
H(bb)	at	ATLAS
Tim	Scanlon

On	behalf	of	the	ATLAS	Collaboration



bb

cc
ττ

μμ gg

γγ
WW ZZ

H(bb)

20/02/2013

Dominant	decay	~58%

Observed	decays	~31%
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Channel Number	of	Events	
for 36.1	fb-1
mH =	125 GeV

ggH, H(bb) ~920k

VBF	H, H(bb)
ATLAS-CONF-2016-063

~78k

VH, H(bb)	(V=W,	Z)
ATLAS-CONF-2017-041

~47k

ttH,	H(bb)
ATLAS-CONF-2016-080

~11k

Only	focusing	on	Run-2	results

See	K.	Liu’s	dedicated	talk	on	ttH,	H(bb)



VBF	H(bb)+g
• Search	for	H(bb)	with	a	high	pT g (pT >	25	GeV)

Ø Extra	handle	for	trigger	and	to	suppress	
multi-jet	background

• Boosted	Decision	Trees	(BDT)	used	to	define	3	
analysis	regions
Ø Z(bb)+g as	cross-check
Ø Fit	dijet invariant	mass	(mbb)	in	3	BDT	regions
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13	TeV,	12.6	fb-1



VBF	H(bb)+g Results
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• Limiting	factors
Ø Statistics	in	background	fit
Ø Signal	modelling	uncertainties
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VH,	H(bb)
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• Full	2015+16	VH(bb)	analysis
Ø 2	and	3-jet,	high	pTV regions

13	TeV,	36.1	fb-1

0-Lepton 1-Lepton 2-Lepton
l

l
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Z+hf,	ttbarW+hf,	ttbar,	single-topZ+hf,	W+hf,	ttbar
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VH,	H(bb)	Analysis
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• Three	versions	of	the	analysis
Ø Nominal: BDT	VH,	H(bb)
Ø BDT	VZ,	Z(bb)
Ø Cut-based	mbb VH,	H(bb)

• Simultaneous	fit	to	discriminating	
variable	in	all	analysis	regions
Ø Normalisation	of	𝑡𝑡̅ and	Z/W+hf freely	floating
Ø Uncertainties	on	overall	and	relative	

normalisation	between	regions
Ø Shape	uncertainties	on	all	non-negligible	

backgrounds

New	𝑡𝑡̅ and	W+hf control	
regions	(see	A.	Bell’s	talk)

Nominal:
8	Signal	Regions
6	Control	Regions
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VZ,	Z(bb)	Cross-check
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Diboson
WZ,	Z(bb)
ZZ,	Z(bb)

0-Lepton,	2-Jet,	pVT>	150	GeV 1-Lepton,	2-Jet,	pVT>	150	GeV 2-Lepton,	2-Jet,	pVT>	150	GeV

Significance:
Observed	5.8s
Expected	5.3s
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VH,	H(bb)	BDT
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VH	Signal
WH,	H(bb)
ZH,	H(bb)

0-Lepton,	2-Jet,	pVT>	150	GeV 1-Lepton,	2-Jet,	pVT>	150	GeV 2-Lepton,	2-Jet,	pVT>	150	GeV
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VH,	H(bb)	Result
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• 36.1	fb-1 VH,	H(bb)	result

Significance:
Observed	3.5s
Expected	3.0s

1-Lepton	Event
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VH,	H(bb)	Run	1+2	Combination
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• Combine	with	4.7	fb-1 and	20.3	fb-1 Run	1	result

Significance:
Observed	3.6s
Expected	4.0s
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Significance:
3.5s observed
2.8s expected

VH,	H(bb)	mbb Result

14	Signal	Regions
4 Control	Regions

Signal	strength:	µ=1.30+046-0.40	(tot.)	+0.28-0.27	(stat.)	+0.37-0.29	(syst.)
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VH,	H(bb)	Considerations
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Limiting	factors
• Signal	modelling
• Monte	Carlo	statistics
• Flavour tagging
• Background	modelling



Summary	
• Run	2	H(bb)	searches	conducted	in	VH,	VBF	and	ttH production	channels

Ø Full	set	of	results	on	2015+16	dataset	in	progress

• Evidence	for	H->bb	in	VH	production	channel
Ø Heralds	a	new	era	of	H(bb)	measurements

• Challenges
Ø VH,	H(bb)	channel	systematically	limited
Ø VBF	H,	H(bb)	still	statistically	limited
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Evidence	for	H(bb)

bb

cc
ττ

μμ
gg γγ

WW ZZ

Evidence	(or	better)	for	~88%
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VH,	Simulated	Samples
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VH,	Event	Selection
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VH,	Signal	Acceptance
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VH,	BDT	Input	Variables
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VH,	Background	Uncertainties
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VH,	Diboson Uncertainties
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VH,	Signal	Uncertainties
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VH,	Background	Normalisation
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VH,	Cut-based	Regions
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VH,	Cut	flow
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VH,	Composition	High	S/B
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VH,	Detailed	Results
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VH,	Composition	Control	Regions
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ttH,	H(bb)
• Search	in	both	single	and	di-lepton	channels

Ø Categorise according	to	jet	and	b-tag	multiplicity
Ø Reconstruction	multivariate	analysis	(MVA)	

matches	jets	to	partons
Ø Classification	MVA	discriminates	signal	from	

background
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13	TeV,	13.2	fb-1



ttH,	H(bb)	Results
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Reached	Run	1	sensitivity

Limiting	factors:
• Modelling	of	𝑡𝑡̅	+heavy	flavour (hf)
• Flavour tagging
• Monte	Carlo	statistics
• Signal	modelling


