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Introduc8on:	  the	  Observed	  Boson 
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Introduc8on:	  SM	  Higgs	  at	  LHC	   
²  SM	  Higgs	  @125	  GeV:	  BR(bb)	  =	  57.7%;	  BR(ττ)	  =	  6.3%;	  BR(μμ)=0.02%	  
²  Searches	  with	  fermion	  final	  states	  are	  important	  for	  the	  Higgs	  

iden8fica8on	  and	  property	  studies	  	  
²  Studies	  for	  H-‐>bb:	  WH/ZH,	  `H,	  VBF	  
²  For	  H-‐>ττ	  and	  H-‐>μμ:	  ggF,	  VBF,	  WH/ZH	  
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VH,	  H-‐>bb	  @ATLAS 

WH-‐>μνbb ü  Introduc8on	  

ü  Strategy	  

ü  Backgrounds	  

ü  Systema8cs	  

ü  Results	  
 

² ATLAS-‐CONF-‐2013-‐079	  with	  the	  full	  datasets	  
² Previous	  results:	  	    	  

ü  4.7	  e-‐1	  +	  13.0	  e-‐1	  (8	  TeV),	  ATLAS-‐CONF-‐2012-‐161	  
ü  4.7	  e-‐1	  7TeV:	  ATLAS-‐CONF-‐2012-‐135,	  Phys.	  Le).	  B	  718	  (2012)	  369-‐390	  
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VH,	  H-‐>bb:	  Introduc8on 

0,	  1,	  2-‐leptons 

2,	  3	  jets 

MET 

W/Z	  mass 

0-‐lepton 1-‐lepton 2-‐lepton 
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VH,	  H-‐>bb:	  Analysis	  Strategy 
² Global	  fit	  to	  the	  mbb	  distribu8ons	  (57	  regions)	  
² Two	  types	  of	  signal	  regions	  (SR)	  to	  maximize	  the	  sensi8vity:	  	  
	  	  	  	  	  2-‐jet	  and	  3-‐jets	  in	  which	  2	  b-‐tagged	  jets	  (MV1@70%,	  rejec8on	  
	  	  	  	  	  factors	  of	  5	  and	  150	  against	  c	  and	  light	  jets)	  
² Control	  regions	  (CR):	  2-‐jet	  and	  3-‐jet	  with	  1	  b-‐tagged	  jet,	  and	  the	  

top	  control	  region	  in	  2-‐lepton	  

Regions 2-‐jet,	  	  
1-‐tag 

3-‐jet,	  	  
1-‐tag 

2-‐jet,	  
	  2-‐tag 

3-‐jet,	  	  
2-‐tag 

	  Top	  eμ 

0-‐lep	  (3	  pTV	  bins) CR CR	   SR SR 
1-‐lep	  (5	  pTV	  bins) CR	   CR SR SR 
2-‐lep	  (5	  pTV	  bins) CR CR SR SR CR 

pTV	  bin	  
(GeV) 

0-‐90	  
1,	  2-‐lep 

90-‐120	  
1,	  2-‐lep 

120-‐160	  
all 

160-‐200	  
all 

>	  200	  
all 
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VH,	  H-‐>bb:	  Background	  Modeling 
² Backgrounds	  considered:	  	  

-  	  W+heavy-‐jets,	  Z+heavy-‐jets,	  Zbar:	  mbb	  from	  MC,	  but	  normaliza8on	  
factors	  (NF)	  floa8ng	  in	  the	  final	  fit	  to	  data	  

-  QCD:	  data-‐driven,	  floa8ng	  in	  1-‐lep,	  fixed	  in	  0,	  2-‐lep	  with	  100%	  uncert.	  
-  Di-‐boson,	  single-‐top,	  W+light-‐jets,	  Z+light-‐jets:	  MC	  simula8on	  	  

² ΔΦjj	  correc8on	  applied	  to	  V+jets	  MC	  (Sherpa	  Leading	  Order)	  
²  	  Top	  pT	  	  correc8on	  applied	  at	  the	  level	  of	  generated	  top	  quarks	  for	  

the	  `bar	  sample	  (POWHEG	  +	  PYTHIA) 
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VH,	  H-‐>bb:	  Systema8c	  Uncertain8es 

² Uncertain8es	  on	  the	  simulated	  backgrounds	  
ü Main	  uncertain8es:	  jet	  mul8plici8es,	  pTV	  distribu8ons,	  flavor	  

composi8on,	  and	  the	  mbb	  distribu8ons	  
ü  Es8mated	  as	  the	  differences	  between	  different	  generators,	  or	  

between	  different	  tunes	  of	  the	  generator,	  or	  data/MC	  in	  CRs	  
² Experimental	  uncertain8es	  

ü  Trigger,	  object	  reconstruc8on	  and	  iden8fica8on,	  energy	  and	  
momentum	  calibra8on	  and	  resolu8on	  among	  which	  the	  JES	  
and	  b-‐tagging	  efficiencies	  are	  the	  largest	  ones	  

ü  Lumi:	  1.8%	  for	  7	  TeV,	  and	  2.8%	  for	  8	  TeV	  
² Theore8cal	  uncertain8es	  on	  the	  signal:	  PDFs,	  BR,	  renormaliza8on	  

and	  factoriza8on	  and	  acceptance	  
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VH,	  H-‐>bb:	  Limit	  and	  p0	  on	  SM	  Higgs 
² Higgs	  fit	  with	  Higgs	  signal	  normaliza8on	  floa8ng,	  di-‐boson	  varied	  

within	  the	  uncertain8es	  
² No	  significant	  excess	  observed	  
² For	  mH=125	  GeV,	  the	  upper	  limit	  at	  95%	  C.L.	  is	  1.4	  8mes	  the	  SM	  

predic8on	  with	  1.3	  as	  expected,	  with	  the	  CLs	  method.	  
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VH,	  H-‐>bb:	  Fit	  Results	  for	  Higgs	   

² Fit	  results	  for	  each	  year	  
and	  each	  channel	  

² 7	  TeV:	  deficit	  w.r.t.	  the	  SM	  
expecta8on	  

	  

²  	  8	  TeV	  indica8ng	  excess	  
	  

² Final	  combina8on:	  
	  	  	  	  	  μ=σmeas./σSM	  

	  	  	  	  	  	  	  =	  0.2+0.7-‐0.6	  
	  
² Results	  dominated	  by	  the	  

sta8s8cal	  uncertainty	  
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ZH,	  H-‐>bb:	  Introduc8on 

² Analysis	  done	  on	  7	  TeV	  of	  4.7	  e-‐1:	  ATLAS-‐CONF-‐2012-‐135	  
² Topology:	  one	  high-‐pT	  isolated	  e/μ,	  high	  MET,	  6	  jets	  with	  4	  b’s	  
² 9	  analysis	  categories:	  4	  signal	  regions	  +	  5	  control	  regions	  

-  2	  with	  mbb	  as	  discriminant:	  	  ≥	  6	  jets	  with	  3	  or	  >=4	  b-‐jets	  
-  2	  with	  HT

had(scale	  sum	  of	  pT	  of	  jets):	  5	  jets	  with	  3	  or	  >=4	  b-‐jets	  
-  5	  with	  HT

had	  as	  control	  regions	  for	  background	  normaliza8on	  
≥	  6	  jets	  with	  2	  b	  tags;	  5	  jets	  with	  2	  b	  tags;	  4	  jets	  with	  0,	  1,	  ≥2	  b	  tags	  

² Background	  modeling:	  
-  QCD:	  data-‐driven	  using	  the	  “Matrix	  Method”	  technique	  
-  W+jets:	  shape	  from	  MC,	  normaliza8on	  based	  on	  data	  (charge	  asymmetry)	  
-  Others:	  MC	  

² Main	  systema8c	  uncertain8es:	  theore8cal	  ones	  on	  normaliza8on;	  
heavy	  flavor	  frac8ons;	  b-‐tagging	  efficiency;	  JES.	  
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ZH,	  H-‐>bb:	  Post-‐fit	  Distribu8ons 
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ZH,	  H-‐>bb:	  Results 
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The	  observed	  upper	  limits	  at	  95%	  
C.L.	  on	  σ×Br	  is	  13.1	  8mes	  the	  SM	  
predic8on	  with	  10.5	  as	  expected	  	   
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H-‐>μμ:	  Introduc8on 

² Analysis	  done	  on	  8	  TeV	  of	  20.7	  e-‐1:	  ATLAS-‐CONF-‐2013-‐010	  
² Only	  channel	  to	  measure	  the	  Higgs	  coupling	  to	  the	  second	  

genera8on	  fermions	  at	  the	  LHC	  
² Clean	  final-‐state	  signature,	  but	  very	  challenging	  due	  to	  8ny	  S/B	  

² Signal:	  ggF,	  VBF,	  and	  VH	  modes,	  with	  the	  backgrounds	  of	  Z+jets,	  
top,	  WW,	  W+jets,	  and	  WZ/ZZ/Wγ	  

² Selec8on:	  exactly	  two	  oppositely	  charged	  muons	  (pTμ	  >	  25,	  15	  GeV)	  
	  	  	  	  	  pTμ+μ-‐	  >	  15	  GeV	  

² Two	  categories:	  central	  (|η(μ1,μ2)|	  <	  1),	  and	  non-‐central	  
² Fit	  the	  mμ+μ-‐	  with	  two	  pdf’s	  for	  the	  signal	  and	  backgrounds:	  

-  Signal:	  sum	  of	  	  the	  Crystal	  Ball	  (CB)	  and	  Gaussian	  (GS)	  	  
-  Backgrounds:	  sum	  of	  the	  Breit-‐Wigner	  (BW)	  and	  exponen8al	  

² Systema8cs:	  	  
-  Theore8cal	  sources:	  cross	  sec8on,	  BR,	  generator	  se�ng	  
-  Experimental	  uncertain8es,	  dominated	  by	  the	  luminosity	  
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H-‐>μμ	  :	  Analysis	  Result 

² The	  observed	  upper	  limit	  at	  the	  95%	  C.L.	  
for	  Higgs@125	  GeV	  is	  9.8	  8mes	  the	  SM	  
predic8on,	  with	  the	  expected	  of	  8.2	  

² More	  data	  needed	  to	  improve	  the	  
sensi8vity	  
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H-‐>ττ	  @ATLAS 

ü  Introduc8on	  

ü  Event	  selec8on	  

ü  Backgrounds	  

ü  Systema8cs	  

ü  Results	  
 

² ATLAS-‐CONF-‐2012-‐160:	  4.6	  e-‐1	  @7	  TeV,	  13.0	  e-‐1	  @8	  TeV	  

VBF,	  H-‐>μτhad 
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H-‐>ττ:	  Introduc8on 

² H-‐>τ+τ-‐	  :	  the	  most	  promising	  mode	  to	  observe	  Higgs	  direct	  decay	  
to	  fermions;	  poten8al	  contribu8on	  to	  couplings	  measurement	  

² According	  to	  the	  decay	  modes	  of	  the	  2	  tau’s,	  the	  analysis	  
categorized	  into:	  lep-‐lep,	  lep-‐had,	  had-‐had	  	  

	  
²  Iden8fying	  hadronic	  tau	  decays:	  

-  BDT-‐based	  τhad	  ID	  using	  both	  	  
	  	  	  	  	  tracking	  and	  calorimeter	  informa8on:	  	  

ü  50%	  (30%)	  eff.	  for	  medium	  	  
	  	  	  	  (8ght)	  iden8fica8on	  
ü  Jet	  acceptance	  is	  kept	  below	  1%	  
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H-‐>ττ:	  Analysis	  Strategy 
² Analysis	  categories	  mo8vated	  by	  Higgs	  produc8on	  modes:	  

-  VBF:	  2	  forward	  jets	  in	  opposite	  hemispheres	  
-  Boosted:	  gg	  fusion	  with	  Boosted	  Higgs	  to	  improve	  mass	  resolu8on	  
-  VH:	  mul8-‐jet	  events	  with	  different	  kinema8cs	  from	  VBF	  
-  0j/1j:	  ggF	  except	  from	  the	  above	  

²  	  Missing	  Mass	  Calculator	  (MMC)	  with	  13-‐20%	  mass	  resolu8on,	  
used	  as	  the	  final	  discriminant	  (except	  the	  7	  TeV	  lep-‐lep),	  be`er	  
than	  the	  collinear	  approxima8on	  (more	  in	  the	  back-‐up)	  

arXiv:1012.4686 
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H-‐>ττ:	  Event	  Selec8on	  (lep-‐had) 
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H-‐>ττ:	  Embedding	  for	  Z-‐>ττ 
² Z-‐>ττ:	  important	  to	  all	  the	  3	  channels,	  embedding	  method	  

applied	  to	  improve	  modeling	  of	  jet/MET	  variables,	  reduce	  the	  
sys.	  uncertain8es,	  and	  increase	  sample	  sta8s8cs	  
-  Start	  with	  Z-‐>μμ	  events	  from	  data,	  remove	  muons	  
-  Embed	  MC	  τ	  into	  the	  above	  selected	  events	  
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H-‐>ττ:	  Background	  Modeling 
² Lep-‐lep	  channel:	  	  
-  Z-‐>ττ:	  shape	  from	  embedding,	  normalized	  to	  MC	  at	  pre-‐selec8on	  level	  
-  Di-‐boson:	  MC,	  validated	  with	  a	  data	  control	  region	  (CR)	  
-  Z-‐>ee/μμ,	  top:	  MC,	  normalized	  to	  a	  data	  CR	  
-  Fake	  leptons:	  	  es8mated	  from	  a	  data	  CR	  (reverse	  lepton	  isola8on) 

² Had-‐had	  channel:	  	  
-  Z-‐>ττ:	  shape	  from	  embedding,	  normaliza8on	  from	  2D-‐fit	  to	  Ntracks	  of	  the	  two	  τhad	  
-  Mul8-‐jets:	  shape	  from	  not-‐opposite-‐sign	  (notOS)	  in	  7	  TeV,	  or	  with	  reversed	  τhad	  

ID	  in	  8	  TeV,	  	  Normaliza8on	  with	  same	  	  2D-‐fit	  to	  Ntracks	  
-  Others:	  mainly	  W-‐>τν	  +	  jets,	  shape	  from	  MC;	  fake	  rate	  derived	  from	  data	   

² Lep-‐had	  channel:	  	  
-  Same	  sign	  (SS):	  primarily	  mul8-‐jets,	  es8mated	  from	  data	  
-  OS-‐SS	  background:	  

-  Z-‐>ττ:	  embedding	  except	  for	  VBF	  (shape	  from	  MC,	  normalized	  to	  a	  CR)	  
-  Others:	  top,	  W+jets,	  Z-‐>ee/μμ,	  di-‐boson,	  MC,	  each	  normalized	  to	  a	  CR	  
-  In	  VBF,	  the	  mul8-‐jet	  and	  W+jets	  es8mated	  using	  a	  fake	  factor:	  Nτ-‐id	  /NanD_τ-‐id 
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H-‐>ττ:	  Di-‐tau	  Mass	  aher	  Selec8ons 
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H-‐>ττ:	  Systema8cs 

² Z-‐>ττ:	  dominated	  by	  tau	  energy	  scale	  and	  normaliza8on	  
² Signal:	  dominated	  by	  the	  theore8cal	  uncertainty	  
² Ranges	  given	  because	  of	  significant	  varia8on	  in	  the	  impact	  

on	  analysis	  category	  and	  signal	  produc8on	  mode	  
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H-‐>ττ:	  Results 
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² No	  significant	  excess	  observed,	  the	  upper	  limit	  at	  95%	  C.L.	  for	  
SM	  Higgs	  @125	  GeV:	  1.9	  observed	  with	  1.2	  as	  expected	  

² The	  best	  fi`ed	  value	  of	  mu:	  0.7	  ±	  	  0.7	  
² The	  observed	  significance	  1.1σ	  with	  1.7σ	  as	  expected	  
² Constrained	  2-‐dimen8nal	  fit:	  μggF×B/BSM	  =	  2.1;	  μVBF+VH×B/BSM	  =	  0	  
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Summary 

² Search	  for	  Higgs	  decaying	  into	  bb	  pair	  using	  the	  full	  datasets	  in	  VH	  
produc8on	  mode:	  the	  observed	  upper	  limit	  onμis	  1.4	  with	  1.3	  as	  
expected,	  μ	  =	  0.2	  ±	  0.5	  (stat.)	  ±	  0.4	  (syst.)	  

² The	  `H,	  H-‐>bb	  analysis	  done	  with	  7	  TeV	  dataset:	  the	  observed	  
upper	  limit	  onμis	  13.1	  with	  10.5	  as	  expected 

² Search	  in	  the	  μ+μ-‐	  final	  state	  with	  the	  full	  8	  TeV	  data:	  the	  upper	  
limit	  is	  9.8	  8mes	  the	  SM	  predic8on,	  with	  8.2	  as	  expected	  

² For	  the	  ττ	  with	  the	  7	  TeV	  and	  13.0	  e-‐1	  (8TeV)	  :	  the	  observed	  upper	  
limit	  on	  is	  1.9	  with	  1.2	  as	  expected;	  the	  best	  fit	  μ	  =	  0.7	  ±	  0.7	  	  

Looking forward to the new result from the 
tautau, and even the data in 2015! 

No significant excess observed in the searches for the SM 
Higgs decaying into fermions. For the SM Higgs @125 GeV: 
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Thanks! 



2013-‐08-‐12 Lianliang	  Ma	  	  Shandong	  University	   32 

Introduc8on:	  ATLAS	  Experiment 
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the	  Inner	  Detector	  with	  |η|<2.5	  
² Datasets	  recorded:	  	  

-  5.25	  e-‐1	  in	  2011	  @7TeV	  
-  21.7	  e-‐1	  in	  2012	  @8TeV	  
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MMC	  in	  arXiv:1012.4686 
Collinear	  mass:	  assume	  momentum	  of	  neutrino(s)	  from	  a	  τ	  decay	  has	  the	  
same	  direc8on	  as	  the	  visible	  momentum	  
Missing	  Mass	  Calculator	  (MMC)	  
-  Reconstruct	  pmiss	  for	  each	  τ	  decay	  using	  all	  kinema8c	  constraints	  and	  

performing	  a	  scan	  over	  the	  undermined	  variables	  
-  Assign	  a	  probability	  to	  each	  outcome	  based	  on	  pdf’s	  from	  simulated	  τ	  decays	  
-  Take	  the	  mass	  that	  maximizes	  the	  probability 
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Updated	  Higgs	  Results 
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VH,	  H-‐>bb:	  Selec8on	  Efficiency	  of	  Signals 



2013-‐08-‐12 Lianliang	  Ma	  	  Shandong	  University	   36 

VH,	  H-‐>bb:	  MC	  Generators 
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VH,	  H-‐>bb:	  pT	  Correc8on	  in	  W+jets 
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VH,	  H-‐>bb:	  pT	  Correc8on	  in	  Top 
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1-‐lepton	  Post-‐Fit	  Plots	  (3-‐jet,	  2-‐tag) 
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2-‐lepton	  Post-‐Fit	  Plots	  (Top	  CR) 
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ZH,	  H-‐>bb:	  mbb	  Reconstruc8on 
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ZH,	  H-‐>bb:	  Post-‐fit	  Event	  Yield 

Analysis	  done	  on	  7	  TeV	  of	  4.7	  e-‐1:	  ATLAS-‐CONF-‐2012-‐135	  
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ZH,	  H-‐>bb:	  Post-‐fit	  Event	  Yield 
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H-‐>μμ:	  Cross	  Sec8on	  and	  Branch	  Frac8on 
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H-‐>ττ:	  Event	  Selec8on	  (lep-‐lep) 
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H-‐>ττ:	  Event	  Selec8on	  (had-‐had) 
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H-‐>ττ:	  Variable	  Defini8ons 

²  In	  the	  lep-‐had	  final	  state: 

²  In	  the	  lep-‐lep	  final	  state: 
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H-‐>ττ	  @ATLAS:	  Results 
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