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MoJvaJon	
  
•  The	
  existence	
  of	
  a	
  neutral,	
  pseudoscalar	
  A	
  boson	
  is	
  

predicted	
  in	
  Two	
  Higgs	
  Doublet	
  Models.	
  
•  AàZh	
  is	
  the	
  dominant	
  decay	
  mode	
  just	
  below	
  the	
  

Qbar	
  threshold.	
  	
  
–  Complementary	
  to	
  other	
  Higgs	
  searches.	
  
–  Searches	
  for	
  AàZh	
  target	
  low	
  tan(β)	
  and	
  	
  	
  	
  	
  	
  	
  	
  	
  

cos(beta-­‐alpha)	
  in	
  the	
  decoupling	
  limit	
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Analysis	
  Overview	
  

Common	
  Selec*on	
  
Single	
  Lepton	
  (and	
  Dilepton	
  for	
  τlepτlep)	
  Triggers	
  	
  

Two	
  Same-­‐Flavour,	
  Opposite	
  Sign	
  (OS)	
  Charge,	
  Isolated	
  Leptons	
  (μ/e)	
  
80	
  GeV	
  <	
  Mll	
  <	
  100	
  GeV	
  	
  

For	
  τhadτhad	
  and	
  τlepτhad:	
  75	
  <	
  Mττ	
  <	
  175	
  GeV	
  
For	
  τlepτlep:	
  90	
  <	
  Mτlep,τlep	
  <	
  190	
  GeV	
  

	
  A→Zh→llτhadτhad	
  Selec*on	
  
No	
  addiJonal	
  μ/e	
  
2	
  OS	
  charge	
  τhad	
  

pT,Z	
  >	
  min[	
  (0.64mA	
  –	
  131),	
  125]	
  GeV	
  

A→Zh→llτlepτhad	
  Selec*on	
  
Exactly	
  1	
  addiJonal	
  μ/e	
  

Exactly	
  1	
  τhad	
  
τ	
  and	
  μ/e	
  have	
  OS	
  charge	
  

A→Zh→llτlepτlep	
  Selec*on:	
  DF	
  
	
  μ	
  and	
  e	
  of	
  OS	
  charge	
  	
  

	
  

A→Zh→llτlepτlep	
  Selec*on:	
  SF	
  
2	
  μ	
  or	
  e	
  of	
  OS	
  charge	
  	
  

mμμ/ee	
  <	
  	
  80	
  GeV	
  or	
  mμμ/ee	
  >	
  100	
  GeV	
  	
  
ΔφZ,ETmiss	
  >	
  π/2	
  
ETmiss	
  >	
  30	
  GeV	
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This	
  talk	
  covers	
  the	
  search	
  for	
  the	
  decay	
  A→Zh→llττ,	
  in	
  three	
  channels	
  
that	
  are	
  defined	
  by	
  the	
  τ	
  decays.	
  	
  



 [GeV]MMC
ττm

0 50 100 150 200 250 300 350 400

Ev
en

ts
 / 

20
 G

eV

0

5

10

15

20

25
Data 2012

, SM Zh(*)ZZ

/l  backgroundτFake-

Uncertainty

 = 340 GeVAm

hadτhadτ ll→ Zh →A 

-1 = 8 TeV, 20.3 fbs

ATLAS

•  mA
rec	
  is	
  used	
  for	
  semng	
  limits/extracJng	
  signal,	
  

and	
  it	
  is	
  scaled	
  to	
  improve	
  resoluJon:	
  
	
  
•  where	
  mZ

0	
  =	
  91.1	
  GeV	
  and	
  mh
0	
  =	
  125	
  GeV,	
  and	
  

mllττ,	
  ml+l-­‐,	
  and	
  mττ	
  are	
  the	
  reconstructed	
  values.	
  

•  Mass	
  resoluJon	
  is	
  ~12-­‐13	
  GeV	
  at	
  mA	
  =	
  300	
  GeV,	
  
and	
  ~35-­‐44	
  GeV	
  at	
  mA	
  =	
  800	
  GeV.	
  

	
  

•  For	
  all	
  channels,	
  the	
  MMC	
  algorithm	
  is	
  used	
  to	
  
reconstruct	
  the	
  mass	
  of	
  the	
  h	
  boson.	
  

•  This	
  algorithm	
  uses	
  the	
  full	
  kinemaJc	
  informaJon	
  of	
  
the	
  event	
  and	
  the	
  missing	
  transverse	
  energy,	
  along	
  
with	
  informaJon	
  from	
  the	
  τ	
  decay	
  kinemaJcs,	
  to	
  find	
  
the	
  best	
  esJmate	
  of	
  the	
  di-­‐τ	
  system	
  parameters.	
  

Event	
  SelecJon:	
  MMC	
  and	
  mA
rec	
  	
  

Missing	
  Mass	
  Calculator	
  (MMC)	
   Scaled	
  A	
  boson	
  mass	
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•  The	
  backgrounds	
  of	
  these	
  three	
  channels	
  come	
  from	
  two	
  
different	
  sources:	
  

–  Irreducible	
  backgrounds:	
  These	
  primarily	
  include	
  ZZ	
  diboson	
  and	
  
SM	
  Zh,	
  and	
  refer	
  to	
  backgrounds	
  with	
  all	
  objects	
  matched	
  to	
  
truth	
  informaJon.	
  
•  These	
  backgrounds	
  are	
  esJmated	
  using	
  simulaJon.	
  

–  Reducible	
  backgrounds:	
  These	
  are	
  backgrounds	
  where	
  jets	
  are	
  
misidenJfied	
  as	
  1	
  or	
  more	
  τhad	
  or	
  lepton	
  in	
  the	
  event.	
  	
  These	
  are	
  
dominated	
  by	
  Z+jets.	
  
•  These	
  backgrounds	
  are	
  esJmated	
  using	
  data-­‐driven	
  methods.	
  

–  Other	
  backgrounds	
  considered:	
  mulJ-­‐jet	
  backgrounds	
  are	
  
negligible,	
  due	
  to	
  the	
  requirement	
  of	
  2-­‐4	
  e/μ	
  in	
  the	
  event.	
  It	
  is	
  
also	
  observed	
  that	
  backgrounds	
  with	
  e/μ	
  misidenJfied	
  as	
  τhad	
  
contribute	
  negligibly	
  to	
  the	
  signal	
  region.	
  

Background	
  EsJmaJon	
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•  For	
  llτhadτhad/llτlepτhad,	
  both	
  
channels	
  use	
  a	
  template	
  
method:	
  
–  Use	
  populated	
  control	
  region	
  to	
  
model	
  background	
  shape.	
  

–  Determine	
  the	
  normalizaJon	
  in	
  
the	
  h-­‐sidebands	
  (outside	
  the	
  
75-­‐175	
  GeV	
  mass	
  window).	
  	
  

	
  
•  For	
  llτlepτlep,	
  same	
  method	
  as	
  the	
  

SM	
  hàZZà4l	
  analysis	
  is	
  used	
  
(arXiv:1307.1427	
  [hep-­‐ex]).	
  
–  Transfer	
  factors	
  are	
  defined	
  to	
  
extrapolate	
  normalizaJon	
  of	
  non-­‐
isolated	
  control	
  regions	
  to	
  
isolated	
  regions.	
  

	
  

Reducible:	
  Template	
  Method/Control	
  Regions	
  

Region	
  A	
  =	
  Signal	
  Region	
  
Regions	
  B+C+D	
  =	
  	
  Template	
  Region	
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Final	
  Yields	
  
``⌧had⌧had 28± 6 29
``⌧lep⌧had 17± 4 18
``⌧lep⌧lep (SF) 9.5± 0.6 10
``⌧lep⌧lep (DF) 7.2± 0.7 7
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•  These	
  plots	
  show	
  the	
  limits	
  in	
  combinaJon	
  and	
  
separately	
  for	
  the	
  three	
  sub-­‐channels.	
  
–  The	
  black	
  line	
  is	
  the	
  combined	
  limit	
  
–  The	
  colored	
  doQed	
  lines	
  show	
  the	
  expected	
  limit	
  for	
  each	
  
subchannel.	
  

Limit	
  Results	
  

8	
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InterpretaJon:	
  Lepton-­‐Specific	
  2HDM	
  	
  

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

ATLAS
 = 8 TeVs

-120.3 fb

=300 GeVA mττll→Zh→A
2HDM Lepton-specific

Obs 95% CL  bandσ1±
Exp 95% CL  bandσ2±
Excluded

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

ATLAS
 = 8 TeVs

-120.3 fb

=300 GeVA mb) bνν ll (→Zh→A
2HDM Lepton-specific

Obs 95% CL  bandσ1±
Exp 95% CL  bandσ2±
Excluded

)α-βcos(

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

β
ta

n

1

10

210

•  For	
  interpretaJons	
  in	
  2HDM	
  models,	
  the	
  AàZhàllττ	
  limit	
  
(lew)	
  is	
  combined	
  with	
  that	
  of	
  AàZhàll(νν)bb	
  (right).	
  	
  

•  In	
  lepton-­‐specific	
  2HDM,	
  the	
  complementarity	
  of	
  the	
  two	
  
channels	
  is	
  visible.	
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InterpretaJon:	
  2HDM	
  	
  

•  For	
  these	
  limits,	
  the	
  AàZhàllττ	
  and	
  AàZhàll(νν)bb	
  
channels	
  are	
  combined,	
  and	
  the	
  Aàττ	
  results	
  are	
  also	
  
overlaid.	
  

•  Lepton	
  Specific	
  (lew),	
  Type-­‐I	
  (middle),	
  and	
  Type-­‐II	
  (right)	
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•  The	
  search	
  for	
  AàZh	
  is	
  parJcularly	
  useful	
  to	
  
search	
  for	
  addiJonal	
  Higgs	
  bosons	
  in	
  2HDM	
  
scenarios	
  with	
  low	
  tan(β)	
  and	
  mA	
  below	
  mQ.	
  

•  The	
  search	
  for	
  AàZhàllττ	
  is	
  performed	
  for	
  
combinaJons	
  of	
  leptonic	
  and	
  hadronic	
  τ	
  
decays.	
  
–  The	
  final	
  result	
  is	
  combined	
  with	
  the	
  

AàZhàll(νν)bb	
  search	
  for	
  interpretaJon	
  in	
  
2HDM.	
  

•  No	
  evidence	
  for	
  AàZh	
  is	
  observed	
  for	
  run-­‐1,	
  
and	
  limits	
  are	
  set	
  on	
  the	
  product	
  of	
  the	
  cross	
  
secJon	
  Jmes	
  SM	
  branching	
  raJo,	
  and	
  in	
  
various	
  2HDM.	
  

•  The	
  analysis	
  was	
  staJsJcs-­‐limited	
  in	
  run-­‐1,	
  so	
  
run-­‐2	
  will	
  be	
  an	
  interesJng	
  Jme	
  for	
  
pseudoscalar	
  A	
  searches!	
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2HDM	
  InterpretaJon:	
  Type-­‐I	
  and	
  Type-­‐II	
  

•  For	
  these	
  limits,	
  the	
  AàZhàllττ	
  and	
  AàZhàll(νν)bb	
  channels	
  are	
  
combined,	
  and	
  the	
  Aàττ	
  results	
  are	
  also	
  overlaid.	
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