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Two	  orbits	  of	  the	  earth	  ago…	  
•  CP	  established	  
•  m(H)	  at	  2-‐per-‐mille	  

–  ATLAS+CMS	  combina>on	  
•  Decays:	  

–  H	  !	  ZZ	  	  
–  H	  !	  WW	  
–  H	  !	  γγ
–  H! ττ (4.5 σ)
–  BR	  (H!	  inv)	  <	  0.28	  

•  Produc>on:	  
–  gg	  !	  H	  
–  VV	  !	  H	  (4.3σ)
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Open	  ques>ons	  from	  Scalars	  2015	  

•  H(125)	  ques>ons	  
– Precision	  on	  all	  
measurements?	  

– CH	  produc>on?	  
– H+V	  produc>on?	  
– Decays	  to	  fermions?	  
– Self	  couplings	  HHH?	  

•  Addi&onal	  H	  
bosons?	  

•  Dark	  MaCer	  Scalars?	  
•  Supersymmetric	  
scalars?	  

•  Non-‐Higgs	  scalars?	  
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What’s	  new?	  
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2016	  results	  

Scalars	  2015	  -‐	  8	  TeV	  

2017	  
-‐	  reco

rded	  

2015	  



13	  TeV	  x-‐sec>on	  –	  predicted	  &	  measured	  
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What	  do	  these	  data	  look	  like?	  
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Nvtx	  =	  25	  

“Only”	  25	  pileup	  ver>ces	  reconstructed	  here	  



They	  all	  come	  at	  once…	  
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Design	  =	  23	  

Regularly	  	  
above	  60	  



Controlling	  the	  rates…	  
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MET	  trigger	  rate	  without	  	  
pileup	  suppression	  

With	  pileup	  	  
suppression	  
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hdp://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-‐2017-‐005/	  	  
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Higgs	  boson	  mass	  
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Z	  à	  μμ	  
J/φ	  à	  μμ	  

m(H):	  it’s	  all	  about	  precision	  
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Per-‐mille	  agreement	  between	  MC	  and	  data	  on	  masses	  

e.g.:	  muon	  drij	  tubes	  laser	  monitored	  
~10	  um	  precision	  over	  40m	  length	  



Pushing	  down	  precision	  on	  the	  mass	  
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ATLAS-‐CONF-‐2017-‐046	  

Different	  measurements	  in	  good	  agreement	  

Hà	  γγ	  also	  benefided	  from	  	  
calibra>on	  improvements	  



Summary	  of	  mH	  to	  date	  
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2-‐per-‐mille	  precision	  from	  single	  experiment	  

H-‐>ZZ*	  stats	  limited…	  	  room	  for	  improvement	  

ATLAS	  only	  
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1708.02810	  

Select	  

With	  increasing	  stats…	  



Differen>al	  H!	  4l	  
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1708.02810	  

Differen&al	  distribu&ons	  
•  Jet	  mul>plicity	  
•  pT,4ℓ	  
•  |y4ℓ|	  
•  m34	  
•  and	  more…	  

•  |cosθ*|	  
•  pTlead.jet	  
•  Δφjj	  
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CH	  [Hà	  WW*,	  ττ,	  ZZ*]	  
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ATLAS-‐CONF-‐2017-‐077	  

Various	  decay	  modes	  	  
contribute	  to	  different	  
Signal	  Regions	  



CH	  [Hà	  WW*,	  ττ,	  ZZ*]	  
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Mul>-‐lepton	  final	  states	  

ATLAS-‐CONF-‐2017-‐077	  

Boosted	  Decision	  Tree	  
selects	  signal-‐like	  events	  



dH	  [H-‐>bb]	  
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Mul&-‐jet	  &	  mul&-‐b-‐jet	  BDT	  analysis	  
Small	  S/B	  
"	  Systema>cs	  are	  important	  

ATLAS-‐CONF-‐2017-‐076	  

Background	  modelling	  	  
systema>cs	  dominate	  

Sherpa+OpenLoops	  

23	  
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H	  à	  bb	  

CH	  summary	  

H	  à	  γγ
-‐compe&&ve	  	  
-‐stats	  limited	  



VH,	  H	  !	  bb	  
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VH	  produc>on	  [H!	  bb]	  
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arXiv:1708.03299	  

ZH	  →	  ννbb	  ̄,	  WH	  →	  lνbb	  ̄	  and	  ZH	  →	  llbb	  ̄	  	  



VH	  distribu>on	  in	  mbb	  
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Ajer	  subtrac>on	  of	  all	  backgrounds	  except	  for	  
the	  WZ	  and	  ZZ	  diboson	  processes	  

arXiv:1708.03299	  



VH	  [H!	  bb]	  produc>on	  
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3.5σ	  observed	  
(3.0σ	  exptd)	  

arXiv:1708.03299	   See	  also:	  arXiv:1707.06958	  
for	  hadronic	  final	  state	  	  



VH,	  H	  !	  cc	  

Barr	  Scalars	  2017	   29	  

ATLAS-‐CONF-‐2017-‐078	  

σ(VH)	  x	  B	  (H	  -‐>	  cc)	  <	  2.7	  pb	  observed	  (3.9	  pb	  expected)	  
	   	  [SM:25.5	  g	  –	  about	  two	  orders	  of	  magnitude	  larger]	  

SM	  x1000	  



Other	  “tough”	  modes	  
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1708.00212	  

σ.B	  <	  2.8	  (2.9)	  x	  σSM.BSM	  
	  obs(exp)	  

BSM(H	  à	  µµ)	  =	  2.2	  x	  10-‐4	  

1705.04582	  

BSM(H	  à	  Zγ)	  	  =	  1.5	  x	  10-‐3	  

σ.B	  <	  6.6	  (5.2)	  x	  σSM.BSM	  
	  obs(exp)	  

"	  Already	  constrain	  BSM	  physics	  
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For	  searchable	  list	  of	  SUSY	  search	  analyses	  see:	  
hdps://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults	  	  

Scalar	  tops	  

SUSY	  &	  Dark	  Mader?	  

SUSY-‐2016-‐18	  



Something	  heavy?	  
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See	  also	  
arXiv:1710.07235	  
	  	  

arXiv:1708.04445	  	  



Fat-‐jet	  pair	  invariant	  mass	  
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arXiv:1708.04445	  	  



Doubly	  charged	  Higgs	  
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1710.09748	  	  

l 	  in	  {e,	  µ}

σ	  x	  B	  <~	  0.1	  �	  	  

Higgs	  triplet	  with	  low	  vev	  
!	  decays	  to	  leptons	  	  
!	  does	  not	  prefer	  heavy	  flavour	  
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Di-‐Higgs	  measurements	  
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Prospects	  @	  3000/�	  (bbγγ)	  	  

ATL-‐PHYS-‐PUB-‐2017-‐001	  ATLAS-‐CONF-‐2016-‐049	  

σ(ΗΗ)	  x	  B	  (HH!	  bbbb)	  <	  330	  �	  
	   	  [SM:	  11	  �]	  

i.e.	  factor	  of	  29	  x	  SM	   	  Single	  analysis:	  -‐0.8	  <	  	  λ/λSM	  <	  7.7	  
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Gather	  more	  data	  through	  2018	  
Phase-‐I	  upgrade:	  trigger	  and	  muon	  system	  



Finding	  out	  more	  
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hdps://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults	  	  



Conclusions	  
•  Larger	  luminosity	  and	  detector	  improvements	  
•  Precision	  increases	  e.g.	  in	  mass	  H(125)	  
•  Evidence	  for	  VH,	  VBF,	  CH	  produc>on	  
•  Direct	  >3σ	  evidence	  for	  couplings	  to	  C,bb	  	  
•  H(125)	  differen&al	  cross	  sec>ons	  in	  several	  
variables	  

•  Tough	  decays	  (µµ, Zγ,	  cc)	  being	  squeezed	  
•  Self	  couplings	  beyond	  current	  reach	  
•  Other	  scalars	  currently	  being	  shy	  
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hdps://twiki.cern.ch/twiki/bin/view/
LHCPhysics/CERNYellowReportPageBR2	  	  



Produc>on	  methods	  
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ATLAS-‐CONF-‐2017-‐047	  	  



LHC	  Schedule	  

Barr	  Scalars	  2017	   44	  
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Addi&onal	  muon	  chambers	  in	  the	  feet	  region	  
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Very	  forward	  detector	  at	  420m	  from	  IP	  



H	  à	  Φγ,	  ργ	  
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ATLAS-‐CONF-‐2017-‐057	  
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Djouadi,	  A.,	  Maiani,	  L.,	  Polosa,	  A.	  
et	  al.	  JHEP	  06	  (2015)	  168	  	  

A/H	  à	  ττ	  

A/H	  à	  C	  



SUSY	  Higgs	  –	  Run	  1	  
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SUSY	  Higgs	  

•  New	  ATLAS	  
results:	  
– A/H	  !	  ττ	  	  

•  arXiv:
1709.07242	  

– A/H	  !	  d	  	  
•  arXiv:
1707.06025	  
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Interpreta>on	  in	  EFT	  
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ATL-‐PHYS-‐PUB-‐2017-‐018/	  	  



H(125)	  invisible	  width	  

VBF	  H(125)	  produc&on	  
•  8	  TeV	  
•  20.3	  /�	  
•  Expect	  BR	  <	  31%	  
•  Observe	  BR	  <	  28%	  
•  arXiv:1508.0769	  

Associated	  H(125)	  +	  Z	  
•  13	  TeV	  
•  36.1/�	  
•  Expect	  BR	  <	  39%	  
•  Observe	  BR	  <	  67%	  

–  2.2σ	  excess	  reduces	  
exclusion	  

•  1708.09624	  
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H(125)	  total	  width	  

•  Measure	  WW	  and	  ZZ	  final	  states	  
•  Look	  at	  off-‐resonance	  contribu>ons	  
•  Interpret	  as	  total	  width	  constraint:	  
•  ΓH	  /	  ΓH

SM	  <	  4.5	  à	  7.5	  @	  95%	  CL	  
– Depending	  on	  k-‐factor	  

•  i.e.	  ΓH	  <	  22.7	  MeV	  (obs)	  
– <	  33.0	  MeV	  expected	  

•  arXiv:1503.01060	  	  
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