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Introduction:	  	  Higgs	  boson	  production	  &	  decay	  at	  the	  LHC

ggF: ~ 88% VH ≣WH or ZH: ~ 4.1%VBF: ~ 7.0% ttH: ~ 0.9% 

Production (√s = 13 TeV) :

Decay (mH = 125 GeV) :
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Ø After	  discovery,	  want	  to	  measure	  the	  properties	  of	  the	  
Higgs	  boson	  and	  test	  the	  consistency	  of	  the	  SM	  with	  the	  
new 13	  TeV data

Ø Extract	  information	  about	  the	  Higgs	  boson’s	  couplings	  to	  
other	  particles

Ø A	  fiducial	  region,	  or	  a	  bin	  of	  a	  differential	  distribution,	  is	  a	  
specific	  area	  of	  phase	  space	  to	  probe	  the	  Higgs	  properties	  

Ø Investigate	  production	  processes	  with	  simplified	  template	  
cross	  sections

Ø Through	  unfolding,	  the	  measurements	  are	  corrected	  for	  
experimental	  effects	  such	  as	  detector	  acceptance	  and	  
resolution.	  Thus,	  designed	  to	  be	  as	  model-‐independent as	  
possible	  to:

o Allow	  direct	  comparison	  with	  theory	  predictions

o Probe	  physics	  beyond	  the	  SM

Objectives	  pp→	  H	  →	  𝛾𝛾



The	  ATLAS	  Detector

Electromagnetic	  and	  Hadronic	  
Calorimeters

Charged	  particle	  tracking	  system

Muon	  spectrometer



Dataset

ATLAS	  CONF	  2016-‐067

√s	  =	  13	  TeV

2015:	  3.2	  fb-‐1
2016	  10.1	  fb-‐1

Total:	  13.3	  fb-‐1



Event	  Selection	  (i.e. baseline	  for	  photon	  candidates)
Reconstruction-‐level:	  In	  total	  124137	  diphoton events	  selected

Step	  1:
Identify	  at	  least	  2	  “loose”	  photon	  candidates	  

ET(γ1)	  >	  25	  GeV	  &	  ET(γ2)	  >	  25	  GeV
|η|	  <	  2.37	  (excluding	  crack-‐region	  1.37	  ≤	  |η|	  <	  1.52)
primary	  vertex	  with	  at	  least	  2	  tracks
neural-‐network	  to	  identify	  diphoton primary	  vertex	  (redefine	  direction)

Step	  2:
Use	  “tight”	  photon	  ID	  for	  both	  photon	  candidates

pT(γ1)/mγγ >	  0.35	  &	  pT(γ2)/mγγ >	  0.25	  
Isolation	  requirements	  on	  both	  reconstructed	  photon	  candidates
mγγ∈ [105,	  160)	  GeV



The	  vast	  majority	  of	  collision	  produced	  at	  the	  LHC	  do	  
not	  contain	  any	  Higgs	  bosons

Examples	  of	  processes	  
much,	  much	  more	  common
than	  Higgs	  boson	  production

A	  Higgs	  boson	  is	  only	  produced	  in
one	  collision	  out	  of	  200	  million
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Problem:	  Higgs	  production	  at	  the	  LHC	  is	  rare!



H→γγ signature

Higgs	  signal	  and	  SM	  background	  
processes	  look	  identical,	  but	  
background	  produces	  no	  peak!

Background	  must	  be	  well	  
modelled	  in	  order	  to	  minimize	  
potential	  measurement	  biases

mγγ = √2E1E2[1-cos(α)]
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main	  backgrounds



Signal	  &	  Background	  Modeling

Data-driven background decomposition:
Extracted γγ,γ-jet and dijet components as a function of mγγ

Fraction of γγ,γ-jet and dijet events is 𝟕𝟖. 𝟗	  ±	  𝟎. 𝟐	  *𝟒.𝟎,𝟏.𝟗	  %, 18. 𝟔	  ±	  𝟎. 𝟐	  *𝟏.𝟕,𝟑.𝟓	  % and 
2.5	  ±	  𝟎. 𝟏	  *𝟎.𝟒,𝟎.𝟓	  %, respectively, integrated over the 105-160 GeV mass range 
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Fiducial	  & Differential	  Cross-‐Sections

νi per	  Njets bin

correction	  factor	  
for	  detector	  effects

integrated	  
luminosity

νi per	  PT bin



Fiducial	  & Differential	  Cross-‐Sections

νi per	  Njets bin

correction	  factor	  for	  
detector	  effects

integrated	  
luminosity
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Fiducial	  & Differential	  Cross-‐Sections

νi per	  Njets bin

correction	  factor	  
for	  detector	  effects

integrated	  
luminosity

νi per	  PT bin

Particle-‐level cross-‐section	  measurements



Diphoton invariant	  mass	  spectrum

Baseline
pT(𝛾1)/mγγ >	  0.35	  and	  pT(𝛾2)/mγγ >	  0.25
|η|	  <	  2.37	  (excluding	  crack-‐region	  1.37	  ≤	  |η|	  <	  1.52)

VBF-‐enhanced
pT(jet)	  >	  30	  GeV,|y(jet)}	  <	  4.4	  and	  mjj >	  400	  GeV
|Δyjj|	  >	  2.8	  and	  |ΔΦγγ,jj|	  >	  2.6



Cross	  Sections	  in	  Fiducial	  Phase	  Space	  Regions



Higgs	  boson	  kinematics	  pp→	  H	  →	  𝛾𝛾:	  

Good	  agreement	  data	  & SM	  prediction



Jet	  activity	  (jet	  multiplicity):	  pp→	  H	  →	  𝛾𝛾 +	  Njet

Good	  agreement	  data	  & SM	  prediction:	  deficit	  for	  Njet=0	  (left)	  – data	  compare	  to	  theory	  (right)



Angular	  Distributions

Data  in  agreement  with  SM  expectation  for  scalar  CP-even  particle



Systematics	  Uncertainties	  and	  Their	  Impacts

Dominated	  by	  
statistical	  error	  !!!	  

Photon	  energy	  resolution	  and	  
background	  modeling	  are	  

typically	  the	  main	  
uncertainties

Jet	  energy	  calibration	  
uncertainties	  important	  when	  

jet	  activity



Simplified	  Template	  Cross	  Sections

Full	  kinematic	  phase	  space



Procedure	  to	  get	  Signal	  Yields	  per	  category



Production	  mode	  Cross	  Section

Total  Higgs  production  cross  section Higgs  production  cross  section  (|yH|<2.5)

Observed	  significance	  of	  H→𝛾𝛾 signal	  is	  4.7σ	  (SM	  expectation	  of	  5.4σ)



Systematic	  uncertainty	  signal	  strength	  measurements

nuisance	  parameters	  ranking	  & pulls	  gluon	  fusion nuisance	  parameters	  ranking	  & pulls	  VBF



Signal	  Strength



Summary
Since  the  2012  discovery  of  the  Higgs  boson,  focus  has  shifted  to  measuring  its  properties  
and  testing  the  consistency  of  the  Standard  Model  with  data

First  fiducial,  differential  and  production  cross  section  measurements  of  Higgs  boson  
production  in  H→𝛾𝛾 at  13  TeV with  data  collected  in  2015  and  early  summer  2016

Two  different  but  complementary  approaches:
1. Fiducial  and  differential  cross  sections  are  the  most  model  independent  characterization  of  
the  events  (from  detector  to  particle-level  fiducial  phase  space)

2. Production  cross  section  and  signal  strengths  probe  the  Higgs  couplings  directly

Conclusion  pp  →  H→𝛾𝛾 :
Ø Analysis  goal  is  to  minimize  the  dependence  on  theoretical  modelling
Ø Results  statistically  limited  at  the  moment
Ø Comparison  to  theory  predictions
Ø Slightly  “harder”  observed  in  the  Higgs  transverse  momentum  spectrum
Ø Mild  deficit  observed  in  jet  multiplicity  spectrum  at  Njet =  0
Ø All  results  consistent  with  the  SM  within  statistical  errors



Extra	  or	  backup	  slides



Photon	  ID	  Efficiency



Event	  Selection	  (hadronic	  jets,	  b-‐jets,	  leptons	  &	  ETmiss)
Hadronic	  Jets	  (anti-‐kT,	  R=0.4):
o pT >	  25	  GeV for	  |η|<	  2.4
o pT >	  30	  GeV for	  2.4<|η|<	  4.4
o Jet	  vertex	  tagging	  algorithm	  used	  to	  reject	  pile-‐up
o Jet	  discarded	  if	  within	  Δ =	  0.4	  (0.2)	  of	  isolated	  photon	  (electron)
o b-‐jet	  tagger	  to	  identify	  heavy-‐flavour objects

Muons: pT >	  10	  GeV	  and	  |η|<	  2.7

Electrons: pT >	  10	  GeV	  and	  |η|<	  2.47	  (excluding	  1.37<|η|<1.52)

ETmiss :missing	  transverse	  momentum	  ETmiss reconstructed from	  photons,	  
jets,	  leptons	  and	  tracks



Kinematics	  leading	  jets	  (left)	  &	  H	  +	  2jet	  events	  (right)

Slight	  undershoot	  of	  the	  data	  versus	  theoretical	  prediction	  at	  low	  pTj1 (but	  good	  agreement)



Invariant	  mass	  distribution	  for	  the	  event	  categories
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Unfolding	  to	  particle-‐level



Stage-‐0	  split	  into	  five	  categories	  for	  |yH <	  2.5|
1. ggF +	  bbH
2. VBF
3. H	  +	  V	  hadronic	  decay
4. H	  +	  V	  leptonic decay
5. ttH +	  tH
Kinematic	  bins	  are	  merged	  where	  there	  is	  limited	  sensitivity

Simplified	  Template	  Cross	  Sections



Next	  evolution:	  will	  refined	  analysis	  binning	  (i.e. ‘stage-‐1’	  )	  to	  help	  with	  future	  comparisons
Refer	  to	  Yellow	  Report	  4	  (in	  progress)

Simplified	  Template	  Cross	  Sections

Schematic	  overview	  of	  the	  simplified	  template	  cross	  section	  framework

Stage-‐1	  binning	  proposal	  gluon	  fusion	  production


