
Allison	
  McCarn	
  (University	
  of	
  Michigan)	
  

ATLAS	
  Results	
  in	
  the	
  Search	
  for	
  a	
  Charged	
  
Higgs	
  Boson	
  

1	
  



Mo@va@on	
  

2	
  

•  The	
  existence	
  of	
  a	
  charged	
  Higgs	
  
boson	
  (H±)	
  is	
  predicted	
  in	
  Two	
  Higgs	
  
Doublet	
  Models.	
  
–  The	
  Higgs	
  sector	
  of	
  the	
  MSSM	
  is	
  a	
  

type-­‐II	
  2HDM.	
  

	
  
Produc'on:	
  

At	
  the	
  LHC,	
  the	
  dominant	
  produc@on	
  mode	
  of	
  a	
  
light	
  H±	
  	
  (mH±	
  <	
  mtop	
  )	
  is	
  t→H±	
  b.	
  

	
  
A	
  heavy	
  H±	
  (mH±	
  >	
  mtop	
  )	
  could	
  be	
  produced	
  by	
  gb	
  

or	
  gluon	
  fusion.	
  	
  

Light	
  H±	
  

Heavy	
  H±	
  

Example	
  Tree-­‐Level	
  Diagrams	
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Decay:	
  
The	
  decay	
  channels	
  of	
  H±	
  depend	
  

on	
  mH±	
  and	
  tanβ.	
  
	
  
mH±	
  <	
  mtop	
  and	
  tanβ	
  >	
  3	
  

Ø H±	
  →τν	
  dominates	
  
	
  
mH±	
  >	
  mtop	
  

Ø H±	
  →	
  tb	
  dominates	
  
Ø H±	
  →τν	
  is	
  a	
  substan@al	
  
channel.	
  	
  	
  

	
  

•  MSSM	
  scenarios	
  can	
  be	
  described	
  by	
  two	
  
parameters,	
  mH±	
  and	
  tan(β).	
  

•  Searches	
  for	
  H±àτν	
  are	
  especially	
  sensi@ve	
  
for	
  high	
  tan(β)	
  and	
  rela@vely	
  low	
  mH±.	
  
–  The	
  produc@on	
  cross	
  sec@on	
  increases	
  with	
  

center-­‐of-­‐mass	
  energy,	
  so	
  increases	
  in	
  energy	
  
extend	
  the	
  search’s	
  sensi@vity	
  to	
  higher	
  mH±.	
  

	
  arXiv:1201.3084	
  

	
  arXiv:1101.0593	
  

Light	
  H±	
  

Heavy	
  H±	
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l 	
  The	
  channels	
  included	
  in	
  this	
  search	
  are:	
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l 	
  The	
  channels	
  included	
  in	
  this	
  search	
  are:	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
l 	
  The	
  Background	
  contribu@ons	
  are	
  split	
  up	
  	
  	
  
	
  by	
  the	
  origin	
  of	
  the	
  τ	
  in	
  the	
  event:	
  

l  all	
  jet	
  →	
  τ	
  fakes	
  (data-­‐driven)	
  
l  events	
  with	
  true	
  τ	
  (embedding)	
  
l  events	
  with	
  lepton	
  →	
  τ	
  fakes	
  (MC)	
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l 	
  The	
  channels	
  included	
  in	
  this	
  search	
  are:	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
l 	
  The	
  Background	
  contribu@ons	
  are	
  split	
  up	
  	
  	
  
	
  by	
  the	
  origin	
  of	
  the	
  τ	
  in	
  the	
  event:	
  

l  all	
  jet	
  →	
  τ	
  fakes	
  (data-­‐driven)	
  
l  events	
  with	
  true	
  τ	
  (embedding)	
  
l  events	
  with	
  lepton	
  →	
  τ	
  fakes	
  (MC)	
  

	
  
l 	
  The	
  final	
  discrimina@ng	
  variable:	
  	
  
	
  	
  
	
  
	
  
is	
  related	
  to	
  transverse	
  mass	
  of	
  W	
  boson	
  for	
  background	
  events	
  (with	
  W	
  →	
  τν),	
  	
  
and	
  H⁺	
  boson	
  for	
  signal	
  events	
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Event	
  Selec@on	
  
τ+ETmiss	
  trigger	
  

3(4)	
  jets	
  for	
  high	
  (low)	
  mH±,	
  and	
  ≥1	
  b-­‐tagged	
  jet	
  
1	
  τ	
  and	
  no	
  e	
  or	
  μ	
  

ETmiss	
  >	
  80	
  (65)	
  GeV	
  for	
  high	
  (low)	
  mH±	
  
ETmiss/√(ΣpTPV,track)	
  >	
  6	
  (6.5)	
  GeV1/2	
  high	
  (low)	
  mH±

	
  

mT	
  >	
  40	
  (20)	
  GeV	
  for	
  high	
  (low)	
  mH±	
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Backgrounds:	
  jetàτ	
  

	
  
	
  
	
  
	
  

where	
  NL/T	
  =	
  #	
  of	
  events	
  with	
  loose-­‐
but-­‐not-­‐'ght/'ght	
  τ,	
  

Nm/r	
  =	
  #	
  of	
  events	
  with	
  real/
misiden'fied	
  τ,	
  

	
  
This	
  equa'on	
  is	
  solved	
  to	
  find	
  

weights	
  to	
  be	
  applied	
  to	
  data	
  events:	
  
	
  
	
  

pr	
  =	
  Nr
T	
  /	
  (Nr

T+Nr
L) 	
  	
  

pm	
  =	
  Nm
T	
  /	
  (Nm

T+Nm
L)	
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This	
  method	
  relies	
  on	
  four	
  categories	
  of	
  hadronically	
  decaying	
  τ:	
  
ü  ‘Loose’:	
  passes	
  all	
  object	
  selec@on	
  (pT,	
  η,	
  trigger-­‐matched),	
  but	
  not	
  τ	
  iden@fica@on	
  cut.	
  
ü  ‘Tight’:	
  passes	
  ‘Loose’	
  selec@on	
  and	
  τ	
  iden@fica@on	
  cut	
  
ü  ‘Real’:	
  a	
  reconstructed	
  object	
  passing	
  ‘loose’	
  or	
  ‘@ght’	
  selec@on	
  that	
  is	
  a	
  τ.	
  
ü  ‘Misiden'fied’:	
  a	
  reconstructed	
  object	
  passing	
  ‘loose’	
  or	
  ‘@ght’	
  selec@on	
  that	
  is	
  a	
  jet.	
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Backgrounds:	
  jetàτ	
  

pr	
  =	
  Nr
T	
  /	
  (Nr

T+Nr
L) 	
  	
  

pm	
  =	
  Nm
T	
  /	
  (Nm

T+Nm
L)	
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ü  pr	
  is	
  measured	
  in	
  simula@on	
  and	
  calibrated	
  to	
  data.	
  
ü  pm	
  is	
  measured	
  in	
  a	
  W+jets	
  control	
  region	
  in	
  data	
  (shown).	
  

	
  
Both	
  are	
  parameterized	
  as	
  a	
  func@on	
  of	
  τ	
  pT,	
  τ	
  η,	
  and	
  Ntrack

iso
.	
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Backgrounds	
  with	
  True	
  τhad:	
  τhad	
  Embedding	
  
v	
  events	
  decaying	
  to	
  “τhad	
  +jets”	
  cannot	
  be	
  
selected	
  in	
  data	
  without	
  significant	
  signal	
  

contamina@on.	
  
	
  

μ+jets	
  events	
  can	
  be	
  selected	
  in	
  data	
  
instead,	
  with	
  high	
  purity	
  and	
  low	
  signal	
  

contamina@on.	
  
	
  

The	
  τhad	
  embedding	
  method	
  uses	
  μ+jets	
  
data	
  events,	
  where	
  the	
  μ	
  is	
  replaced	
  with	
  a	
  

simulated	
  τhad.	
  
	
  

t

νν

l+

W 
+

b

tW 
–

b

q

q'

The	
  dominant	
  source	
  of	
  
background	
  with	
  true	
  τhad	
  is	
  v	
  

events.	
  	
  
	
  

μ+jets	
  event	
  in	
  data	
   Simulated	
  τhad	
   Embedded	
  event	
  

10	
  



Final	
  yields	
  
and	
  

distribu@ons	
  
are	
  consistent	
  

with	
  the	
  
Standard	
  
Model.	
  

Final	
  Results	
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•  Limits	
  are	
  also	
  interpreted	
  in	
  various	
  MSSM	
  scenarios.	
  	
  Shown	
  here	
  is	
  the	
  MSSM	
  
benchmark	
  scenario	
  mh-­‐mod+.	
  

•  mh-­‐mod+	
  is	
  a	
  modifica@on	
  of	
  the	
  previously	
  standard	
  MSSM	
  mh-­‐max	
  scenario,	
  designed	
  to	
  
increase	
  the	
  amount	
  of	
  parameter	
  space	
  consistent	
  with	
  ‘h’	
  as	
  the	
  observed	
  Higgs	
  boson.	
  

MSSM	
  Interpreta@ons	
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More	
  informa@on	
  on	
  benchmark	
  scenarios:	
  [arXiv:1302.7033]	
  



•  The	
  latest	
  ATLAS	
  search	
  for	
  a	
  charged	
  Higgs	
  boson	
  sets	
  
exclusion	
  limits	
  in	
  the	
  ranges	
  of	
  mH±	
  =	
  80-­‐160	
  GeV	
  and	
  
mH±	
  =	
  180-­‐1000	
  GeV.	
  

•  For	
  the	
  lower	
  mass	
  range,	
  this	
  places	
  stringent	
  limits	
  
on	
  many	
  MSSM	
  benchmark	
  scenarios.	
  

•  With	
  the	
  higher	
  run-­‐2	
  center-­‐of-­‐mass	
  energy	
  at	
  the	
  
LHC,	
  the	
  sensi@vity	
  of	
  the	
  search	
  at	
  high	
  mass	
  will	
  
increase!	
  

Summary	
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•  The	
  trigger	
  scale	
  factors	
  used	
  for	
  the	
  analysis	
  are	
  taken	
  from	
  con@nuous	
  
func@ons	
  fit	
  to	
  the	
  efficiency	
  curves	
  of	
  data	
  and	
  simula@on	
  for	
  the	
  τ	
  and	
  ETmiss	
  
triggers,	
  separately	
  for	
  1-­‐	
  and	
  3-­‐prong	
  τ.	
  

Trigger	
  Scale	
  Factors	
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•  These	
  show	
  the	
  reduc@on	
  of	
  systema@c	
  uncertain@es	
  
when	
  using	
  embedding	
  instead	
  of	
  the	
  usual	
  simula@on.	
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Backgrounds:	
  true	
  τ	
  embedding	
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l 	
  	
  No	
  trigger	
  is	
  available	
  in	
  embedded	
  samples:	
  trigger	
  efficiency	
  	
  
	
  binned	
  in	
  pT	
  of	
  the	
  τ	
  and	
  ETmiss	
  (taken	
  from	
  data)	
  applied	
  to	
  events	
  	
  
	
  
l 	
  Normaliza@on	
  is	
  taken	
  from	
  data:	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
l 	
  Systema@c	
  uncertain@es:	
  

l  vary	
  muon	
  isola@on	
  to	
  study	
  effect	
  of	
  addi@onal	
  QCD	
  
l  vary	
  embedding	
  se�ngs	
  to	
  es@mate	
  poten@al	
  biases	
  introduced	
  by	
  
embedding	
  parameter	
  se�ngs	
  

l  τ	
  in	
  final	
  event	
  comes	
  from	
  simula@on:	
  TES,	
  τ	
  ID	
  systema@c	
  uncertain@es	
  	
  
l  normaliza@on	
  systema@cs	
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Backgrounds:	
  true	
  τ	
  embedding	
  

wrongly	
  embedded	
  	
  
W	
  →	
  τ	
  →	
  µ	
  events	
   muon	
  trigger	
  and	
  

reconstruc@on	
  efficiencies	
  

branching	
  ra@o	
  for	
  τ	
  →	
  had	
  



•  Due	
  to	
  low	
  sta@s@cs	
  in	
  the	
  tail	
  of	
  the	
  distribu@on,	
  the	
  background	
  
es@ma@on	
  is	
  improved	
  by	
  the	
  use	
  of	
  a	
  power	
  log	
  func@on	
  
extrapola@on.	
  

Backgrounds:	
  jetàτ	
  mT	
  tail	
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•  Summary	
  of	
  systema@c	
  uncertain@es.	
  

Systema@c	
  Uncertain@es	
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Source of uncertainty Low-mass H+ selection High-mass H+ selection
Muon selection < 1% < 1%
Misidentified ⌧hadvis 5.6% 5.7%
Fitting function 2.1% 1.8%
Trigger definition < 1% < 1%
Residual correlations 1.4% 3.2%
⌧hadvis energy scale < 1% < 1%

Source of uncertainty Low-mass H+ selection High-mass H+ selection
True ⌧had

Embedding parameters 3.0% 1.8%
Muon isolation 0.3% 2.3%
Parameters in normalisation 2.0% 2.0%
⌧hadvis identification 2.2% 2.0%
⌧hadvis energy scale 4.0% 3.6%
⌧hadvis + Emiss

T trigger 8.3% 8.3%
Jet ! ⌧hadvis
Statistical uncertainty on pm 2.0% 3.4%
Statistical uncertainty on pr 0.5% 0.5%
Jet composition 1.1% 1.9%
⌧hadvis identification 0.8% 0.6%
e/µ contamination 0.5% 0.7%

Source of uncertainty Normalisation uncertainty
Low-mass H+

Generator model (bb̄W�H+) 9%
Generator model (bb̄W+W�) 9%
tt̄ cross section 6%
Jet production rate (SM and H+) (QCD scale) 11%
High-mass H+

Generator model (H+) 2�9%
Generator model (SM) 8%
tt̄ cross section 6%
Jet production rate (H+) (QCD scale) 1�2%
Jet production rate (SM) (QCD scale) 11%
H+ production (4FS vs 5FS) 3�5%
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Similar	
  exclusion	
  is	
  seen	
  for	
  these	
  addi@onal	
  
scenarios	
  at	
  low	
  mH±.	
  Addi@onally,	
  the	
  low-­‐mH	
  
scenario	
  is	
  excluded	
  for	
  all	
  parameter	
  space	
  

where	
  it	
  is	
  valid.	
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