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•  Introduction


•  Search for ttH production at ATLAS



ü  ttH, Hàγγ  with 79.1 fb-1



ü  ttH, HàZZ* with 79.1 fb-1



ü  ttH in multi-lepton with 36.1 fb-1 



ü  ttH, Hàbb with 36.1 fb-1



•  Combined results and summary
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Higgs	
  Produc<on	
  at	
  LHC 
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²  87.2%:	
  gluon-­‐gluon	
  fusion	
  (ggF)	
  
²  	
  	
  6.8%:	
  vector	
  boson	
  fusion	
  (VBF)	
  
²  	
  	
  4.1%:	
  WH/ZH	
  
²  	
  	
  0.9%:	
  PH	
  
² Observed	
  modes:	
  ggF	
  and	
  VBF	
  
²  Cross	
  sec<ons	
  increases	
  from	
  Run	
  I	
  

to	
  Run	
  II	
  by	
  a	
  factor	
  of	
  3.9	
  for	
  PH	
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Higgs	
  Boson	
  Decays 
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  Ma	
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γγ,	
  ZZ*,	
  WW*,	
  ττ	
  observed	
  in	
  Run	
  I	
  
(significance	
  >5σ)	
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In	
  order	
  to	
  maximize	
  the	
  analysis	
  
sensiSvity,	
  all	
  possible	
  Higgs	
  decay	
  
modes	
  of	
  bb,	
  WW*,	
  γγ,	
  ZZ*,	
  ττ	
  	
  are	
  
analyzed	
  in	
  searching	
  for	
  WH	
  
process.	
  

Importance	
  of	
  WH:	
  
Ø  Establish	
  one	
  of	
  the	
  main	
  Higgs	
  

producSon	
  modes	
  
Ø  Direct	
  measurement	
  of	
  Higgs	
  

coupling	
  to	
  top	
  quark,	
  the	
  heaviest	
  
parScle	
  in	
  SM	
  



ATLAS	
  Detector 
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Data	
  Collected	
  by	
  ATLAS 
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EvoluSon	
  of	
  WH	
  results	
  from	
  ATLAS	
  experiment:	
  
²  Run	
  I	
  (	
  20.3	
  `-­‐1):	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2.5	
  σ	
  (1.5	
  σ	
  expected)	
  
²  Run	
  I	
  +	
  Run	
  II	
  (36.1	
  `-­‐1):	
  	
  	
  	
  	
  	
  	
  	
  4.2	
  σ	
  (3.8	
  σ	
  expected)	
  	
  
²  Run	
  I	
  +	
  Run	
  II	
  up	
  to	
  78.1	
  b-­‐1:	
  	
  observaSon	
  in	
  this	
  talk	
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WH,	
  	
  Hàγγ	
  
2γ+4j+2b	
  
Mγγ=	
  124.3GeV	
  



PH,	
  Hàγγ：Analysis	
  Overview 
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Ø  Further	
  categorizaSon	
  on	
  
selected	
  events	
  with	
  high	
  	
  BDT	
  
score:	
  3/4	
  bins	
  for	
  the	
  leptonic/
hadronic	
  category,	
  based	
  on	
  
expected	
  sensiSvity	
  opSmizaSon	
  

Ø  50%	
  improvement	
  in	
  sensiSvity:	
  
changes	
  in	
  analysis	
  strategy	
  and	
  
update	
  to	
  ATLAS	
  solware	
  

Ø  Small	
  rate,	
  but	
  Higgs	
  signal	
  as	
  a	
  narrow	
  peak	
  
Ø  Leptonic	
  (≥1l )	
  and	
  hadronic	
  (0l )	
  	
  categories	
  based	
  on	
  Wbar	
  decay	
  
Ø  BDT	
  training	
  WH	
  (MC)	
  from	
  the	
  main	
  backgrounds:	
  γγ/Wγγ	
  (Control	
  

Regions),	
  and	
  other	
  Higgs	
  (MC)	
  	
  



PH,	
  Hàγγ：Event	
  Yield 
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Look	
  at	
  the	
  mγγ	
  
for	
  each	
  category	
  



Simultaneous	
  unbinned	
  fit	
  
performed	
  on	
  mγγ	
  spectra	
  
(105-­‐160	
  GeV)	
  in	
  all	
  7	
  
categories	
  
	
  
Signal	
  with	
  double-­‐sided	
  
Crystal	
  Ball	
  funcSon	
  

PH,	
  Hàγγ:	
  Result 
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Ø  Significance:	
  
	
  	
  	
  	
  	
  	
  	
  	
  4.1σ	
  (exp.	
  3.7	
  σ)	
  
Ø  Dominant	
  systemaScs:	
  

§  Stats.:	
  29%	
  
§  WH	
  PS	
  model:	
  8%	
  



PH,	
  HàZZ*：Analysis	
  Overview 
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Ø  Hadronic	
  region:	
  4-­‐lep	
  +	
  >=1b-­‐jet	
  +	
  >=3j	
  +	
  addiSonal	
  lepton	
  veto	
  
Ø  Leptonic	
  region:	
  	
  4-­‐lep	
  +	
  >=1b-­‐jet	
  +	
  	
  >=1jv+	
  >=	
  1	
  lepton	
  
Ø  Final	
  fit	
  to	
  the	
  event	
  yields	
  in	
  2	
  hadronic	
  BDT	
  bins	
  and	
  1	
  leptonic	
  region	
  

with	
  4-­‐lep	
  mass	
  window	
  of	
  115	
  GeV	
  <	
  m4l <135	
  GeV	
  

hadronic	
  



PH,	
  HàZZ*：Analysis	
  Result 
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Ø  The	
  expected	
  significance	
  
is	
  1.2	
  σ	
  

Ø No	
  event	
  is	
  observed	
  	
  

Ø More	
  staSsScs	
  needed	
  for	
  
this	
  analysis	
  



PH	
  in	
  mul<-­‐lepton:	
  Analysis	
  Overview 
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•  Signals	
  mainly	
  from	
  HàWW*	
  and	
  Hàττ,	
  small	
  from	
  HàZZ*	
  
•  Signature:	
  2-­‐4	
  leptons	
  (τhad),	
  	
  >=	
  2-­‐jets	
  and	
  >=	
  1	
  b-­‐jet	
  
•  Main	
  backgrounds:	
  WW/WZ	
  from	
  MC	
  but	
  validated	
  to	
  data,	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  non-­‐prompt	
  bkg.	
  (mainly	
  Wbar)	
  is	
  data-­‐driven	
  
•  Dominant	
  syst.:	
  esSmaSons	
  for	
  fake	
  lepton	
  and	
  non-­‐prompt	
  bkg.	
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PH	
  in	
  mul<-­‐lepton:	
  	
  8	
  SRs 
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Signal	
  extracted	
  by	
  a	
  binned	
  fit	
  to	
  all	
  categories:	
  	
  8	
  signal	
  regions	
  
as	
  below,	
  and	
  4	
  control	
  regions	
  (WZ,	
  WW,	
  di-­‐boson,	
  Wbar	
  in	
  3-­‐lep)	
  



PH	
  in	
  mul<-­‐lepton:	
  Results 
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Ø  Signal	
  strength:	
  1.6+0.5-­‐0.4	
  
Ø  Significance:	
  	
  	
  	
  	
  	
  	
  4.1	
  σ	
  (expected	
  2.8	
  σ)	
  
Ø  Dominant	
  systemaScs:	
  

•  WH	
  modelling	
  (+0.20,	
  -­‐0.09)	
  
•  Jet	
  energy	
  scale/resoluSon	
  (+0.18,	
  -­‐0.15)	
  
•  Non-­‐prompt	
  e/μ	
  (+0.15,	
  -­‐0.13),	
  limited	
  stats.	
  



PH	
  candidate	
  evt.	
  
ee0τhad+	
  3	
  b-­‐jets	
  +	
  6	
  l-­‐jets	
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PH,	
  Hàbb 

Lianliang	
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Ø  Events	
  categorized	
  based	
  on	
  leptons,	
  n-­‐jets,	
  b-­‐tag	
  score	
  of	
  
jets:	
  9	
  signal	
  regions	
  +	
  10	
  control	
  regions	
  

Ø  Main	
  bkg.:	
  W+heavy	
  flavour,	
  difficult	
  to	
  predict	
  from	
  MC	
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PH,	
  Hàbb 
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Ø  The	
  simultaneous	
  	
  fit	
  to	
  the	
  discriminant	
  distribuSons	
  from	
  all	
  categories:	
  	
  
	
  	
  	
  	
  	
  	
  	
  BDT	
  in	
  signal	
  regions,	
  total	
  event	
  yields	
  in	
  CRs	
  except	
  2	
  CRs	
  for	
  W	
  +	
  ≥1c in	
  5j	
  
	
  	
  	
  	
  	
  	
  	
  and	
  6j	
  ((HT

had:	
  scalar	
  sum	
  of	
  jet	
  pt)	
  
Ø  Significance:	
  1.4	
  σ	
  (	
  expected	
  1.6	
  σ)	
  
Ø  SystemaScally	
  limited,	
  and	
  dominant	
  syst.:	
  	
  	
  signal	
  and	
  bkg.	
  modeling,	
  JES,	
  b-­‐

tagging,	
  such	
  as	
  W+≥1b	
  modeling	
  (±0.46	
  on	
  mu)	
  	
  	
  



PH	
  Combined	
  Results 
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Significance	
  

obs.	
   exp.	
  

1.6σ	
   1.4σ	
  

4.1σ	
   2.8σ	
  

4.1σ	
   3.8σ	
  

0	
  σ	
   1.2σ	
  

5.8σ	
   4.9σ	
  

Ø ObservaSon	
  of	
  WH	
  producSon	
  with	
  13	
  TeV	
  dataset	
  only	
  
Ø  6.3	
  σ	
  	
  with	
  combinaSon	
  with	
  Run	
  I	
  data	
  (5.1	
  σ	
  expected)	
  



PH	
  Combined	
  Results 
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σ
t t
−
H
(13TeV ) = 670± 90(stat.)−100

+100 (sys.) fb

σ
t t
−
H ,SM

(13TeV ) = 507±−50
+35 (sys.) fb



Ø ObservaSon	
  of	
  WH	
  producSon	
  with	
  a	
  significance	
  of	
  6.3	
  σ	
  
(expected	
  5.1	
  σ)	
  

² Signal	
  strength:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  	
  	
  higher	
  than	
  the	
  SM	
  

predicSon,	
  but	
  compaSble	
  at	
  1σ	
  level	
  

Lianliang	
  Ma	
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  U.) 

Summary 
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1.32± 0.18(stat.)−0.19
+0.21 (sys.)
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Thanks! 
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Higgs	
  Produc<on 
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PH,	
  Hàγγ:	
  Mass	
  Spectrum 
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Weighted	
  Unweighted	
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WH,	
  HàZZ*à4	
  leptons	
  



Event	
  Selec<on	
  in	
  PH,	
  mul<-­‐lepton 
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PH,	
  Hàbb	
  Category 
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Search	
  for	
  PH	
  Process 
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✔	
   ✔	
  

✔	
  

þ

þ✗	
  

✗	
  

Importance:	
  
Ø  Establish	
  one	
  of	
  the	
  

main	
  Higgs	
  producSon	
  
modes	
  

Ø  Direct	
  measurement	
  
of	
  Higgs	
  coupling	
  to	
  
top	
  quark,	
  the	
  
heaviest	
  parScle	
  in	
  SM	
  


