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Proper)es	
  
measurement	
  

 	
  The	
  signal	
  observa4on	
  is	
  just	
  the	
  beginning	
  …	
  
long	
  road	
  ahead	
  of	
  us:	
  	
  proper4es	
  measurement	
  

 	
  observa)on	
  of	
  an	
  excess	
  -­‐>	
  mass	
  and	
  width	
  

 	
  differen)al	
  distribu)ons	
  -­‐>	
  study	
  tensor	
  structure	
  of	
  
the	
  amplitudes:	
  spin/parity	
  and	
  couplings	
  	
  

 	
  measure	
  amplitude	
  in	
  different	
  channels	
  	
  -­‐>	
  
xsec,	
  branching	
  ra4os	
  and	
  couplings	
  to	
  V	
  and	
  f	
  

 	
  All	
  proper)es	
  are	
  correlated	
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“Higgs-­‐like”	
  most	
  general	
  amplitude	
  
 	
  Same	
  amplitude	
  for	
  produc)on	
  (VV-­‐>X)	
  and	
  decay	
  (X-­‐>VV):	
  

 	
  Spin	
  1:	
  

 	
  Spin	
  2:	
  

 	
  Similarly	
  for	
  decay	
  into	
  fermions:	
  

 	
  Spin	
  0:	
  

(arXiv:1001.3396)	
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From	
  couplings	
  to	
  angular	
  analysis	
  
 	
  General	
  amplitudes	
  implemented	
  in	
  JHU	
  MC	
  	
  -­‐>	
  able	
  to	
  generate	
  any	
  spin	
  hypothesis	
  !!!	
  	
  
QCD	
  LO	
  produc)on	
  but	
  NLO	
  correc)on	
  to	
  decay	
  can	
  be	
  included	
  in	
  effec)ve	
  couplings	
  ai	
  

 	
  Analy)cal	
  computa)on	
  of	
  helicity	
  amplitudes	
  

eg,	
  0+	
  angular	
  distribu)on:	
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(arXiv:1011.3396,	
  hPp://www.pha.jhu.edu/spin/)	
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 	
  Amplitudes	
  parameterize	
  angular	
  distribu)ons	
  -­‐>	
  they	
  can	
  be	
  extracted	
  from	
  data	
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Angular	
  distribu)ons	
  for	
  X-­‐>ZZ	
  (250	
  GeV)	
  

• 	
  “produc)on”	
  angles:	
  	
  	
  	
  	
  	
  
θ*,φ1	



• 	
  decay	
  angles:	
  	
  	
  
θ1, θ2,	
  φ 	



lines	
  =	
  analy)cal	
  
computa)on	
  

dots	
  =MC	
  genera)on	
  

(much	
  info	
  also	
  
from	
  correla)ons!)	
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Angular	
  analysis	
  for	
  Higgs-­‐>ZZ	
  search	
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costheta2
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  vs	
  background	
  -­‐>	
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  search	
  
 	
  Angular	
  informa)on	
  can	
  be	
  used	
  to	
  separate	
  Higgs	
  signal	
  from	
  ZZ	
  background	
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 	
  5	
  angles	
  +	
  mZ1,	
  mZ2	
  +	
  mZZ	
  

• 	
  angles	
  correlated	
  with	
  mZZ	
  

• 	
  offshell	
  (mH<2*mZ)	
  	
  mZ2	
  and	
  
mZ1-­‐mZ2	
  correla)ons	
  very	
  
powerful	
  to	
  separate	
  S/B	
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• 	
  plots	
  with	
  toy	
  MC:	
  CMS-­‐like	
  
resolu)on	
  and	
  acceptance	
  
(shape	
  comparison,	
  normalized	
  to	
  1)	
  

(arXiv:1108.2274	
  
arXiv:1001.3396)	
  



MELA	
  for	
  Higgs	
  search	
  

 	
  Toy	
  analysis	
  with	
  MC	
  
applying	
  CMS-­‐like	
  resolu4on	
  
and	
  acceptance	
  effects:	
  

increase	
  in	
  significance	
  15%-­‐30%	
  
from	
  low	
  to	
  high	
  Higgs	
  mass	
  

• 	
  acceptance	
  effects	
  cancel	
  
in	
  the	
  ra)o	
  to	
  first	
  order	
  

• 	
  unaccounted	
  effects	
  make	
  
likelihood	
  subop)mal	
  	
  

MELA	
  =	
  	
  
Psig	
  

Psig	
  +	
  Pbkg	
  

 	
  Matrix	
  Element	
  Likelihood	
  Approach:	
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Example	
  from	
  CMS:	
  H-­‐>ZZ-­‐>4lep	
  angular	
  analysis	
  

 	
  Significance	
  with	
  10	
  q-­‐1	
  

expected	
  

observed	
  

1D	
   2D	
  

see:	
  M.Klute	
  talk,	
  CMS	
  HIG-­‐12-­‐016	
  

3.2	
  

2.2	
  

3.8	
  

3.2	
  

 	
  Signal	
  
extrac)on	
  
from	
  2D	
  fit:	
  	
  
m(4l)	
  vs	
  
MELA	
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Analysis	
  for	
  X-­‐>ZZ	
  spin	
  /	
  parity	
  
measurement	
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Different	
  spin/parity	
  for	
  X-­‐>ZZ	
  (mX	
  125	
  GeV)	
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 	
  Plots	
  with	
  toy	
  MC:	
  CMS-­‐like	
  
resolu)on	
  and	
  acceptance	
  
(shape	
  comparison,	
  normalized	
  to	
  1)	
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PseudoMELA:	
  	
  
scalar	
  vs	
  pseudoscalar	
  

 	
  Similar	
  approach	
  
for	
  spin-­‐hypothesis	
  
separa)on	
  

pseudoMELA	
  =	
  	
  
P0+	
  

P0+	
  +	
  P0-­‐	
  

Toy	
  results:	
  hypothesis	
  separa)on	
  with	
  20	
  q-­‐1	
  
(assume	
  same	
  signal	
  strength	
  as	
  SM)	
  

separa4on	
  signif:	
  2.1	
  σ	


(number	
  of	
  signal	
  events	
  ~11)	
  

ZZ	
  background	
  
SM	
  Higgs	
  signal	
  

pseudoscalar	
  signal	
  

mX	
  125	
  GeV	
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Example	
  from	
  CMS	
  

• 	
  status:	
  1.6	
  σ	
  expected	
  separa)on	
  with	
  5+5	
  q-­‐1	
  

• 	
  prospects:	
  3	
  σ	
  separa)on	
  before	
  shutdown	
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 	
  Full	
  CMS	
  simula)on,	
  with	
  complete	
  
H-­‐>ZZ	
  analysis	
  (as	
  published)	
  



Spin/parity	
  analysis	
  in	
  X-­‐>WW	
  channel	
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0+	
  vs	
  0-­‐	
  in	
  WW	
  channel	
  (125	
  GeV)	
  

0+	
  x-­‐checked	
  with	
  MCFM	
  

W+	
   W-­‐	
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• 	
  Δφ	
  variable	
  (used	
  to	
  discriminate	
  
Higgs	
  from	
  WW	
  background)	
  	
  
also	
  very	
  powerful	
  to	
  discriminate	
  
different	
  spin	
  hypothesis	
  

0+	
  vs	
  2+m	
  in	
  WW	
  channel	
  (125	
  GeV)	
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see	
  also	
  Ellis	
  et	
  al.	
  arXiv:1202.6660	
  



2D	
  fit:	
  Δφ,	
  m(ll)	
  or	
  mT	
  
CMS-­‐like	
  acceptance	
  cuts,	
  only	
  0-­‐jets	
  opposite-­‐flavor	
  channel	
  

 	
  Toy	
  studies:	
  	
  only	
  par)al	
  info	
  available	
  (kinema)c	
  not	
  fully	
  reconstructable)	
  

loose	
  cuts	
  to	
  avoid	
  sculp)ng	
  distribu)on	
  	
   -­‐>	
  25/250	
  signal/background	
  events	
  per	
  q-­‐1	
  

 	
  10	
  q-­‐1,	
  NO	
  SYSTEMATICS	
  
only	
  WW	
  background	
  

• 	
  Signal	
  significance:	
  
~4.5	
  for	
  spin	
  0,	
  ~	
  3	
  for	
  spin	
  2+	
  

• 	
  Spin	
  separa4on	
  significance:	
  

~	
  1	
  σ	

 ~	
  3	
  σ	



-­‐>	
  2D	
  fit:	
  
mll,	
  mT	
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Conclusions	
  and	
  prospects	
  

 	
  All	
  models	
  can	
  be	
  tested,	
  star)ng	
  from	
  most	
  general	
  couplings	
  

 	
  Combina)on	
  of	
  various	
  channels	
  (eg	
  ZZ,	
  WW):	
   • 	
  increase	
  signal	
  sensi)vity	
  
• 	
  complementary	
  informa)on	
  

 	
  Angular	
  analysis	
  based	
  with	
  analy4cal	
  likelihood	
  (MELA)	
  successfully	
  used	
  	
  

• 	
  to	
  separate	
  X	
  spin	
  hypothesis:	
  3σ separa4on	
  0+/0-­‐	
  before	
  shutdown	
  
• 	
  to	
  boost	
  signal	
  search	
  in	
  X-­‐>ZZ:	
  3σ	
  -­‐>	
  4σ	



 	
  JHU	
  MC	
  available	
  for	
  any	
  spin	
  VV-­‐>X-­‐>VV	
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BACKUP	
  



MELA	
  for	
  S/B:	
  model	
  independent	
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Scenarios	
  studied	
  in	
  arXiv:1001.3396	
  



WW:	
  JHU	
  generator	
  valida)on	
  (J=2)	
  
MX	
  =	
  250	
  GeV	
  (MC	
  valida)on)	
  



WW	
  



Hypothesis	
  separa)on	
  in	
  WW	
  



Hypothesis	
  separa)on	
  in	
  WW	
  
2D (mll/

MT)	


2D (ΔΦ/

MT)	



0+ 	

 4.6 ± 1.0 	

 3.2 ± 1.0 	



0- 	

 4.4 ± 1.0 	

 2.8 ± 1.0 	



signal	
  
significance	
  

2D (mll/MT)	


2D (ΔΦ/

MT)	



0+ 	

 4.6 ± 1.0 	

 3.0 ± 1.0 	



2+ 	

 3.0 ± 1.1 	

 2.5 ± 1.0 	



2D:	
  ΔΦ/mT	
  

2D:	
  mll/mT	
  


