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A	
  large	
  dataset	
  at	
  7-­‐8	
  TeV	
  

µ=20.7	
  µ =	
  9.1	
  

Remains	
  the	
  largest	
  dataset	
  
for	
  physics	
  at	
  	
  	
  √s	
  ≈	
  100	
  GeV	
  

7	
  TeV: 	
  5/:	
  	
   8	
  TeV: 	
  21/:	
  

Higgs	
  results	
  on	
  these	
  data	
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  487	
  Papers	
  Submi0ed	
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The	
  new	
  boson	
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InteresPng	
  decay	
  modes:	
  

ZZ	
  (2.6%)	
  
WW	
  (22%)	
  
γγ (0.23%)
ττ (6.3%)	
   	
  (4.5σ) 	
  1501.04943	
  	
  
bb	
  (58%) 	
   	
  (1.4σ) 1409.6212	
  

InteresPng	
  produc&on	
  modes:	
  

gg	
  fusion	
  (discovery) 	
  	
  
VV	
  !	
  H 	
  (4.3σ) 1507.04548	
  
W/Z	
  +	
  H 	
  (2.5σ) 1506.06641	
  
\	
  +	
  H	
   	
  (2.5σ) 1506.05988	
  

discovery	
  



1506.05669	
  

All	
  tested	
  alternaPve	
  
models	
  	
  excluded	
  	
  at	
  
>99.9%	
  CL	
  

JP	
  =	
  0+?	
  
0-­‐	
  excluded	
  

2+	
  excluded	
  

Also	
  constraints	
  
on	
  mixtures	
  !	
  see	
  paper	
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The	
  previously	
  unknown	
  quanPty…	
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arXiv:1503.07589	
  

+	
  

2	
  per	
  mille	
  	
  
precision	
  on	
  mass	
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Higgs	
  boson	
  mass	
  



Couplings	
  to	
  SM	
  parPcles…	
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Scale	
  factors	
  κf	
  for	
  	
  
Yukawa	
  interacPons	
  

Scale	
  factors	
  κV	
  for	
  	
  
W,Z	
  interacPons	
  



Couplings	
  to	
  other	
  SM	
  parPcles	
  

1507.04548	
  (Jul	
  2015)	
  

First	
  measurements	
  
!	
  over	
  three	
  orders	
  
of	
  magnitude	
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ATLAS-­‐CONF-­‐2015-­‐044	
  (Sept	
  2015)	
  

Reasonable	
  agreement	
  	
  
with	
  SM	
  @	
  O(1)	
  level	
  
	
  
Overall	
  p-­‐value	
  16%	
  
	
  

BRbb/BRZZ	
  	
  :	
  2.5	
  σ	
  deficit	
  

+	
  Higgs	
  boson	
  rates	
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No	
  Pme	
  to	
  discuss	
  e.g.:	
  
!  rare	
  decays	
  e.g.	
  Zγ
! Flavour	
  violaPng	
  decays	
  

4200	
  nuisance	
  parameters	
  



Couplings	
  to	
  invisibles?	
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BRinv<0.28	
  @	
  95%CL	
  

VBF	
  producPon	
  
V+H	
  associated	
  producPon	
  
followed	
  by	
  H	
  !	
  invisible	
  

1508.07869	
  

Higgs	
  portal	
  model	
  

1509.00672	
  



Constraint	
  on	
  total	
  width	
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  1503.01060	
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Constraints	
  on	
  Higgs	
  self-­‐couplings	
  
1509.04670	
  

Four	
  different	
  final	
  states	
  
	
  	
  	
  bb	
  γγ 	
  
	
  	
  	
  bb	
  ττ
	
  	
  	
  WW	
  γγ
	
  	
  	
  bb	
  bb

December	
  2015	
   Alan	
  Barr	
   15	
  

Non-­‐resonant:	
  σobs	
  <	
  700	
  : 	
  	
  
	
  	
  	
  	
  (70	
  Pmes	
  SM	
  value)	
  
	
  

Not	
  expected	
  to	
  be	
  sensiPve	
  to	
  
SM	
  coupling	
  for	
  some	
  Pme…	
  

Higgs	
  pair	
  producPon	
  

Cross	
  secPon	
  limit	
  for	
  	
  
resonant	
  producPon	
  

Standard	
  Model	
  non-­‐resonant	
  
cross-­‐secPon:	
  9.9	
  	
  ±	
  1.3	
  :	
  

! High	
  Luminosity	
  LHC	
  
"  ATL-­‐PHYS-­‐PUB-­‐2014-­‐019	
  (bbγγ)	
  
"  ATL-­‐PHYS-­‐PUB-­‐2015-­‐046	
  (bbττ)	
  
! 3/ab	
  100	
  TeV	
  future	
  collider	
  
"  E.g.	
  1412.7154,	
  1504.02334,	
  1504.08042,	
  1506.08008,	
  …	
  





Decays	
  to	
  light	
  scalars	
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1509.05051	
  

1504.03634	
  
ℎ→  aa  →𝜇𝜇  𝜏𝜏	
  	
  

𝐻→  aa  →γγ  γγ	
  

1505.01609	
  

Limits	
  up	
  to	
  m(h)=500	
  GeV	
  

m(h)=125	
  GeV	
  



People	
  good	
  at	
  spopng	
  
long-­‐lived	
  parPcle	
  decays	
  
(this	
  one	
  not	
  found	
  by	
  algorithm)	
  

“Higgs	
  Hunters”	
  -­‐	
  CiPzen	
  Science	
  Project	
  	
  

Z	
  
μ	
  
μ	
  

Higgs	
  	
  
(125)	
  

φ	
  

φ	
  
​𝑞 	
  

𝑞	
  	
  

jets	
  

Muons	
  
7,000	
  different	
  people	
  
85,000	
  images	
  
860,000	
  classificaPons	
  

www.higgshunters.org 



SUSY:	
  Two-­‐Higgs-­‐doublet-­‐model	
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1509.00672	
  

Two	
  doublets	
  in	
  SUSY	
  models	
  
!	
  8-­‐3	
  =	
  5	
  states:	
  

	
  h,	
  H,	
  A,	
  H±	
  

Excluded	
  

Excluded	
  

2HD	
  Type	
  II,	
  hMSSM	
  



SUSY:	
  Scalar	
  quarks?	
  

1508.06608	
  1507.05525	
  

Simplified	
  model	
  

Squarks	
  constrained	
  below	
  500	
  GeV	
  –	
  1	
  TeV	
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19-­‐parameter	
  pMSSM	
  

Excluded	
  



SUSY:	
  Scalar	
  tops	
  and	
  bo\oms?	
  

1506.08616	
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Stop	
  

Sbo\om	
  

1508.06608	
  

t1	
  !	
  c	
  +	
  LSP	
  

t1	
  !	
  W	
  +	
  b	
  +	
  LSP	
  

t1	
  !	
  t	
  +	
  LSP	
  

So…	
  



13	
  TeV	
  collisions!	
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3	
  June	
  2015	
  



Run-­‐2:	
  Detector,	
  Soxware,	
  Trigger	
  upgrades	
  

Inserted	
  B	
  Layer	
   Cosmic	
  commissioning	
  

Topological	
  first-­‐level	
  trigger	
  Soxware	
  improvements	
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LHC	
  schedule	
  We	
  are	
  here	
  

≈	
  4/:	
  being	
  analysed	
  
	
  

First	
  results	
  @	
  CERN	
  seminar:	
  	
  
15	
  December,	
  3pm	
  
h\ps://indico.cern.ch/event/442432/	
  	
  

≈	
  80/pb	
  	
  
à	
  First	
  results	
  seen	
  at	
  
this	
  year’s	
  Summer	
  Conferences	
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2012	
  /	
  2015	
  

www.hep.ph.ic.ac.uk/~ws>rlin/plots/plots.html	
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13	
  TeV	
  wins	
  8	
  TeV	
  wins	
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Dijet	
  invariant	
  mass	
  =	
  8.8	
  TeV	
  



#	
  Quantum	
  Black	
  Holes	
  excluded	
  for	
  masses	
  <	
  	
  6.5	
  TeV	
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Much	
  excitement	
  about	
  analyses	
  in	
  progress…	
  



Conclusions	
  

•  We	
  have	
  an	
  (apparently)	
  fundamental	
  scalar	
  
•  Couplings	
  to	
  SM	
  parPcles	
  are	
  so	
  far	
  as	
  
predicted	
  
(within	
  rather	
  large	
  uncertainPes)	
  

•  Other	
  scalars	
  proving	
  elusive	
  at	
  present	
  
•  Analysis	
  of	
  Run-­‐2	
  data	
  well	
  in	
  progress	
  
•  Expect	
  update	
  at	
  CERN	
  end-­‐of-­‐year	
  event	
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h\ps://twiki.cern.ch/twiki/bin/view/
LHCPhysics/CERNYellowReportPageBR2	
  	
  



Spin-­‐parity	
  test	
  Lagrangians	
  

1506.05669	
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Global	
  EW	
  fit	
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Constraints	
  on	
  BSM	
  terms	
  in	
  L0	
  

1506.05669	
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Scalar	
  Leptoquarks	
  -­‐	
  limits	
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  1508.04735	
  

1st	
  GeneraPon	
  	
   2nd	
  GeneraPon	
  	
   3rd	
  GeneraPon	
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arXiv:1508.07869	
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h\ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-­‐2014-­‐06	
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h\ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-­‐2014-­‐06	
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1509.00672	
  



Dijet	
  pair	
  with	
  mjj	
  =	
  5.2	
  TeV	
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Other	
  Dark	
  Ma\er	
  searches	
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EFT	
  

Model	
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Scalar	
  leptons?	
  

December	
  2015	
   Alan	
  Barr	
   46	
  
1509.07152	
   1508.06608	
  

On	
  the	
  edge	
  of	
  being	
  	
  
able	
  to	
  constrain	
  staus	
  

Star&ng	
  to	
  constrain	
  
selectrons	
  and	
  smuons	
  



Run-­‐1	
  Summary	
  of	
  
Supersymmetry	
  

Interpreted	
  in	
  the	
  general	
  	
  
[19-­‐parameter]	
  pMSSM	
  	
  

–  “phenomenological”	
  MSSM	
  
–  R-­‐parity	
  conserving	
  
–  Neutralino	
  LSP	
  

Allow	
  SparPcle	
  masses	
  up	
  to	
  4	
  TeV	
  
–  500	
  million	
  models	
  sampled	
  

Apply	
  prior	
  experimental	
  constraints:	
  
–  EW	
  precision	
  measurements	
  
–  Mass	
  bounds	
  e.g.	
  from	
  LEP,	
  Tevatron	
  
–  ΩLSP	
  <	
  ΩPlanck	
  

Consider	
  carefully	
  the	
  remainder	
  
–  310,327	
  :	
  models	
  before	
  Run-­‐1	
  
–  30	
  billion	
  :	
  signal	
  events	
  simulated	
  
–  44,559	
  :	
  models	
  required	
  full	
  simulaPon	
  
–  600	
  million	
  :	
  signal	
  events	
  thru	
  GEANT	
  

Present	
  exclusion	
  (fracPon	
  of	
  models)	
  in	
  
2D	
  or	
  1D	
  projecPons	
  

In
cl
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e	
  

3r
d 	
  g
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er
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El
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ow
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O
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Overall	
  summary	
  of	
  22	
  different	
  	
  
ATLAS	
  Run-­‐1	
  search	
  papers	
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H	
  !	
  ττ	
  exclusions	
  in	
  the	
  pMSSM	
  
h\ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-­‐2014-­‐08/	
  	
  


