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1.   Gluon	
  
fusion	
  

2.   VBF	
  

3.   VH	
  

4.   ttH	
  

LHC	
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¡  Direct	
  decay	
  via:	
  
§  Gauge	
  coupling.	
  
(WW,	
  ZZ)	
  

§  Yukawa	
  coupling.	
  
(bb,	
  ττ)	
  

¡  Decay	
  through	
  loops.	
  
(γγ,	
  Zγ)	
  
§  Heavily	
  suppressed	
  BR.	
  

¡  Decay	
  to	
  cc	
  and	
  gg	
  
undetectable	
  at	
  the	
  LHC.	
  

http://goo.gl/uiWwA	
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¡ …is	
  the	
  most	
  sensitive	
  for	
  mH	
  <	
  125	
  GeV.	
  
§ Where	
  electroweak	
  measurements	
  point	
  to.	
  	
  

¡ …	
  has	
  excellent	
  mass	
  resolution.	
  
§  Unlike	
  bb,	
  ττ,	
  or	
  WW.	
  

¡ …	
  has	
  some	
  background.	
  
§  Allows	
  to	
  gauge	
  sensitivity.	
  
§  Unlike	
  the	
  golden	
  decay:	
  ZZ→4l.	
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¡  Cut-­‐based	
  analysis.	
  
[PLB	
  710	
  (2012)	
  403-­‐425]	
  

1.  Di-­‐jet	
  tagged	
  events	
  for	
  VBF	
  production.	
  
2.  Remaining	
  events	
  split	
  by	
  resolution	
  and	
  S/B:	
  
▪  Photon	
  pseudorapidity	
  (barrel	
  /	
  endcap).	
  
▪  Photon	
  shower	
  shape	
  (unconverted	
  /	
  converted	
  /	
  π0).	
  

¡  Multivariate	
  (MVA)	
  analysis.	
  
[CMS-­‐PAS-­‐HIG-­‐12-­‐001]	
  
§  Event-­‐by-­‐event	
  boosted	
  decision	
  tree	
  (BDT)	
  

classifier.	
  
▪  Details	
  in	
  the	
  coming	
  slides.	
  

§  Sensitivity	
  improvement	
  equivalent	
  to	
  
~	
  50%	
  more	
  integrated	
  luminosity.	
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Total SM Higgs cross sections at the LHC
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[Krämer (’02)]

t
t

t
H

q

q
V

H
V

W

q H

q
_

, Z

q

t

_
t

q
_

H



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   8	
  



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   9	
  



Photon	
  energy	
  resolution	
   Angular	
  resolution	
  

Photon	
  
energies	
  

Di-­‐photon	
  
opening	
  
angle	
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¡  Unconverted	
  photons	
  have	
  no	
  tracks.	
  
¡  CMS	
  ECAL	
  is	
  homogeneous,	
  optimized	
  for	
  
energy	
  resolution,	
  no	
  pointing	
  ability.	
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¡  Main	
  handles:	
  
§  Di-­‐photon	
  recoil	
  tracks.	
  
▪  Good	
  at	
  high	
  pT.	
  
▪  Validated	
  with	
  Z→μμ	
  
events.	
  è	
  

§  Photon	
  conversion	
  
tracks.	
  
▪  Validated	
  with	
  γ-­‐jet	
  
events.	
  



¡  Make	
  use	
  of	
  several	
  
event	
  quantities:	
  
§  Total	
  number	
  of	
  vertices.	
  
§  For	
  each	
  vertex:	
  
▪  MVA	
  score.	
  
▪  Distance	
  to	
  best	
  vertex.	
  

§  Di-­‐photon	
  pT.	
  
§  Number	
  of	
  identified	
  
conversions.	
  

¡  Validation	
  in	
  Z→μμ	
  
events.	
  è	
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Mγγ	
  =	
  121.9	
  GeV	
  
Mjj	
  =	
  1460	
  GeV	
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mH	
  =	
  120	
  GeV	
  
1	
  ×	
  SM	
  



No	
  MVA	
  
MVA	
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http://goo.gl/CVm6s	
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 After Moriond 2012, new fits disfavor the SM and 
 motivate for New Physics

P. Giardino, K. Kannike, M. Raidal, A. Strumia, 1203.4254

red = no Higgs boson
green = SM
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¡  ECAL	
  energy	
  resolution	
  performance	
  ~1%.	
  
§  First	
  year	
  performance	
  close	
  to	
  ultimate.	
  

¡  Vertex	
  determination	
  without	
  pointing	
  calorimeter.	
  
§  …despite	
  10	
  pileup	
  interactions	
  on	
  average.	
  

¡  Di-­‐jet	
  tag	
  providing	
  insight	
  into	
  VBF	
  production.	
  
§  Heavily	
  exploited	
  by	
  phenomenologists.	
  

¡  In	
  110—150	
  GeV,	
  1.6	
  σ	
  for	
  mH=125	
  GeV.	
  
§  “More	
  data	
  required	
  to	
  understand	
  the	
  nature	
  of	
  the	
  excess.”	
  
§  2012	
  data	
  has	
  more	
  than	
  double	
  the	
  pileup…	
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0.14%	
  

6	
  months	
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1.0	
  GeV	
  resolution	
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Isolation	
  
(activity	
  around	
  a	
  photon)	
  

Shower	
  shape	
  
(photon	
  energy	
  distribution)	
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Beamline	
  
(z	
  axis)	
  

ECAL	
  deposit	
  

Conversion	
  track	
  

Conversion	
  vertex	
  



PER	
  VERTEX	
  MVA	
   PER	
  EVENT	
  MVA	
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  ET=	
  86	
  GeV	
  

	
  ET=	
  56	
  GeV	
  



[CMS-­‐PAS-­‐HIG-­‐12-­‐008]	
  

Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   45	
  



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   46	
  



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   47	
  



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   48	
  



Jornadas	
  LIP	
  2012	
   andre@lip.pt	
   49	
  


