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IntroducAon	
  ACer	the	Higgs	discovery	a	major	quesAon	is	if	this	is	the	SM	Higgs	boson	

  	Or	could	it	be	the	first	state	of	a	larger	scalar	sector?		

  Many	BSM	models	predict	extended	Higgs	sectors	containing	H±	bosons		
  E.g.	Two	Higgs	doublet	models	(2HDM),	Higgs	triplets	

	

  Present	new	run-2	ATLAS	searches	for	heavy	H±	bosons	
  H+	à	τν	in	range	200	<	m(H±)	<	2000	GeV	with	14.7	]-1	
  H+	à	tb	in	range	300	<	m(H±)	<	1000	GeV		with	13.2	]-1	

  For	m(H±)	>	m(t),	dominant	producAon	is	in	associaAon	with	top	quark	
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Four	flavour		
scheme	(4FS)	

Five	flavour		
scheme	(5FS)	



Theory	Overview	
  2HDM:	5	physical	bosons	(h,	H,	A,	H±)	

  4	types	depending	on	l	and	u/d	couplings	
	

  Minimal	Supersymmetric	SM	(MSSM)		
  Special	case	of	type	II	2HDM	

  Described	by	tanβ	and	mA	at	tree-level	
  Several	benchmarks	e.g.		

mh
max		(stop	mixing	for	max	mh)	

mh
mod±	(modified	stop	mixing)		

	

hMSSM:	take	mh	=	125	GeV	as	input	
  Enables	phenomenology	to	be	described	by	

tanβ	and	mA	to	good	approx	at	higher	orders	

  H+	à	τν	and	tb	decays	dominate 		 3	
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mh
mod+	

tanβ=	10	

mh
mod+	

tanβ=	50	



b-jets	
  MVA	ID		

  Impact	params	
  Secondary	&		

terAary	vertex		
properAes	

  εb	≈	70%	with	l/c	rejecAon	~400	(10)		
	

ATLAS	tau	and	b-jet	idenAficaAon	

4	

taus	
  Jets	with	1	or	3	prongs		
within	ΔR	=	0.2	of	axis	
  IsolaAon	annulus	

  BDT	ID		
  ετ	=	55(40)%	for	1(3)p	
  Jet	rejecAon	~102	



H+	à	τν	:	selecAon	

5	

ETmiss	>		
150	GeV	

1	τhad		
pT	>	40	GeV	

≥	3	jets		
pT	>	25	GeV	

≥	1	b-tag	

e/μ	veto	

  Measured		
in	data	

  Discriminant:	mT	>	50	GeV	

ETmiss	trigger	

A*ε	=	1.1	-	10	%	for	200	-	1000	GeV	

  Hadronic	τ	+	hadronic	top	decay	



  True	τhad:	MC	normalised/checked		in		
																		CRs	with	mT	<	100	GeV		

W+jets	normalised	in	0	b-jet		
ubar	validated	≥	2	b-jets	

  Jet	à	τhad	fakes:	Fake	Factor	(FF)	
  Template	from	anA-ID	τhad	data	
  Normalised	in	ETmiss	<	80	GeV,	0	b-tag	

H+	à	τν	:	background	modelling	
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(Small	e/μ	à	τhad	fakes	directly	from	MC)	



H+	à	τν	:	systemaAc	uncertainAes	
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  Signal	modelling	
  μF/μR	scale,	PDF,		

UE	tune		

  SystemaAcs	arise	from	experimental	effects,	determinaAon	of	jet	à	τhad	
fakes,	modelling	of	MC	backgrounds	and	signal		
  StaAsAcal	uncertainAes	start	to	dominate	at	high	mass	

  Top	modelling:	
  Cross-secAon,	ME	(Powheg	vs	aMC@NLO),		

PS	(Pythia	vs	Herwig),	ISR/FSR	

Biggest	at	
high	m(H±)	

Biggest	at	
low	m(H±)	

  Jet	à	τhad			
fakes	
  CR	stats	
  Varying		

anA-τ		
BDT	cut		

  True	τhad		
subtracAon		



H+	à	τν	:	results	
  Observed	σ	x	BR	limit:		

  2.0	pb	–	8	]		
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Single	bin	entering	into	fit	

  Obs.	hMSSM	exclusion:		
  42	<	tanβ	<	60	@	m(H+)	=	200	GeV	
  200	<	m(H+)	<	540	GeV	@	tanβ=60	
  Significantly	improves	2015	result	



H+	à	tb	:	selecAon	
  Semi-leptonic	selecAon:	

  Single	lepton	triggers	
  1	lepton	with	pT	>	25	GeV	
  ≥	4	jets	with	pT	>	25	GeV	

  ≥	2	b-tagged	
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  Split	into	SRs	and	CRs	based	on	
number	of	jets	(Nj)	&	b-jets	(Nb)	

  Maximum	likelihood	fit		
to	all	regions	using:	
  BDT	in	SRs		

  (Inputs	in	backup)	
  More	discriminaAng	

at	higher	mass	
  HT

had	(=	ΣpTjets)	in	CRs	

CR
s	

SR
s	



H+	à	tb	:	background	modelling	
  Background	dominated	by	ubar	+	jets	producAon	

  Split	into	light/heavy	flavour	based	on	extra	jets:		u	+	light,	u	+	≥1c,	u	+	≥1b		

Modelled	using	Powheg	+	Pythia	6		
u+light	and	u+≥1c	reweighted	to		
NNLO	predicAon	for	pTubar	and	pTt	
  A.	Mitov	et	al	(arXiv:1606.03350)	

u+≥1b	kinemaAcs	reweighted	to		
NLO	Sherpa+OpenLoops	predicAon	
  Inclusive	normalisaAon	maintained	
	

  Inclusive	ubar	σ	=	832+46-51	pb		
NormalisaAon	of	u	+	≥1c	and	
u	+	≥1b	freely	floaAng	in	fit	

  BDT	trained	against		
  Only	u+≥1b	for	m(H±)	≤	500	GeV	
  All	ubar	background	for	m(H±)	≥	500	GeV	
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Pre-fit	background	descripAon	
(signal	normalised	to	1	pb)		



H+	à	tb	:	post-fit	distribuAons		
  SR	and	CR	normalisaAon		and	shape	well	described	aCer	fit	
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  Shown	here	for	300	GeV	
  (HT	&	800	GeV	BDT	in	backup)	

Post-fit	background	descripAon	
(signal	strength	slightly	<	0)		



  SystemaAc	uncertainAes	dominated	by	ubar	modelling,	especially	heavy	flavour	
	

  u	+	≥1b	NLO		
  AlternaAve	MG5_aMC@	

NLO+Pythia6	generator	
  μF/μR	

  Vary	PDFs	&	shower		
recoil	scheme	

  50%	MPI	uncertainty	
	

  u	+	≥1c	from	ME	vs	PS		
  MG5_aMC@NLO	+		

Herwig++		
	

  Inclusive		
  PS,	ME,	ISR/FSR	(as	τν)	
  Cross	secAon		

  On	the	detector	side,	the	b-tagging	and	jet	enery	scale/resoluAon	uncertainAes	are	the	
largest	contribuAons	

H+	à	tb	:	systemaAc	uncertainAes	
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Ordered	impact	on	fiued	signal	strength	for	300	&	800	GeV	H+		



H+	à	tb	:	results	
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  Observed	σ	x	BR	limit:		
  1.1	pb	-0.18	pb	
  Unlike	run	1,	no	broad	excess	

  Obs.	mh
mod-	exclusion:		

  tanβ	=	0.5		for	m(H+)	≤	855	GeV	
  Starts	to	exclude	high	tanβ	

  m(H+)	≤	380	GeV			
  Surpases	run	1	results		



Summary	
  ATLAS	has	preformed	run-2	searches	for	heavy	charged	bosons	in		
H±	à	τν	and	H±	à	tb	decays		
  ATLAS-CONF-2016-088	
  ATLAS-CONF-2016-089	

	
  Unfortunately,	no	excess	observed	but	significant	improvement	on	run	1	
exclusions	at	high	masses	
  Benefits	from	large	increase	in	producAon	cross	secAon	at	13	TeV	

  Looking	forward	to	many	new	and		
improved	H±	searches	soon	
  H+	à	tb	starAng	to	probe	high	tanβ	
  Lower	masses	can	be	probed	
  Probe	other	extended	Higgs	sectors	

  e.g.	Higgs	triplets	
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To	appear	soon	



H+	à	τν	(1)	
W+jets	CR	
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mh
mod-

	exclusion	

  2015	comparison	



H+	à	tb	(1)	
  Example	of	NNLO	pTt	
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H+	à	tb	(2)	
  BDT	details	
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H+	à	tb	(3)	
  Pre-fit	event	yields	
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H+	à	tb	(4)	
  Post-fit	event	yields	

  300	GeV	
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H+	à	tb	(5)	
  Pre-fit	plots	in	CR	
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H+	à	tb	(6)	
  Pre-fit	plots	in	SR	

300	GeV	
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H+	à	tb	(7)	
  Pre-fit	plots	in	SR	

  800	GeV	
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H+	à	tb	(8)	
  Post-fit	plots	in	CR	

  300	GeV	
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H+	à	tb	(9)	
  Post-fit	plots	in	CR	

  800	GeV	
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H+	à	tb	(10)	
  Post-fit	plots	in	SR	

  800	GeV	
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