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The	  truth	  is,	  the	  Science	  of	  Nature	  
has	  been	  already	  too	  long	  made	  only	  
a	  work	  of	  the	  Brain	  and	  the	  Fancy:	  	  
It	  is	  now	  high	  Bme	  that	  it	  should	  
return	  to	  the	  plainness	  and	  
soundness	  of	  Observa:ons	  on	  
material	  and	  obvious	  things.	  
	  
Robert	  Hooke	  	  
Micrographia,	  1665	  
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Hooke’s apparatus 
1665	  
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Our	  apparatus	  
Proton-‐proton	  
Controlled	  environment	  
7	  à	  14	  TeV	  CM	  energy	  

26.659	  km	  circumference	  
9300	  magnets	  	  
Lorentz	  factor	  ~7000	  
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Our	  detectors…	  

RoboCc	  assembly	  of	  precision	  silicon	  tracker	  (2004	  !	  2005)	  
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Dijet	  invariant	  mass	  =	  8.8	  TeV	  



The	  new	  boson	  
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InteresCng	  decay	  modes:	  

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

InteresCng	  produc:on	  modes:	  

gg	  fusion	  (discovery) 	  	  
VV	  !	  H 	  (4.3σ) 1507.04548	  
W/Z	  +	  H 	  (2.5σ) 1506.06641	  
]	  +	  H	   	  (2.5σ) 1506.05988	  
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January 2016 
Extended higgs sector 
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Cross	  sec:on	  in	  picobarns	   Total	  inelasCc	  is	  73	  billion	  pb	  



Stability	  –	  for	  dark	  ma]er	  candidate	  

Standard	  

heavy	  
exoCc	  

lighter	  
exoCc	  

Decay	  

Standard	  
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JETS	  +	  MISSING	  MOMENTUM	  

The	  signal…	  

Jets 

PTmiss	  
Jets 
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JETS	  +	  MISSING	  MOMENTUM	  

Background?	  

Jets 

PTmiss	  
Jets 
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neutrino	  

neutrino	  

Z	  !	  νν	  +	  jets	  	  



JETS	  
From	  collisions	  

Jets: 
Had. Calorimeter 
E.M. Calorimeter 
Tracks from vertex 
In-time 
 
b,c quark jets 
"  can decay 
to neutrinos  
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JETS	  +	  MISSING	  MOMENTUM	  

Measurements	  

Jets: 
Δφ cut 
 
Reduce: 
Had. Calorimeter 
E.M. Calorimeter 
Tracks from vertex 
 
Measure remainder 
at small Δφ  
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JETS	  +	  MISSING	  MOMENTUM	  

From	  cosmics	  

Reduce by:  
(a) requiring tracks 
with jets 
(b) look for muon 
hits 
 
Measure remainder: 
(a) no beam 
(b) timing January	  2016	   Alan	  Barr	   20	  



JETS	  +	  MISSING	  MOMENTUM	  

From	  beam	  halo	  

Reduce by requiring tracks with jets 
Measure remainder with single beam /  timing 
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JETS	  +	  MISSING	  MOMENTUM	  

Calorimeter	  noise	  

Reduce by 
requiring tracks 
with jets 
 
Measure remainder 
(a) no beam 
(b) timing 
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Missing	  momentum	  

Events	  

SUSY	  contribu:on	  

SM	  background	  
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Mass	  of	  strongly	  produced	  par:cle	  
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Run-‐1	  Summary	  of	  
Supersymmetry	  

Interpreted	  in	  the	  general	  	  
[19-‐parameter]	  pMSSM	  	  

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

Allow	  SparCcle	  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	  simulaCon	  
–  600	  million	  :	  signal	  events	  thru	  GEANT	  

Present	  exclusion	  (fracCon	  of	  models)	  in	  
2D	  or	  1D	  projecCons	  
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Overall	  summary	  of	  22	  different	  	  
ATLAS	  Run-‐1	  search	  papers	  

1508.06608	  



SUSY:	  Scalar	  quarks?	  

Simplified	  model	  

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

Excluded	  
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SUSY:	  Scalar	  tops	  and	  bo]oms?	  

1506.08616	  January	  2016	   Alan	  Barr	  

Stop	  

Sbo]om	  

1508.06608	  

t1	  !	  c	  +	  LSP	  

t1	  !	  W	  +	  b	  +	  LSP	  

t1	  !	  t	  +	  LSP	  

So…	  
30	  



Run-‐1	  search	  summary	  
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2012	  /	  2015	  

www.hep.ph.ic.ac.uk/~wsBrlin/plots/plots.html	  	  
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13	  TeV	  wins	  8	  TeV	  wins	  
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h]ps://cds.cern.ch/record/2114854	  	  

Observed:	  	  21	  	  
Expected:	  	  10.3	  

Observed:	  	  	  	  29	  
Expected:	  	  	  	  10.6	  ±	  3.2	  

1503.03290	  

Dilepton	  +	  	  jets	  +	  MET	  



LHC	  schedule	  We	  are	  here	  

≈	  4/h	  
Analysed	  for	  CERN	  End	  Of	  
Year	  Event	  (December	  2015)	  	  
h]ps://indico.cern.ch/event/442432/	  	  

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