	the	H	to	bb	decay	in	VH	produc=on	with	the	ATLAS	detector	-	Birmingham	Seminar	 19	

•  For	best	sensi=vity	use	loose	selec=on	with	
mul=variate	techniques	(MVA)	to	reduce	
backgrounds	(“nominal	analysis”)	

•  “Dijet	mass”	analysis	(aka	“cut	based”)	using	mbb	
as	discriminant	with	extra	background	suppressing	
cuts	as	a	cross	check	

•  Both	analyses:	Improve	mbb	resolu=on	to	increase	
sensi=vity	and	separate	from	VZ	

•  Both	Analyses:	exploit	signal/background	
differences	vs	pTV	and	jet	mul=plicity	

•  W+jets.	Define	control	region	(CR)	at	low	mbb	and	high	mtop	
•  Z+jets:	Clean	control	regions	in	2	lepton	data	to	evaluate	MC	modelling	uncertain=es	
•  Top:	control	regions	at	higher	jet	mul=plici=es,	shape	uncertain=es	from	MC.	Top	CR	

in	2	lepton	using	opposite	sign	e-μ	events.	
•  Mul=jet:	Normalisa=ons	and	shapes	obtained	from	data.	Difficult	to	control,	reduce	

to	negligible	levels	where	possible.	

Control	backgrounds	across	different	lepton	channels	



Low/High	pTV			
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•  Use	pTV	categorisa=on.	For	2	lepton	nominal	analysis,	addi=onal	75	<	pTV	<	150	GeV,	
else	>	150	GeV		

•  Used	as	input	variable	to	mul=variate	analysis	
•  Addi=onal	pTV	>	200	GeV	bin	for	dijet	analysis	
•  Technicali=es	-	requires	sufficient	MC	stats	at	high	pTV,	use	pTV	slicing/filtering	

Exploit	the	Signal	and	Background	differences	a	a	func=on	of	pTH	/	pTV	/	MET	



Signal	Event	Efficiency	
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Signal	Efficiencies	for	different	produc=on	modes	and	lepton	categories:	

How	does	it	compare	to	Run	1?	

Generally	lower	(taking	b-tag	eff	into	account)	–	=ghter	trigger	condi=ons	due	to	
higher	pile-up,	analyses	start	at	higher	pTV	(beder	sensi=vity,	background	modelling)	
Benefit	from	increased	cross	sec=on	(especially	ggàZH)	and	COM	pTV	boost			

MVA	analysis	
For	b-tag	eff.	
of	70%	

MVA	(cut	based)	
analysis	for	b-tag	
eff.	of	80%	

Similar	event	
yields/sensi=vity	
for	all	lepton	
channels	

R
u
n
	
2

R
u
n
	
1



mbb	Reconstruc=on	
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•  Start	from	standard	jet	Calibra=on	(topological	clusters	+	sequen=al	correc=ons	
including	2	correc=ons	for	pile-up)	

•  Add	any	close	by	muons	from	semi-leptonic	decays	to	the	jet	
•  Apply	a	“PtReco”	correc=on	as	func=on	of	pT	of	jet	to	obtain	“true”	pT	
•  In	2	lepton	events	addi=onal	constraint	that	no	real	energy	imbalance	in	event.	Apply	

kinema=c	Likelihood	Fit	using	parameterisa=ons	of	lepton	and	jet	resolu=ons	



Mul=variate	Analysis	
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•  As	Run	1,	use	Boosted	Decision	Tree	(BDT)	
•  17	input	variables	used	to	various	degrees	by	channels	
•  BDT	inputs	include	mbb	for	all	channels	
•  Train	per	channel	in	2/3	jet	categories	and	low/high	pTV	

for	2	lepton,	for	VH	and	VZ	as	signal	
•  Check	BDT	inputs	are	well	modelled	by	MC	models	



mbb	Analysis	
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•  Exploit	pT	varia=on	of	S/B		
•  Addi=onal	category	for	pTV	>	200	GeV	
•  Require	smaller	ΔR(b1,b2)	for	increasing	pTV	
•  Highly	efficient	for	signal	and	suppresses	e.g.	dbar	

background	
•  Note:	at	around	pT>400	GeV	the	2	radius=0.4	jets	

start	to	merge	

Addi=onal	selec=on	criteria	w.r.t.	nominal	MVA	



Hàbb	Analysis	Regions	
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•  Signal	strength	μ	
•  Normalisa6on	of	3	main	backgrounds		(dbar	and	Z/W+HF	freely	floa=ng)	
•  Shapes	and	rela6ve	normalisa6ons	between	regions	parameterised	by	nuisance	

parameters	constrained	within	allowed	systema=c	uncertain=es	(priors)	
	

Simultaneous	likelihood	fit	to	discrimina=ng	variables	in	all	analysis	regions	to	extract:	

Cut	Based:	



Background	Es=ma=on	
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0-Lepton	 1-Lepton	 2-Lepton	
2-
je
t	

3-
je
t	



Control	Regions	
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•  W+HF	use	yield	only	
•  mbb	used	in	2	lepton	dbar	CR	to	control	systema=cs	

on	shape	
•  Due	to	different	regions	of	phase	space	probed	dbar	

model	in	the	2	lepton	channel	is	decorrelated	from	
the	0	and	1	lepton		

•  Use	MC	modelling		varia=ons	as	uncertainty	on	
extrapola=on	from	CR	to	signal	region	

Dedicated	control	regions	to	beder	isolate	backgrounds	

Control	Region	 W+HF	 >bar	

Channel	 1	lepton	 2	lepton	

Selec=on	 mbb	<	75	GeV,	
mtop>225	GeV	

Require	e-μ	

purity	 75-80%	 >99%	

Fit	observable	 yield	 mbb	



W/Z	Background	Model	
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Free	floa=ng	uncertain=es:	

Extrapola=on	to	0-lepton			

Extrapola=on	from	W+HF	to	SR	

Data	suggest	need	for	beder	
theore=cal	understanding		

Modelling	uncertain=es	from	MC/data	studies:	



dbar	Background	Model	
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Free	floa=ng	uncertain=es	

Extrapola=on	uncertain=es	analogous	to	W/Z			

Theory	agrees	with	
data	within	errors	



Impact	of	Systema=cs	on	μ	
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Monte	Carlo	Stats	in	spite	of	pTV	slicing	

Signal	modelling	dominated	by	extrapola=on	
from	high	pTV	to	full	phase	space	and	showering	
Pythia	8	vs	Herwig	7.	Doesn’t	affect	significance	

Backgrounds(data+MC):	all	contribute	similar	
level	

Systema=cally	Limited	



VZbb	BDT	Analysis	
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Final	discriminants	from	
all	regions	ploded	as	
func=on	of	log10(S/B)	

0-lepton,	2-jet,	pTV>150	GeV		 1-lepton,	2-jet,	pTV>150	GeV		 2-lepton,	2-jet,	pTV>150	GeV		



VZ	Analysis	Results	
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Fided	signal	strength	for	0,1,2	lepton	analyses	 Fided	signal	strength	for	W/ZH	processes	

Compa=bility	~100%	

Now	we	have	validated	the	analysis	with	known	SM	process	let’s	look	at	VH…	



VH	BDT	Analysis	
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Final	discriminants	from	
all	regions	ploded	as	
func=on	of	log10(S/B)	

0-lepton,	2-jet,	pTV>150	GeV		 1-lepton,	2-jet,	pTV>150	GeV		 2-lepton,	2-jet,	pTV>150	GeV		



VH	Analysis	Results	

Paul	Thompson		Evidence	for	the	H	to	bb	decay	in	VH	produc=on	with	the	ATLAS	detector	-	Birmingham	Seminar	 34	

Fided	signal	strength	for	0,1,2	lepton	analyses	 Fided	signal	strength	for	W/ZH	processes	

•  3.5σ	evidence	for	VH,	Hàbb	
•  Within	1σ	of	SM	



Dijet-mass	Analysis	
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•  A	fit	to	the	mbb	observable	is	applied	in	18	analysis	regions		
•  Background	subtracted	(except	diboson)	mbb	distribu=on.	
•  Entries	weighted	by	S/B.	Background	stat.	and	sys.	uncertainty	band	shown	
		

•  Important	valida=on	of	BDT	analysis			



Run	1	+	2	Combina=on	
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•  The	Run-2	BDT	VH,	H	→	bb	analysis	is	combined	with	the	corresponding	Run-1	analysis.		
•  Signal	uncertain=es	and	b-jet	energy	scale	uncertain=es	are	correlated	across	years.	The	

impact	of	correla=ons	in	other	uncertain=es	was	cross-checked	and	found	to	be	
negligible.		

		



CMS	VHbb	Results	
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•  CMS	Result	on	similarly	sized	dataset	and	kinema=c	region	was	submided	in	September	
hdps://cms-results.web.cern.ch/cms-results/public-results/publica=ons/HIG-16-044	

•  Sensi=vity	similar:		significance	2.8	expected	and	observed	3.3,	which	is	signal	strength:	
•  Combined	with	Run-1	gives	significance	of	3.8	(3.8)	expected	(observed),	and	signal	strength:		



CMS	VHbb	Results	
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•  CMS	Result	on	similarly	sized	dataset	and	kinema=c	region	was	submided	in	September	
hdps://cms-results.web.cern.ch/cms-results/public-results/publica=ons/HIG-16-044	

•  Sensi=vity	similar:		significance	2.8	expected	and	observed	3.3,	which	is	signal	strength	
•  Combined	with	Run-1	gives	significance	of	3.8	(3.8)	expected	(observed),	and	signal	strength:		



Outlook	(VHbb	Run	2)	
•  Now	have	VHbb	evidence	will	process	2017	data	and	try	to	establish	observa=on	(the	

race	is	on!)	.	Analysis	will	become	increasingly	systema=cally	limited,	focus	on	
systema=cs,	turning	measurements	into	“template	cross	sec=ons”.		

•  Background	modelling	uncertain=es	will	benefit	from	more	data.	All	backgrounds	
similar	importance:	can	try	to	improve	MC	modelling	limited	ones	e.g.	Single	top	
uncertainty	dominated	by	Wt	overlap	with	dbar		

•  Con=nue	the	impressive	detector/calibra=on	performance.	Mi=gate	effects	of	
increased	pile-up.	

•  Large	signal	uncertain=es.	Reduce	part	of	these	by	measuring	the	visible	cross	
sec=ons,	pTV	bins?	For	the	future	m(VH)	distribu=on	(sensi=ve	to	new	physics)	

•  Update	combina=ons	e.g.	with	dH(bb)	
•  Gains	from	deep	machine	learning?	Although	now	signal	is	established	cut	based	may	

give	similar	performance.	
•  Sub-structure	techniques?	S=ll	too	early?	
•  New	ideas,	techniques…?	
•  And	think	more	about	the	future	with	3000	O-1	pb	data...	
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VHbb	and	HL-LHC	
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•  The	focus	will	be	on	H->bb	at	high	pT.		
The	fact	we	didn’t	see	new	physics	at	
the	LHC	turn-on	means	it	is	hiding	at	
larger	scales		

•  The	increase	in	precision	means	we	
want	to	increase	our	sensi6vity	to	the	
new	physics		

•  “Back	of	the	envelope”	calcula=ons	
from	M.	Mangano	

•  Using	full	HL-LHC	data	and	boosted	
“fat-jets”	with	2	b-subjets		

Looking	for	devia=ons	
from	SM	across	the	pT	
spectrum	



CMS	Inclusive	H->bb	
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•  Looking	inclusively	at	H->bb,	signal	produc=on	mainly	ggF.	Background	is	QCD	di-b-jets	
•  Look	in	the	high	pTbb	(>450	GeV)		region	for	beder	S/B	where	the	boost	merges	the	2-bjets		
•  Use	large	radius	“fat-jet”	and	the	so~-drop	mass	which	aims	to	reduce	effects	of	pile-up		
•  First	observa=on	5.1(5.8)	observed(expected)	significance	for	Z->bb	
•  The	Higgs	significance	is	1.5(0.8)	observed	(expected)	
•  Note:	Quite	some	trouble	to	repeat	their	H	cross	sec=on	predic=ons	(details	in	the	paper	

limited).	On-going	discussions	so	let’s	see	what	comes	in	the	publica=on			



Summary	
•  3.6σ	evidence	(4.0σ	expected)	has	been	presented	for	Higgs	boson	decays	to	b-quarks	and	

for	its	produc=on	in	associa=on	with	a	vector	boson			
•  Important	milestone	on	the	way	to	observa=on,	that	demonstrates	we	understand	the	

ingredients	to	reliably	extract	a	H	→	bb	signal!		
•  Within	the	present	~25-30%	uncertainty	on	μ,	the	Standard	Model	(SM)	holds			
•  Assuming	the	SM	produc=on	rate,	results	consistent	with	the	Yukawa	coupling	to	b-quarks	

in	the	SM		
•  Measurement	also	establishes	the	VH	produc=on	process	
•  The	first	step	of	a	longer	journey	in	Run	2	and	beyond	
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Back-up	
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Event	Selec=on	
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Signal	and	Background	Fit	Model	
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•  Extrapola=on	uncertain=es	across	fit	regions	parameterised	in	terms	of	ra=o	of	yields	
•  Determine	uncertain=es	of	V+jets	on	2	most	important,	largely	independent,	variables	pTV	

and	mbb	and	propagate	to	BDT	distribu=ons.		
•  Both	yield	ra=os	and	shape	uncertain=es	evaluated	using	detailed	MC	studies	or	data	to	

MC	comparisons	in	control	regions.		
•  Typically	scale/factorisa=on	varia=ons,	matrix	element/parton	shower	matching	

varia=on,		PDF+αS,	comparison	to	alterna=ve	generator	with	different	matrix	element	or	
merging	scheme	

•  Run	2	analysis:	Adempt	to	simplify	and	increase	robustness	of	analysis	(low	number	of	
regions	and	BDT	bins,	reduced	non	b-jet	contribu=on)	essen=al	to	avoid	
“overconstraining”	systema=c	uncertain=es	in	profile	likelihood	fit		

	



ggZH	
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“VHbb”	BSM	searches	(in	2	slides)	
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•  Search	for	resonances	decaying	into	vector	boson	+	Higgs	Zh	or	Wh	(ATLAS-CONF-2017-055)	
•  2	Higgs	doublet	models:	extension	of	SM	with	addi=onal	doublet	and	5	higgs	h,	H,	H+,H-,A	
•  Appears	in	extensions	such	as	SUSY,	axion	models,	baryogenesis	

Heavy	Vector	Triplets	Gluon	Fusion	-	A	 bbA	 W’,Z’	produc=on	

•  Several	extensions	to	SM	predict	
heavy	vector	bosons		

•  HVT:	simplified	model	with	
addi=onal	SU(2)	triplet	W’+,W’-,Z’	



Semi-Leptonic	VH:	AàZh		

•  2D	limits	as	a	func=on	of	tanβ/cos(β-α)	
•	tanβ	—	ra=o	of	vevs	for	each	Higgs	doublet	
•	α	—	mixing	angle	between	the	2	CP-even	states		

•  SM	alignment	limit	cos(β-α)=0.	Similar	limits	to	combined	H	couplings	fit.	
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•  0-/2-lepton	combined	limits	presented	separately	for	ggF	and	bbA	produc=on		
•  Mild	excess	at	mA=	440	GeV		

•	arises	mostly	from	3+	b-tag	region	in	2-lepton	channel		
•	local	(global)	significance:	3.6	(2.4)	std.	dev.		

	

Paul	Thompson		Evidence	for	the	H	to	bb	decay	in	VH	produc=on	with	the	ATLAS	detector	-	Birmingham	Seminar	


