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• Since	
  its	
  discovery	
  at	
  the	
  LHC	
  5	
  years	
  ago,	
  studies	
  of	
  Higgs	
  boson	
  

properties	
  has	
  been	
  the	
  highest	
  priority	
  for	
  both	
  ATLAS	
  and	
  CMS.

• A	
  number	
  of	
  BSM	
  theories	
  can	
  affect	
  Higgs	
  production	
  or	
  decay.

• Although	
  all	
  measurements	
  so	
  far	
  are	
  in	
  line	
  with	
  SM	
  predictions,	
  it	
  

is	
  possible	
  that	
  BSM	
  alterations	
  to	
  production	
  and	
  decay	
  modes	
  

that	
  are	
  rare	
  in	
  SM	
  are	
  hiding	
  in	
  experimental	
  uncertainties.

• 𝐵 ℎ → 𝐵𝑆𝑀 <0.34	
  :	
  constraint	
  from	
  Run	
  1.	
  	
  JHEP08	
  (2016)	
  045

• Measurement	
  of	
  a	
  well-­‐chosen	
  set	
  of	
  processes	
  allows	
  us	
  to	
  

address	
  a	
  diverse	
  set	
  of	
  BSM	
  scenarios.	
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• Higgs	
  trilinear	
  self-­‐coupling	
  𝜆555 can	
  be	
  extracted	
  from	
  σ 𝑝𝑝	
   → ℎℎ

• SM	
  prediction:	
  33.4 fb	
  at	
   𝑠� = 13 TeV

• Suppressed	
  by	
  destructive	
  interference	
  between	
  the	
  two	
  processes.	
  

• Rate	
  enhancement	
  is	
  possible	
  in	
  several	
  extensions	
  of	
  the	
  SM	
  

• Resonant:	
  discovery	
  of	
  𝑝𝑝	
   → 𝑋 → ℎℎ if	
  𝑚@ is	
  kinematically accessible.

• Non-­‐resonant:	
  new	
  interaction	
  or	
  modification	
  of	
  𝜆555.	
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• Resolved	
  regime:	
  reconstruct	
  ≥ 4	
  𝑏	
  -­‐tagged	
  jets,	
  R=0.4;	
  10.1	
  fb-­‐1.
• aiming	
  at	
  non-­‐resonant	
  production	
  or	
  𝑚@ < 1000 GeV

• Boosted	
  regime:	
  2	
  fat	
  jets	
  containing	
  ≥ 3	
  𝑏-­‐tags,	
  R=1.0;	
  13.3	
  fb-­‐1.
• aiming	
  at	
  𝑚@ > 1000 GeV ATLAS-­‐CONF-­‐2016-­‐049
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• Upper	
  limit	
  on	
  non-­‐resonant	
  production	
  (430	
  fb	
  expected):	
  
σ 𝑝𝑝	
   → ℎℎ ×𝐵 ℎℎ → 𝑏𝑏 < 330 fb	
  at	
  95%	
  CL

• Resonant	
  production:	
  
upper	
  limit	
  on	
  the	
  rate	
  
through	
  the	
  first	
  excita-­‐
tion of	
  a	
  KK	
  graviton	
  in	
  
the	
  bulk	
  RS	
  model.

ATLAS-­‐CONF-­‐2016-­‐049
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• Analyses	
  in	
  different	
  channels	
  complementary	
  strengths.

• Analyses	
  of	
  other	
  channels	
  such	
  as	
  𝑏𝑏𝜏𝜏 and	
  𝑏𝑏𝑊𝑊	
  at	
   𝑠� = 13 TeV	
  

are	
  in	
  progress.

Channel ∫𝓛	
  𝒅𝒕�
� (fb-­‐1) Obs.	
  (exp.)	
  95%	
  C.L.	
  limit	
  on	
  σ/σSM

𝑏𝑏𝑏𝑏 13.3 29	
  (38)	
  	
  	
  	
  	
  	
   ATLAS-­‐CONF-­‐2016-­‐049

𝑏𝑏𝛾𝛾 3.2 117	
  (161)	
   ATLAS-­‐CONF-­‐2016-­‐004

𝛾𝛾𝑊𝑊 13.3 747	
  (386)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ATLAS-­‐CONF-­‐2016-­‐071
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• (a):	
  𝑍′P model,	
  the	
  𝑈′(1)P baryon	
  symmetry	
  ensures	
  stability	
  of	
  𝜒.

• (b):	
  𝑍′-­‐2HDM,	
  𝐴* is	
  the	
  pseudoscalar Higgs	
  state.

• (c):	
  Heavy	
  scalar	
  model:	
  	
  2𝑚5 <𝑚V <	
  2𝑚W,	
  	
  	
  𝑚X ≈	
  
Z[
\
ensures	
  

validity	
  of	
  assumption	
  𝐵 𝐻 → ℎ𝜒𝜒 = 1.

• The	
  DM	
  candidate	
  is	
  a	
  Dirac	
  fermion	
  in	
  (a)	
  and	
  (b),	
  scalar	
  in	
  (c).

(a) (b) (c)
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• Look	
  for	
  ℎ → 𝛾𝛾,	
  so	
  the	
  final	
  state	
  signature	
  consists	
  of	
  two	
  high-­‐𝑝e

isolated	
  photons	
  and	
  significant	
  𝐸ghijj (measured	
  by	
  𝑆klmnoo).

• Selected	
  events	
  are	
  split	
  into	
  5	
  categories	
  with	
  complementary	
  sen-­‐

sitivities (events	
  in	
  each	
  category	
  are	
  removed	
  from	
  all	
  below	
  it):

arXiv:1706.03948∫𝓛	
  𝒅𝒕�
� =	
  36.1	
  fb-­‐1
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• 𝑚pp distribution	
  of	
  data,	
  SM	
  bkg,	
  and	
  

𝑍′P	
  signal	
  in	
  the	
  mono-­‐Higgs	
  category.

• Good	
  agreement	
  between	
  data	
  and	
  SM	
  

constrains	
  𝑍′P and	
  𝑍′-­‐2HDM	
  rates.	
  
arXiv:1706.03948
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• 𝑚pp distribution	
  of	
  data,	
  SM	
  bkg,	
  and	
  

heavy	
  Higgs	
  signal	
  in	
  “High-­‐𝐸eZqrr”	
  (top)	
  

and	
  “Different-­‐Vertex”	
  categories.

• Good	
  agreement	
  between	
  data	
  and	
  SM	
  

constrains	
  𝜎 𝑝𝑝 → ℎ𝜒𝜒 ×𝐵 ℎ → 𝛾𝛾 .

arXiv:1706.03948
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• 𝑍′-­‐2HDM	
  only.

• Complements	
  𝛾𝛾𝐸ghijj

search,	
  which	
  is	
  more	
  

effective	
  in	
  the	
  low-­‐

mass,	
  𝐸ghijj regime.	
  

• Fit	
  to	
  dijet mass	
  in	
  four	
  

bins	
  of	
  𝐸ghijj.

• A	
  single	
  “fat”	
  jet	
  is	
  

used	
  in	
  the	
  highest	
  

𝐸ghijj bin. ATLAS-­‐CONF-­‐2017-­‐028
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• The	
  lack	
  of	
  any	
  significant	
  disagreement	
  between	
  SM	
  predictions	
  

and	
  data	
  leads	
  to	
  exclusion	
  of	
  the	
  𝑚tu,𝑚w parameter	
  space.	
  

∫𝓛	
  𝒅𝒕�
� =	
  36.1	
  fb-­‐1

ATLAS-­‐CONF-­‐2017-­‐028
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• In	
  addition	
  to	
  multiple	
  (jets,	
  candidate	
  events	
  must	
  have,	
  at	
  least,	
  
either 3	
  leptons	
  and	
  1	
  𝑏-­‐tags	
  (3𝑙1𝑏)	
  or 1	
  lepton	
  and	
  4 𝑏-­‐tags	
  (1𝑙4𝑏).

arXiv:1706.03986
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∫𝓛	
  𝒅𝒕�
� =	
  36.1	
  fb-­‐1 arXiv:1706.03986
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• Cleanest	
  channel	
  to	
  study	
  Higgs	
  coupling	
  to	
  2nd generation	
  fermions.

• SM:	
  𝐵 ℎ → 𝜇𝜇 = 2.2×10z{ ≈ 0.1×𝐵 ℎ → 𝛾𝛾

• Dominated	
  by	
  irreducible	
  background	
  from	
  𝑍/𝛾∗ → 𝜇𝜇.

arXiv:1705.04582
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• Run	
  2	
  observed	
  (expected)	
  95%	
  

CL	
  upper	
  limit	
  on	
  𝐵 ℎ → 𝜇𝜇 :	
  

3.0	
   3.1 	
  × SM	
  prediction.

• Combined	
  with	
  Run	
  1:

𝐵 ℎ → 𝜇𝜇 < 2.8	
   2.9 	
  × SM	
  pred

∫𝓛	
  𝒅𝒕�
� =	
  36.1	
  fb-­‐1

arXiv:1705.04582
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• Sensitive	
  to	
  Yukawa	
  coupling	
  of	
  the	
  

strange	
  quark.

• Reconstruct	
  𝜙 →	
  𝐾+ 𝐾−	
  (𝐵 = 0.49)

• Two	
  high-­‐𝑝𝑇 (>20,	
  15	
  GeV)	
  tracks	
  with	
  

Δ𝑅 < 0.05,𝑚(𝐾𝐾) ≈ 𝑚𝜑	
  recoiling	
  

against	
  a	
  high-­‐𝑝𝑇	
  𝛾 (> 35 GeV).

• Dedicated	
  trigger	
  (𝜖 ≈ 0.78	
  × offline).

• Data-­‐driven	
  background	
  modeling	
  

using	
  templates	
  (non-­‐parametric).
Phys.	
  Rev.	
  Lett.	
  117,	
  111802	
  (2016)
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• Unbinned	
  maximum-­‐likelihood	
  fit	
  to	
  𝑚 𝐾𝐾𝛾

• SM	
  prediction:
• 𝐵 ℎ → 𝜙𝛾 = (2.3	
   ± 0.1)×10z�

• 𝐵 𝑍 → 𝜙𝛾 = (1.17	
   ± 0.08)×10z�

∫𝓛	
  𝒅𝒕�
� =	
  2.7	
  fb-­‐1Phys.	
  Rev.	
  Lett.	
  117,	
  111802	
  (2016)
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• Look	
  for	
  𝑝𝑝 → 𝑍ℎ → 𝑙𝑙 +	
  𝐸ghijj

• SM:	
  𝜎 𝑝𝑝 → 𝑍ℎ ×𝐵 𝑍 → 𝑙𝑙 ≈ 89	
  fb	
  at	
   𝑠� = 13 TeV.

ATLAS-­‐CONF-­‐2016-­‐056
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• Good	
  agreement	
  between	
  data	
  

and	
  SM	
  prediction	
  constrains	
  the	
  

rate	
  of	
  𝑝𝑝 → 𝑍ℎ → 𝑙𝑙 +	
  𝐸ghijj

∫𝓛	
  𝒅𝒕�
� =	
  13.3	
  fb-­‐1

ATLAS-­‐CONF-­‐2016-­‐056
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• Extensive	
  studies	
  of	
  Higgs	
  production	
  and	
  decay	
  properties	
  – rates	
  

and	
  kinematics	
  – constitute	
  a	
  rich	
  program	
  of	
  physics	
  at	
  the	
  LHC.

• Most	
  processes	
  that	
  the	
  SM	
  predicts	
  too	
  rare	
  to	
  be	
  accessible	
  yet	
  

remain	
  unobserved,	
  but	
  we	
  remain	
  vigilant	
  for	
  any	
  sign	
  of	
  

enhancements	
  predicted	
  by	
  a	
  variety	
  of	
  BSM	
  scenarios.

• Improved	
  statistics,	
  analysis	
  techniques,	
  inclusion	
  of	
  new	
  channels,	
  

combination	
  of	
  different	
  channels	
  have	
  improved,	
  and	
  will	
  continue	
  

to	
  improve,	
  results.	
  Several	
  new	
  analyses	
  are	
  underway.

• HL-­‐LHC	
  will	
  improve	
  sensitivity	
  of	
  statistically	
  limited	
  analyses.	
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