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Advantages	
  of	
  repor-ng	
  data	
  as	
  fiducial	
  cross	
  sec-ons	
  

•  The	
  fiducial	
  cross	
  sec-ons	
  are	
  the	
  physical	
  observables	
  associated	
  with	
  the	
  Higgs	
  boson	
  
events	
  that	
  we	
  actually	
  observe	
  in	
  our	
  detector.	
  
–  Correct	
  for	
  detector	
  effects	
  such	
  as	
  inefficiency	
  and	
  resolu-on	
  
–  Minimal	
  extrapola-on	
  across	
  outside	
  of	
  phase	
  space	
  

•  Produce	
  nearly	
  model-­‐independent	
  measurement	
  with:	
  
–  Small	
  dependence	
  on	
  the	
  current	
  status	
  of	
  the	
  theory	
  predic-ons	
  
–  Sensi-vity	
  to	
  different	
  Higgs-­‐boson	
  produc-on	
  mechanisms	
  
–  Sensi-vity	
  to	
  the	
  modelling	
  of	
  each	
  produc-on	
  mechanism	
  	
  	
  
–  Sensi-vity	
  to	
  physics	
  beyond	
  the	
  Standard	
  Model	
  in	
  tails	
  of	
  distribu-ons.	
  

•  Detector-­‐corrected	
  measurement	
  available	
  to	
  the	
  theory	
  community:	
  
–  HEPDATA	
  record:	
  hbp://hepdata.cedar.ac.uk/view/ins1306615	
  
–  Rivet	
  rou-ne:	
  hbps://rivet.hepforge.org/analyses#ATLAS_2014_I1306615	
  	
  
–  Natural	
  way	
  to	
  preserve	
  the	
  data	
  for	
  longevity.	
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Event	
  and	
  object	
  selec-on	
  

H	
  -­‐>	
  γγ	
  diphoton	
  baseline	
  
•  Two	
  reconstructed	
  photons	
  

–  pT,1	
  >	
  0.35	
  mγγ	
  

–  pT,2	
  >	
  0.25	
  mγγ	
  

–  |η|	
  <	
  2.37	
  
–  Isolated	
  in	
  calorimeter	
  and	
  tracker	
  
–  Tight	
  photon	
  iden-fica-on	
  

Electrons	
  and	
  muons:	
  
•  pT	
  >	
  15	
  GeV,	
  |η|<	
  2.47	
  
•  Electrons	
  removed	
  if	
  overlap	
  with	
  

photons	
  using	
  ΔR	
  cuts	
  
•  Isolated	
  in	
  calorimeter	
  and	
  tracker	
  
	
  
	
  

Jet	
  selec<on	
  
•  An--­‐kT	
  algorithm	
  with	
  R=0.4	
  

–  pT	
  >	
  30	
  GeV,	
  |y|<	
  4.4	
  
–  No	
  muons	
  or	
  neutrinos	
  

•  Overlap	
  removal	
  with	
  photons/leptons	
  
using	
  ΔR	
  cuts	
  

•  Jet	
  vertex	
  frac-on	
  used	
  to	
  reject	
  pile-­‐up	
  

	
  	
  	
  +	
  cuts	
  to	
  ensure	
  good	
  data	
  quality,	
  etc	
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Signal	
  extrac-on	
  (I)	
  	
  

•  In	
  each	
  bin	
  of	
  a	
  distribu-on:	
  
–  unbinned	
  maximum	
  likelihood	
  fit	
  to	
  mγγ	
  	
  
–  Signal	
  model	
  is	
  a	
  Crystal	
  Ball	
  plus	
  a	
  Gaussian	
  (assume	
  narrow	
  resonance)	
  
–  Background	
  model	
  an	
  exponen-al	
  of	
  a	
  polynomial	
  (order	
  1,2	
  or	
  3),	
  func-onal	
  form	
  

chosen	
  by	
  minimising	
  spurious	
  signal	
  extracted	
  in	
  background-­‐only	
  simula-on	
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Signal	
  extrac-on	
  (II)	
  	
  

•  Photon	
  energy	
  resolu-on	
  and	
  energy	
  scale	
  uncertain-es	
  included	
  as	
  nuisance	
  parameters	
  	
  
•  Choice	
  of	
  background	
  modelling	
  func-on	
  affects	
  peak	
  posi-on:	
  also	
  included	
  in	
  fit	
  

•  Total	
  signal	
  extrac-on	
  uncertainty	
  is	
  6.5%	
  in	
  the	
  diphoton	
  baseline	
  region.	
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Correc-on	
  for	
  detector	
  effects	
  (I)	
  

H	
  -­‐>	
  γγ	
  diphoton	
  baseline	
  
Two	
  final	
  state	
  photons:	
  
•  pT,1	
  >	
  0.35	
  mγγ,	
  

•  	
  pT,2	
  >	
  0.25	
  mγγ	
  	
  

•  |η|	
  <	
  2.37	
  
•  Isolated:	
  sum	
  of	
  final	
  state	
  par-cle	
  pT	
  in	
  

R=0.4	
  less	
  than	
  14GeV	
  (excluding	
  μ,	
  ν)	
  	
  

Jet	
  selec<on	
  
•  An--­‐kT	
  algorithm	
  with	
  R=0.4	
  

–  Final	
  state	
  par-cles,	
  no	
  μ	
  or	
  ν	
  
–  pT	
  >	
  30	
  GeV,	
  |y|<	
  4.4	
  

•  Overlap	
  removal	
  with	
  final-­‐state	
  photons	
  
and	
  dressed	
  leptons	
  

Par<cle-­‐level	
  defini<ons	
  
•  Par-cle	
  level	
  is	
  defined	
  using	
  final	
  state	
  

par-cles	
  with	
  cτ	
  >	
  10mm	
  
•  Event/object	
  selec-on	
  chosen	
  to	
  be	
  very	
  

close	
  to	
  the	
  reconstruc-on-­‐level	
  cuts.	
  

Number	
  of	
  events	
  
selected	
  at	
  detector	
  level	
  

Number	
  of	
  events	
  
selected	
  at	
  par-cle	
  level	
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Correc-on	
  for	
  detector	
  effects	
  (II)	
  

	
  
•  Carefully	
  checked	
  the	
  migra-ons	
  and	
  puri-es	
  to	
  jus-fy	
  bin-­‐by-­‐bin	
  correc-ons	
  

–  Inclusive	
  variables	
  have	
  very	
  lible	
  migra-on,	
  purity	
  of	
  ~99%	
  
–  Jet	
  based	
  variables	
  have	
  more	
  migra-on,	
  e.g.	
  purity	
  drops	
  to	
  70%	
  in	
  some	
  Njet	
  bins	
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Correc-on	
  for	
  detector	
  effects	
  (III)	
  

	
  
•  Experimental	
  uncertain-es:	
  

–  Photon	
  energy	
  scale,	
  energy	
  resolu-on,	
  isola-on	
  and	
  efficiency	
  (trigger,	
  iden-fica-on)	
  
–  Jet	
  energy	
  scale,	
  resolu-on,	
  jet	
  vertex	
  frac-on	
  efficiency	
  and	
  pile-­‐up	
  jet	
  modelling	
  
–  Lepton	
  energy	
  scale,	
  resolu-on,	
  iden-fica-on	
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Correc-on	
  for	
  detector	
  effects	
  (III)	
  

	
  
•  Theore-cal	
  modelling	
  uncertain-es,	
  es-mated	
  from	
  

–  Uncertainty	
  in	
  gluon	
  fusion	
  modelling:	
  choice	
  of	
  generator(Powheg,	
  Minlo,	
  Sherpa)	
  
–  Uncertainty	
  in	
  signal	
  composi-on	
  (rate	
  of	
  VBF+VH	
  by	
  factor	
  of	
  2,	
  bH	
  by	
  factor	
  of	
  5)	
  
–  Reweight	
  simula-on	
  to	
  reproduce	
  Higgs	
  pT	
  and	
  |y|	
  measured	
  in	
  the	
  data	
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Example	
  of	
  measurement	
  uncertain-es	
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Fiducial	
  cross	
  sec-ons	
  for	
  H	
  -­‐>	
  γγ	
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Higgs	
  boson	
  kinema-cs	
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Associated	
  jet	
  ac-vity	
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Spin-­‐CP	
  sensi-ve	
  variables	
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VBF-­‐sensi-ve	
  variables	
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Outlook	
  for	
  Run	
  II	
  measurements:	
  sta-s-cal	
  improvement	
  (I)	
  

•  Cross	
  sec-on	
  for	
  each	
  produc-on	
  
mechanism	
  increases	
  as	
  the	
  centre-­‐
of-­‐mass	
  energy	
  increases	
  

…..harder	
  distribu-ons	
  due	
  to	
  increase	
  in	
  
available	
  phase	
  space.	
  

Generator	
  level	
  

17	
  



Outlook	
  for	
  Run	
  II	
  measurements:	
  sta-s-cal	
  improvement	
  (II)	
  

•  Es-mate	
  of	
  sensi-vity	
  in	
  100	
  z-­‐1	
  of	
  Run-­‐II	
  data	
  
•  Assume	
  that	
  systema-c	
  uncertain-es	
  not	
  improved.	
  

	
  

Generator	
  level	
   Generator	
  level	
  

[plots	
  from	
  Michaela	
  Queitsch-­‐Maitland]	
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Summary	
  

•  First	
  fiducial	
  and	
  differen-al	
  cross	
  sec-on	
  measurements	
  for	
  the	
  Higgs	
  boson	
  measured	
  
in	
  the	
  H-­‐>γγ	
  decay	
  channel	
  (JHEP09	
  2014	
  112)	
  
–  Not	
  all	
  results	
  shown	
  in	
  this	
  talk:	
  many	
  more	
  differen-al	
  distribu-ons.	
  	
  

	
  
•  Data	
  is	
  publicly	
  available	
  for	
  tes-ng	
  theore-cal	
  modelling	
  and	
  BSM	
  possibili-es	
  

–  See:	
  hbp://hepdata.cedar.ac.uk/view/ins1306615	
  
–  Use:	
  hbps://rivet.hepforge.org/analyses#ATLAS_2014_I1306615	
  	
  

	
  
•  Combina-on	
  with	
  H-­‐>ZZ*	
  channel	
  has	
  been	
  published	
  as	
  well	
  	
  

–  See	
  talks	
  by	
  Sarah	
  Heim	
  and	
  Michaela	
  Queitsch-­‐Maitland	
  
	
  
•  Fiducial	
  cross-­‐sec-on	
  measurements	
  will	
  be	
  a	
  crucial	
  part	
  of	
  the	
  Run-­‐II	
  programme	
  

–  Sta-s-cal	
  uncertain-es	
  reduced	
  by	
  a	
  factor	
  of	
  ~4	
  	
  
–  Increased	
  opportunity	
  to	
  use	
  fiducial	
  detector-­‐corrected	
  data	
  for	
  interpreta-ons:	
  

EFT,	
  pseudo-­‐observables,	
  specific	
  BSM	
  models….	
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Example:	
  sensi-vity	
  to	
  produc-on	
  channel	
  and	
  new	
  physics	
  

Example	
  of	
  sensi-vity	
  to	
  produc-on	
  	
  
Mechanism:	
  Higgs	
  pT	
  

Example	
  of	
  sensi-vity	
  to	
  new	
  CP-­‐even	
  
and	
  CP-­‐odd	
  interac-ons:	
  Δφjj	
  
Phys.Rev.LeC.	
  88	
  (2002)	
  051801	
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Theore-cal	
  predic-ons	
  for	
  gluon	
  fusion	
  

•  sa	
  

	
  Single	
  MC-­‐based	
  predic-on	
  for	
  VBF,	
  VH	
  (normalised	
  to	
  NNLO)	
  and	
  bH	
  (normalised	
  to	
  NLO)	
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Example	
  of	
  measurement	
  uncertain-es	
  

	
  
•  Signal	
  extrac-on	
  systema-c	
  dominated	
  by	
  photon	
  energy	
  resolu-on	
  effects	
  

•  Correc-on	
  factor	
  systema-c	
  contains	
  both	
  experimental	
  and	
  theore-cal	
  modelling	
  effects	
  
–  Jet	
  energy	
  scale	
  dominant	
  uncertainty	
  at	
  large	
  jet	
  mul-plici-es	
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Seven	
  fiducial	
  phase	
  space	
  regions	
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