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Overview:	  
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Main	  Diagram:	  

Gluon	  fusion	  
Vector	  Boson	  fusion	  
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Overview:	  
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 	  Largest	  BR	  for	  MH	  >140	  GeV	  
 	  Contributes	  significantly	  down	  to	  125	  GeV	  
 	  Workhorse	  channel	  at	  the	  Tevatron	  and	  at	  the	  LHC	  



Comparing	  sub-‐channels:	  

12	  Jindariani,	  Chicago	  Workshop	  on	  LHC	  Physics'12	  

 [GeV]HM
100 200 300 400

 B
R

 [p
b]

× 

-410

-310

-210

-110

1

10

LH
C

 H
IG

G
S 

XS
 W

G
 2

01
2

 = 8TeVs

µl = e, 
,µ,e = 

q = udscb

bb± lWH 

bb-l+ lZH 
b ttbttH 

-+ VBF H 

-+

qq± lWW 

-l+ lWW 

qq-l+ lZZ 

-l+ lZZ 

-l+l-l+ lZZ 

Highest	  signal	  yield	  in	  most	  
of	  the	  Higgs	  mass	  range	  

WW	  -‐>	  2l2ν	   WW	  -‐>	  qq	  lν	  

No	  mass-‐
peak	  

Clean	  
signature	  

Highest	  
signal	  yield	  

Closed	  
Kinematics	  

Very	  large	  
W+jets	  BG	  

125-‐500	  GeV	   200	  -‐600	  GeV	  

VERY	  LARGE	  SPAN!	  
Focus	  today	  



Di-‐lepton	  channel:	  
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μ	  PT=32	  GeV	  

e	  PT=34	  GeV	  

MET=47	  GeV	  

  Signature:	  
  Two	  –high	  pT	  leptons	  
and	  large	  MET	  

 No	  reconstructed	  mass-‐
peak	  

 No	  peak:	  
  Count	  events	  with	  signal	  
–like	  kinematics	  

  Need	  to	  know	  how	  many	  
of	  them	  are	  not	  signal	  

  Its	  all	  about	  backgrounds	  
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H→WW→eμνν	  candidate	  
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Divide	  and	  conquer:	  
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  Categorize	  events	  based	  on	  number	  
of	  jets	  in	  the	  final	  state:	  	  
  Reduce	  top,	  isolate	  VBF	  (2j)	  

  Categorize	  events	  based	  on	  di-‐lepton	  flavor	  
  Isolate	  DY	  

From	  no-‐jets	  
to	  one	  jet	  



Signal	  ExtracHon:	  
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	  0-‐Jets	   	  1-‐Jets	   	  2-‐Jets	  

Different	  
Flavor	  

	  	  2D-‐shape	   	  2D-‐shape	   cut-‐	  and	  
count	  

Same	  
Flavor	  

cut-‐	  and	  
count	  

cut-‐	  and	  
count	  

cut-‐	  and	  
count	  

 Opposite	  flavor	  channels	  have	  higher	  sensitivity	  –	  
take	  advantage	  of	  shape	  information	  

  	  Same-‐flavor	  states	  –	  large	  fake	  MET	  in	  high	  PU	  
  Suffers	  from	  large	  systematic	  uncertainties	  
  Cut	  and	  count	  there	  



Cut	  and	  count	  analysis:	  
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Shape	  analysis:	  
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  2D	  [MT,Mll]	  
  Allows	  good	  discriminations	  against	  WW	  and	  W+jets	  

Signal	   Background	  

0-‐jets	  



Shape	  analysis	  (0-‐jets):	  
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 Plot	  (data-‐Background)	  in	  2D	  
 Can	  also	  unroll	  into	  a	  1D	  
distribution	  

0-‐jets	  



Shape	  analysis	  (1-‐jet):	  
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  Same	  plots	  but	  for	  events	  
with	  1	  jet	  

1-‐jet	  



PuPng	  everything	  together:	  
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PuPng	  everything	  together:	  
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8	  TeV	  only	   7+8	  TeV	  

Sizable	  excess	  can	  be	  seen	  in	  both	  plots	  



Anatomy	  of	  the	  excess:	  
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Expected/Observed	  
significance	  4.1	  (3.1)	  sigma	  

Best	  fit	  value	  for	  signal	  
strength	  0.74+-‐0.25	  



Anatomy	  of	  the	  excess:	  
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Expected/Observed	  
significance	  4.1	  (3.1)	  sigma	  

Best	  fit	  value	  for	  signal	  
strength	  0.74+-‐0.25	  

Observation	  in	  
WW!	  



Single-‐lepton	  :	  
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  Sensitive	  in	  the	  region	  mH=[200,600]	  
GeV	  

  	  Event	  selection	  –	  single	  lepton	  and	  2	  
or	  3	  jets	  
  Kinematic	  fit	  with	  constraints	  	  

  M(lnu)=MW	  

  M(jj)=MW	  

  Allows	  for	  reconstruction	  of	  Higgs	  
mass	  

  mH-‐dependent	  angular	  likelihood	  
discriminant	  to	  optimize	  W+jets	  
rejection	  



Single-‐lepton	  :	  
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8	  TeV	  only	   7+8	  TeV	  

Exclusion	  range:	  215-‐490	  and	  525-‐600	  GeV	  at	  95%	  
confidence	  level.	  



Conclusions:	  
  H-‐>WW	  is	  a	  very	  important	  part	  of	  CMS’s	  Higgs	  program	  

  Large	  signal	  yield	  (though	  no	  mass	  resolution)	  	  
  can	  contribute	  to	  spin/parity	  measurement	  

  CMS	  has	  updated	  both	  single-‐lepton	  and	  di-‐lepton	  
channels	  with	  12	  Z-‐1	  of	  8	  TeV	  luminosity	  
  large	  masses	  are	  excluded	  at	  95%	  C.L.	  
  3.1σ	  excess	  at	  small	  masses	  (with	  4.1σ	  expected)	  

  First	  observation	  of	  Higgs-‐like	  boson	  in	  WW	  mode	  at	  CMS	  
  Signal	  strength	  consistent	  with	  the	  predictions	  
  Another	  round	  goes	  to	  the	  Standard	  Model	  
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Backup:	  
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Comparing	  sub-‐channels:	  
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Highest	  signal	  yield	  in	  most	  
of	  the	  Higgs	  mass	  range	  



Di-‐lepton	  channel:	  
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  DY	  dominated	  sample	  –	  Z-‐veto	  and	  MET	  
are	  crucial	  [resolution	  at	  high	  PU!!!]	  
  use	  combination	  of	  MET,	  tracker-‐MET,	  

dilepton	  recoil	  to	  distinguish	  signal	  from	  DY	  
with	  fake	  MET	  

<PU>~20	  

  Top	  dominated	  sample:	  
  Jet	  counting	  +	  b-‐tagging	  [low	  

mistag	  rate	  is	  crucial]	  
  	  Verify	  modeling	  in	  events	  with	  at	  

least	  one	  b-‐tag	  

  WW	  dominated	  sample:	  
  Kinematic	  cuts	  to	  explore	  scalar	  

feature	  of	  Higgs	  
  	  Measure	  WW	  x-‐section	  



MT	  for	  event	  with	  Mll<50	  
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WW	  selecHon	  yields:	  
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SelecHon	  cuts:	  
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HWW	  Yields:	  
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HWW	  Yields:	  
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HWW	  Yields:	  
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SM	  consistency:	  
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