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Introduc8on	
  
•  ATLAS	
  and	
  CMS	
  published	
  in	
  June	
  the	
  Run	
  1	
  legacy	
  

LHC	
  combination	
  on	
  Higgs	
  rates	
  and	
  couplings	
  
JHEP	
  1608	
  (2016)	
  045	
  
•  Tremendous	
  efforts	
  from	
  both	
  experiments	
  and	
  

theorists	
  	
  
•  Close	
  the	
  chapter	
  on	
  Run	
  1	
  Higgs	
  experimental	
  results	
  	
  

•  Consistency	
  tests	
  performed	
  with	
  the	
  κ-­‐framework	
  
based	
  on	
  LHCHXSWG	
  YR3	
  
•  A	
  LO-­‐motivated	
  framework	
  
•  Stepping	
  from	
  signal	
  strengths	
  to	
  couplings	
  

•  Further	
  more,	
  first	
  results	
  on	
  differential	
  cross	
  
sections	
  and	
  simplified	
  template	
  cross	
  sections	
  have	
  
been	
  made	
  with	
  Run	
  1	
  and	
  Run	
  2	
  data	
  
•  To	
  bridge	
  the	
  data	
  and	
  interpretations	
  (e.g.	
  EFT)	
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Higgs	
  produc8on	
  processes	
  
•  Usual	
  suspects:	
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•  Rare	
  processes:	
  	
  



Signal	
  strengths,	
  µ
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Parameters	
  scale	
  cross	
  sec8ons	
  and	
  BRs	
  rela8ve	
  to	
  SM	
  
	
  

Scaling	
  of	
  generic	
  i	
  →	
  H	
  →	
  f	
  process	
  



Signal	
  strengths,	
  µ
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H→ττ	
  	
  decay	
  mode	
  and	
  VBF	
  process	
  established	
  through	
  the	
  ATLAS+CMS	
  combina8on	
  



Ra8os	
  of	
  cross-­‐sec8ons	
  and	
  BRs	
  
•  Assumptions:	
  only	
  the	
  7/8	
  

ratios	
  as	
  in	
  SM	
  
•  Normalize	
  the	
  rate	
  for	
  any	
  

particular	
  channel	
  to	
  a	
  
reference	
  process	
  using	
  ratios	
  
of	
  cross	
  sections	
  and	
  branching	
  
ratios	
  	
  

•  Motivation:	
  
•  No	
  assumptions	
  on	
  relative	
  

cross	
  sections	
  or	
  BRs	
  
•  Measured	
  values	
  independent	
  

of	
  SM	
  prediction	
  and	
  inclusive	
  
theory	
  uncertainties	
  

•  Cancellation	
  of	
  common	
  
systematic	
  uncertainties	
  in	
  
ratios	
  

•  Choose	
  reference	
  process	
  as	
  
one	
  measured	
  with	
  the	
  
smallest	
  systematic	
  
uncertainty:	
  gg→H→ZZ	
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Ra8os	
  of	
  cross-­‐sec8ons	
  and	
  BRs	
  
•  Largest	
  disagreement	
  in	
  

	
  σttH/σggF	
  (~3σ)	
  	
  
•  mainly	
  due	
  to	
  the	
  

multi-­‐lepton	
  categories	
  
•  BRbb/BRZZ	
  (2.5σ)	
  
•  High	
  observed	
  values	
  

σZH/σggF	
  	
  and	
  σttH/σggF	
  
induce	
  a	
  low	
  value	
  for	
  
BR(H	
  →	
  bb)	
  

•  H	
  →	
  bb	
  decay	
  mode	
  
does	
  not	
  contribute	
  to	
  
the	
  observed	
  excesses	
  

•  Anti-­‐correlated	
  with	
  
above	
  excesses	
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From	
  µ	
  to	
  κ
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Allow	
  BSM	
  contribu8on	
  to	
  loop	
  &	
  decay	
  
•  Use	
  effective	
  couplings	
  for	
  	
  

ggH	
  (κg)	
  and	
  H→γγ	
  (κγ)	
  
•  BRBSM:	
  Higgs	
  decays	
  to	
  BSM	
  

particles	
  +	
  non-­‐SM	
  BRs	
  of	
  
unmeasured	
  final	
  states	
  
(gg,cc,..)	
  

•  Consider	
  two	
  scenarios:	
  	
  
•  ΒRBSM	
  =	
  0	
  	
  
•  BRBSM	
  floating,	
  but	
  |κV|	
  <	
  1	
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BRBSM	
  constrained	
  to	
  <	
  0.34	
  @95%	
  CL	
  



No	
  BSM	
  loop/decay	
  contribu8ons	
  	
  
•  Resolve	
  ggH	
  (κg)	
  and	
  

H→γγ	
  (κγ)	
  loops	
  	
  
•  Includes	
  H→μμ	
  analyses	
  

for	
  reduced	
  coupling	
  vs.	
  
particle	
  mass	
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2D	
  scans	
  of	
  κV,	
  κF	
  
•  Simplified	
  model	
  in	
  which	
  	
  
•  κV=κW=κZ	
  	
  
•  κF=κt=κb=kτ	
  	
  

•  Different	
  final	
  states	
  give	
  
very	
  different	
  constrained	
  
region	
  in	
  the	
  κVκF	
  (all	
  
channels	
  compatible	
  to	
  
SM)	
  

•  Combination	
  of	
  ATLAS	
  
and	
  CMS	
  also	
  compatible	
  
within	
  1	
  σ	
  with	
  SM	
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2D	
  scans	
  of	
  κV,	
  κF	
  
•  Most	
  channels	
  nearly	
  degenerate	
  in	
  relative	
  sign	
  of	
  κV	
  and	
  κF	
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2D	
  scans	
  of	
  κV,	
  κF	
  
•  Most	
  channels	
  nearly	
  degenerate	
  in	
  relative	
  sign	
  of	
  κV	
  and	
  κF	
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In	
  the	
  negaAve	
  κF	
  quadrant	
  channels	
  	
  
strongly	
  disfavor	
  common	
  κV	
  



Fermion	
  Couplings	
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Going	
  beyond	
  the	
  κ-­‐framework	
  
•  The	
  LO-­‐motivated	
  κ	
  framework	
  has	
  the	
  

following	
  assumptions/limitations	
  	
  
•  Single,	
  narrow	
  resonance	
  with	
  mH	
  =125.09	
  GeV	
  
•  Decay	
  kinematics	
  compatible	
  with	
  SM	
  prediction	
  
•  Tensor	
  structure	
  of	
  interactions	
  is	
  the	
  same	
  as	
  in	
  SM	
  
•  Zero-­‐width	
  approximation	
  in	
  the	
  Higgs	
  boson	
  propagator	
  

•  To	
  test	
  kinematics	
  distributions	
  
•  Anomalous	
  couplings	
  
•  EFT	
  interpretation	
  through	
  differential	
  cross	
  section	
  

measurements	
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CMS	
  13	
  TeV	
  H4l	
  anomalous	
  couplings	
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•  Characterized	
  through	
  scattering	
  amplitude	
  

CMS-­‐PAS-­‐HIG-­‐2016-­‐033	
  



CMS	
  13	
  TeV	
  H4l	
  anomalous	
  couplings	
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•  Characterized	
  through	
  scattering	
  amplitude	
  

CMS-­‐PAS-­‐HIG-­‐2016-­‐033	
  



ATLAS	
  13	
  TeV	
  H4l	
  
•  In	
  terms	
  of	
  EFT	
  couplings	
  defined	
  in	
  Higgs	
  

characterization	
  model:	
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ATLAS-­‐CONF-­‐2016-­‐079	
  



EFT	
  with	
  differen8al	
  cross	
  sec8ons	
  

9/30/16	
   Mingshui	
  Chen	
  (IHEP,	
  Beijing)	
  	
   19	
  

Phys.LeW.	
  B753	
  (2016)	
  69-­‐85	
  

•  Probe	
  BSM	
  CP-­‐even	
  and	
  CP-­‐odd	
  interactions	
  using	
  five	
  
differential	
  cross	
  sections	
  in	
  EFT	
  framework	
  and	
  the	
  
Strongly	
  Interacting	
  Light	
  Higgs	
  (SILH)	
  formulation:	
  

Wilson	
  coefficients	
  
specifying	
  the	
  strength	
  of	
  
the	
  new	
  interacAons	
  



Simplified	
  Template	
  Cross	
  Sec8ons	
  
•  Another	
  complementary	
  approach	
  to	
  connect	
  data	
  and	
  

theory	
  interpretations	
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ATLAS-­‐CONF-­‐2016-­‐081	
  

Stage-­‐0	
  	
  

Simplified	
  
Cross	
  SecAons	
  

	
  



Summary	
  
•  A	
  comprehensive	
  combined	
  measurement	
  of	
  

ATLAS	
  and	
  CMS	
  Higgs	
  boson	
  couplings	
  has	
  been	
  
performed	
  
•  Precision	
  usually	
  better	
  by	
  ∼1/√2	
  wrt	
  single	
  

experiment	
  

•  First	
  results	
  beyond	
  κ-­‐framework	
  have	
  also	
  
been	
  made	
  
•  Including	
  the	
  interpretations	
  in	
  EFT	
  approach	
  

•  Overall	
  good	
  consistency	
  with	
  SM	
  expectations	
  
•  Much	
  more	
  data	
  ahead,	
  stay	
  tuned!	
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The	
  era	
  of	
  Higgs	
  precision	
  	
  
measurements	
  has	
  just	
  begun	
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Thanks	
  !	
  



Backup	
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Ra8o	
  of	
  rates	
  →	
  Ra8o	
  of	
  couplings	
  
	
  Re-­‐fit	
  fewer	
  couplings	
  to	
  actual	
  particles	
  as	
  ratios	
  to	
  Z	
  and	
  gluon,	
  λij	
  =	
  κi/κj	
  	
  

9/30/16	
   Mingshui	
  Chen	
  (IHEP,	
  Beijing)	
  	
   24	
  

Refit	
  



Ra8o	
  of	
  couplings	
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Asymmetry	
  on	
  likelihood	
  due	
  to	
  
interference	
  effects	
  in	
  ggZH,	
  tHq/tHW	
  	
  	
  



CP-­‐invariance	
  test:	
  VBF	
  Hàττ
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arXiv:1602.04516	
  



CP-­‐invariance	
  test:	
  VBF	
  Hàττ	
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arXiv:1602.04516	
  



HVV	
  coupling:	
  VHbb	
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arXiv:1602.04305	
  	
  



HVV	
  coupling:	
  VHbb	
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arXiv:1602.04305	
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Correla8on	
  Matrix	
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Correla8on	
  Matrix	
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Coupling	
  Parameteriza8on	
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Advantages	
  of	
  FXS	
  and	
  STXS	
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