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  Higgs	
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h>p://www.newscien-st.com/ar-cle/dn20442	
  	
  

Please	
  check	
  this	
  out:	
  



Introduc-on	
  

•  LHC	
  Higgs	
  combina-on	
  –	
  LHC-­‐HCG	
  –	
  ini-ated	
  
by	
  ATLAS	
  and	
  CMS	
  Spokespersons	
  and	
  
Physics	
  coordinators	
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Mandate	
  
•  Define	
  the	
  strategy	
  for	
  sta-s-cal	
  combina-on	
  of	
  
Higgs	
  results	
  from	
  LHC	
  experiments	
  
–  for	
  EPS	
  &	
  Lepton-­‐Photon	
  conferences	
  (summer	
  2011)	
  and	
  
beyond	
  

•  Prepare	
  the	
  inputs	
  needed	
  for	
  the	
  combina-on	
  
•  Produce	
  and	
  help	
  disseminate	
  the	
  combined	
  results	
  
for	
  SM	
  Higgs	
  

•  Consult	
  with	
  the	
  Sta-s-cs	
  commi>ees	
  of	
  ATLAS	
  and	
  
CMS	
  regarding	
  the	
  sta-s-cal	
  tools	
  and	
  procedures	
  
employed	
  

•  Consult	
  with	
  the	
  Higgs	
  cross	
  sec-on	
  working	
  group	
  
for	
  input	
  on	
  various	
  cross	
  sec-ons	
  and	
  branching	
  
ra-os	
  

•  Several	
  follow	
  up	
  mee-ngs	
  of	
  ATLAS	
  &	
  CMS	
  Higgs	
  
coordinators	
  
–  Developed	
  draX	
  memo	
  of	
  understanding	
  &	
  -meline	
  of	
  
work	
   3	
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Timeline	
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Ini-al	
  Composi-on	
  

Role	
   ATLAS	
   CMS	
  

Higgs	
  WG	
  convener	
   Bill	
  Murray	
   Vivek	
  Sharma	
  

Overall	
  Contact	
   Kétévi	
  A.	
  Assamagan	
   Andrey	
  Korytov	
  

Sta-s-cal	
  Com.	
  Rep.	
   Eilam	
  Gross	
   Gregory	
  Scho>	
  

Higgs	
  XS	
  Rep.	
   Rei	
  Tanaka	
   Chiara	
  Mario^	
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In	
  addi-on:	
  
ATLAS	
  and	
  CMS	
  Spokespersons	
  and	
  Physics	
  Coordinators	
  
With	
  the	
  par-cipa-on	
  of	
  relevant	
  experts	
  as	
  needed	
  



Objec-ves	
  

•  SM	
  Higgs	
  combina-on	
  first	
  
– Summer	
  2011	
  EPS	
  &	
  EP	
  mee-ngs	
  

– Perhaps	
  0.5	
  to	
  1/a	
  per	
  experiment	
  

•  Later,	
  extend	
  to	
  the	
  beyond	
  the	
  SM	
  Higgs	
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The	
  issues	
  to	
  be	
  addressed	
  
•  The	
  common	
  framework	
  to	
  do	
  the	
  combina-on	
  
•  The	
  ATLAS+CMS	
  combined	
  Likelihood	
  
•  Systema-c	
  Errors	
  

–  Correlated	
  and	
  un-­‐correlated	
  between	
  experiments	
  
•  Nuisance	
  parameters	
  
•  Test	
  sta-s-cs	
  
•  Method(s)	
  to	
  be	
  used	
  for	
  combina-on	
  
•  Treatment	
  of	
  nuisance	
  parameters	
  and	
  auxiliary	
  
measurements	
  in	
  toy	
  Exp.	
  

•  Discovery	
  protocols	
  
•  ATLAS+CMS	
  handshakes	
  	
  
•  Documenta-on	
  
•  Time	
  	
  

Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  
BNL	
  May	
  4-­‐6,	
  2011	
   7	
  



The	
  common	
  framework	
  
•  In	
  the	
  RooStat	
  framework	
  
•  Valida-on	
  of	
  RooStat	
  tools	
  done	
  with	
  independent	
  
codes.	
  Also	
  independent	
  checks	
  done	
  in	
  MCLimit	
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One	
  Example.	
  Profile	
  Likelihood:	
  Comparison	
  of	
  simple	
  coun-ng	
  	
  
experiment	
  with	
  different	
  n(obs)	
  	
  and	
  systema-c	
  uncertain-es	
  	
  



The	
  ATLAS+CMS	
  combined	
  Likelihood	
  

•  From	
  the	
  RooStat	
  framework	
  
–  Build	
  WorkSpaces	
  with	
  the	
  data,	
  a	
  model	
  and	
  PDFs	
  
–  Provide	
  ATLAS	
  WorkSpace,	
  CMS	
  WorkSpace	
  and	
  their	
  
combina-ons	
  on	
  both	
  sides	
  

–  Run	
  various	
  limit	
  calculators	
  on	
  both	
  and	
  compare	
  

–  Toy	
  WorkSpaces	
  have	
  been	
  built	
  and	
  exercised	
  for	
  H	
  
	
  WW	
  +	
  0/1/2jets,	
  H	
  	
  gg,	
  H	
  	
  ZZ	
  and	
  their	
  
combina-ons	
  

–  Converged	
  on	
  a	
  uniform	
  name	
  conven-on	
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Nuisance	
  Parameters	
  

•  Gamma	
  PDF	
  for	
  the	
  
nuisance	
  parameters	
  
of	
  un-­‐correlated	
  
systema-cs	
  

•  Log-­‐normal	
  PDF	
  for	
  the	
  
nuisance	
  parameters	
  
of	
  correlated	
  
systema-cs	
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An	
  uncertainty	
  on	
  a	
  nuisance	
  parameter	
  x	
  (e.g.	
  
background,	
  efficiency,	
  cross	
  sec-on,	
  luminosity,	
  etc.	
  )	
  
can	
  be	
  in	
  general	
  described	
  in	
  a	
  form	
  of	
  some	
  probability	
  
density	
  func-on	
  pdf (x) : 	
  



Systema-c	
  Errors	
  
•  Un-­‐correlated	
  systema-c	
  errors	
  

–  e.g.,	
  MC	
  sta-s-cs	
  
–  Control	
  sample	
  measurements,	
  …	
  

•  Correlated	
  systema-cs	
  uncertain-es	
  
–  Luminosity	
  
–  Theore-cal	
  uncertain-es	
  on	
  cross-­‐sec-ons	
  and	
  cross-­‐
sec-on	
  x	
  Acceptance	
  

•  Uncertainty	
  on	
  the	
  total	
  cross-­‐sec-on	
  σtot.	
  This	
  is	
  the	
  
star-ng	
  point	
  

•  To	
  set	
  limit	
  on	
  σ	
  x	
  BR,	
  we	
  are	
  interested	
  in	
  the	
  
uncertain-es	
  on	
  Acceptance	
  (A)	
  

•  Uncertainty	
  on	
  the	
  cross-­‐sec-on	
  within	
  a	
  limited	
  
Acceptance:	
  σA.	
  Needed	
  when	
  se^ng	
  limit	
  in	
  
combining	
  channels.	
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•  First,	
  We	
  group	
  all	
  processes	
  in	
  4	
  categories	
  
based	
  on	
  the	
  prevailing	
  produc-on	
  source	
  

•  Second,	
  we	
  assume	
  PDF+αs	
  systema-c	
  errors	
  
between	
  all	
  processes	
  in	
  one	
  group	
  are	
  100%	
  
posi-vely	
  correlated	
  and	
  not	
  correlated	
  
between	
  processes	
  from	
  different	
  groups.	
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Two	
  data-­‐driven	
  techniques	
  used	
  by	
  ATLAS	
  and	
  CMS	
  to	
  es-mate	
  	
  
WW	
  and	
  >bar	
  backgrounds	
  in	
  H	
  	
  WW	
  	
  2l2ν	
  +	
  0jet.	
  Error	
  
dominated	
  by	
  QCD	
  scale.	
  Associated	
  nuisance	
  parameters:	
  

Given	
  that	
  the	
  cuts	
  are	
  ever	
  evolving,	
  calcula-ons	
  of	
  the	
  acceptance	
  	
  
and	
  extrapola-on	
  factor	
  uncertain-es	
  are	
  to	
  be	
  performed	
  within	
  	
  
the	
  ATLAS	
  and	
  CMS	
  Higgs	
  groups	
  according	
  to	
  the	
  prescrip-ons	
  	
  
from	
  the	
  LHC	
  Higgs	
  cross-­‐sec-on	
  group	
  



•  Uncertain-es	
  on	
  acceptance	
  of	
  all	
  cuts	
  except	
  jet	
  
coun-ng	
  are	
  treated	
  as	
  independent	
  from	
  the	
  total	
  
cross-­‐sec-on.	
  	
  

•  However,	
  for	
  gg	
  	
  H	
  	
  WW+0/1/2jets,	
  the	
  frac-ons	
  
of	
  0-­‐,	
  1-­‐	
  and	
  2-­‐jet	
  bins	
  are	
  sensi-ve	
  to	
  the	
  choice	
  of	
  
the	
  QCD	
  scales.	
  The	
  level	
  of	
  sensi-vity	
  is	
  very	
  similar	
  
to	
  the	
  total	
  cross-­‐sec-on	
  uncertain-es	
  

•  We	
  need	
  a	
  recipe	
  to	
  evaluate	
  the	
  uncertain-es	
  in	
  the	
  
jet-­‐bin	
  frac-on	
  (acceptance)	
  
–  Some	
  guidance	
  has	
  emerged	
  from	
  this	
  workshop:	
  see	
  the	
  
proposal	
  in	
  Rei	
  Tanaka’s	
  summary	
  talk	
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Uncertainty	
  in	
  the	
  jet	
  bin	
  fracQon	
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Superseded	
  by	
  new	
  Proposal?	
  –	
  See	
  the	
  summary	
  talk	
  of	
  Rei	
  Tanaka	
  



Test	
  Sta-s-cs	
  

•  The	
  test	
  sta-s-c	
  is	
  the	
  profile	
  likelihood	
  ra-o:	
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Signal	
  strength	
  

Preferred	
  µ	
  in	
  the	
  first	
  fit	
  

Preferred	
  nuisance	
  parameters	
  in	
  the	
  first	
  fit	
  

Preferred	
  nuisance	
  parameters	
  in	
  the	
  2nd	
  fit	
  

The	
  MINOS	
  Technique	
  



Method	
  to	
  be	
  used	
  for	
  combina-on	
  

•  Tenta-vely	
  agreed	
  on	
  CLs	
  as	
  the	
  method	
  to	
  be	
  
used	
  for	
  the	
  combina-on	
  this	
  summer	
  	
  

Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  
BNL	
  May	
  4-­‐6,	
  2011	
   18	
  



Treatment	
  of	
  nuisance	
  parameters	
  and	
  auxiliary	
  
measurements	
  in	
  toy	
  experiments	
  

•  Sampling	
  the	
  test	
  sta-s-c	
  by:	
  
– Toy	
  MC	
  randomizing	
  nuisance	
  parameters	
  
according	
  PDF	
  

– Toy	
  MC	
  with	
  nuisance	
  parameters	
  fixed	
  at	
  their	
  
nominal	
  values	
  

– Using	
  asymptoQc	
  approximaQon	
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These	
  op-ons	
  and	
  a	
  proposal	
  on	
  how	
  to	
  proceed	
  	
  
are	
  being	
  discussed...	
  



14	
  April	
  2011	
   Andrey	
  Korytov	
   20	
  

Higgs	
  mass	
  mH	
  grid	
  	
  
(mo$va$on	
  for	
  the	
  choice	
  of	
  steps	
  driven	
  γγ,	
  ZZ	
  mass	
  resolu$ons)	
  

mass range step number of points 
110-140 0.5 61  
140-160 1 20 
160-260 2 50 
260-290 2  15  
290-350 5 12 
350-400 10 5 
400-500 20 5 
550, 600 20 5  

Total number of points 173  
Full	
  tables	
  for	
  Higgs	
  XS	
  and	
  BR	
  (with	
  interpola-on	
  for	
  missing	
  
points	
  with	
  spline	
  fit)	
  are	
  now	
  being	
  prepared.	
  



ATLAS+CMS	
  Handshakes	
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•  -­‐	
  ATLAS	
  "pseudo-­‐data”	
  Workspaces	
  for	
  different	
  channels:	
  	
  
–  H	
  	
  WW	
  (llνν)	
  +	
  0/1/2j	
  
–  H	
  	
  γγ	


–  H	
  	
  ZZ	
  	
  4l	
  

•  -­‐	
  CMS	
  "pseudo-­‐data”	
  Workspaces	
  for	
  different	
  channels:	
  
–  H	
  	
  WW	
  (llνν)	
  +	
  0/1/2j	
  
–  H	
  	
  γγ	


–  H	
  	
  ZZ	
  	
  4l	
  

•  These	
  two	
  WorkSpaces	
  are	
  allowed	
  to	
  (and	
  do)	
  give	
  different	
  
results.	
  

•  The	
  combined	
  ATLAS+CMS	
  “pseudo-­‐data”	
  WorkSpaces	
  
–  Combined	
  independent	
  on	
  both	
  sides	
  and	
  cross-­‐checked	
  

•  For	
  this	
  exercise:	
  Channels:	
  H-­‐>WW-­‐>2l2v,	
  H-­‐>γγ,	
  	
  
	
   	
   	
   	
  	
  	
  H-­‐>ZZ-­‐>4l	
  (CMS	
  only)	
  
–  5800	
  un-­‐binned	
  events	
  in	
  37	
  channels	
  
–  98	
  nuisance	
  parameters:	
  12	
  common	
  ones,	
  31	
  ATLAS-­‐specific	
  ones,	
  

55	
  CMS-­‐specific	
  ones.	
  10	
  nuisances	
  were	
  correlated:	
  
luminosity,	
  3	
  x	
  pdf	
  (gg,qq,	
  qqbar),	
  6	
  x	
  scales	
  (ggH,	
  qqH,	
  ggVV,	
  qqVV,	
  
V,	
  >bar).	
  



ATLAS+CMS	
  Handshakes	
  

Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  
BNL	
  May	
  4-­‐6,	
  2011	
   22	
  

Task	
   Done	
  by	
  ATLAS	
   Done	
  by	
  CMS	
  

CLs	
  @µ=1	
  for	
  ATLAS	
  Workspaces	
  (WW)	
   0.096±0.002	
   0.104±0.002	
  

CLs	
  @µ=1	
  for	
  CMS	
  Workspaces	
  (WW)	
   0.0012±0.0005	
   0.0009±0.0003	
  

Combine	
  2	
  workspaces	
  and	
  calculate	
  
PL	
  limit,	
  H	
  	
  WW	
  /	
  Hγγ	
  

0.5501 (WW)  
4.7651 (γγ) 

0.5501 (WW) 
4.7653 (γγ) 

Combine	
  2	
  Workspaces	
  and	
  calculate	
  
PL	
  asymptoQc	
  limit	
  (H	
  	
  WW+γγ)	
  

0.2724	
   0.2724	
  

Combine	
  2	
  Workspaces	
  and	
  calculate	
  
LEP-­‐like	
  CLs	
  limit	
  (H	
  	
  WW)	
  

0.519±0.003	
   0.508±0.003	
  

Combine	
  2	
  Workspaces	
  and	
  calculate	
  
LEP-­‐like	
  CLs	
  limit	
  (H	
  	
  WW+γγ+ZZ)	
  

0.626±0.004	
  

PL	
  =	
  Profile	
  Likelihood	
  

Agreement	
  within	
  1-­‐2%	
  	
  Based	
  on	
  1/a	
  pseudo	
  data	
  



Documenta-on	
  
•  To	
  summarize	
  what	
  we	
  have	
  done	
  and	
  agreed	
  on	
  in	
  

prepara-on	
  for	
  the	
  ATLAS+CMS	
  combina-on	
  this	
  summer	
  
•  When	
  appropriate,	
  some	
  pieces	
  of	
  this	
  document	
  may	
  be	
  

recycled	
  in	
  one	
  or	
  another	
  form	
  in	
  the	
  ul-mate	
  publica-on	
  
with	
  the	
  actual	
  combina-on	
  of	
  data	
  results	
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Conclusions	
  
•  Efforts	
  have	
  started	
  on	
  LHC	
  Higgs	
  combina-on	
  

–  For	
  limit	
  se^ng	
  and	
  discovery	
  

•  A	
  lot	
  of	
  progress	
  so	
  far	
  
•  Combined	
  likelihood	
  
•  Test	
  sta-s-c	
  
•  Method	
  for	
  limit	
  se^ng	
  
•  PDF	
  for	
  nuisance	
  parameter	
  
•  Higgs	
  mass	
  grid	
  

•  Toy	
  combina-on	
  show	
  excellent	
  agreement	
  between	
  
ATLAS	
  and	
  CMS	
  on	
  their	
  combined	
  models	
  

•  But	
  a	
  lot	
  to	
  do	
  s-ll	
  …	
  

Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  
BNL	
  May	
  4-­‐6,	
  2011	
   24	
  

	
  



To	
  be	
  addressed	
  s-ll	
  
•  Recipe	
  for	
  correlated	
  theore-cal	
  systema-c	
  uncertain-es	
  

–  Expect	
  some	
  guidance/convergence	
  at	
  this	
  workshop	
  
•  Dealing	
  with	
  mass	
  points	
  for	
  which	
  we	
  have	
  no	
  simula-on	
  
•  Treatment	
  of	
  nuisance	
  parameters	
  and	
  auxiliary	
  

measurements	
  in	
  toy	
  experiments	
  
•  CLs	
  with	
  profiling	
  of	
  systema-c	
  errors	
  and	
  study	
  the	
  CPU	
  

consump-on	
  
•  Look-­‐elsewhere	
  effect	
  

–  the	
  combina-on	
  will	
  be	
  probing	
  O(200)	
  Higgs	
  mass	
  points	
  with	
  
some	
  non-­‐trivial	
  correla-ons	
  between	
  them	
  

•  Format	
  of	
  presen-ng	
  results	
  
–  Limits	
  on	
  the	
  overall	
  signal	
  strength	
  modifier	
  µ	
  (both	
  observed	
  and	
  

expected),	
  including	
  bands.	
  mass	
  range	
  excluded	
  (both	
  observed	
  and	
  
expected) …	
  

–  Excess:	
  local	
  p-­‐value;	
  p-­‐value	
  taking	
  into	
  account	
  the	
  look-­‐elsewhere	
  
effect	
  

•  Documenta-on	
  
–  Complete	
  report	
  to	
  ATLAS	
  and	
  CMS	
  managements	
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  proposal	
  for	
  jet-­‐bin	
  
uncertainQes	
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1)	
  calculate	
  cross	
  secQons	
  in	
  exclusive	
  bins	
  as	
  
sigma_0	
  =	
  f0	
  *	
  sigma_tot	
  
sigma_1	
  =	
  f1	
  *	
  sigma_tot	
  
sigma_2	
  =	
  f2	
  *	
  sigma_tot	
  

2)	
  calculate	
  error	
  using	
  standard	
  error	
  propagaQon	
  procedure	
  assuming	
  fi	
  and	
  
sigma_tot	
  are	
  independent:	
  
d(sigma_0)	
  =	
  sqrt[	
  d(f0)^2*sigma_tot^2	
  +	
  f0^2*d(sigma_tot)^2	
  ]	
  
d(sigma_1)	
  =	
  sqrt[	
  d(f1)^2*sigma_tot^2	
  +	
  f1^2*d(sigma_tot)^2	
  ]	
  
d(sigma_2)	
  =	
  sqrt[	
  d(f2)^2*sigma_tot^2	
  +	
  f2^2*d(sigma_tot)^2	
  ]	
  

This	
  will	
  guarantee	
  that	
  
d(sigma_i)/sigma_i	
  >	
  d(sigma_tot)/sigma_tot	
  
a	
  point	
  emphasized	
  by	
  many	
  theorists.	
  

3)	
  In	
  combining	
  Higgs	
  search	
  results	
  from	
  these	
  three	
  bins,	
  the	
  full	
  correlaQon	
  
matrix	
  among	
  fi	
  is	
  taken	
  into	
  account.	
  For	
  mH=160	
  GeV:	
  
1.00	
  -­‐0.95	
  -­‐0.98	
  
-­‐0.95	
  1.00	
  0.88	
  
-­‐0.98	
  0.88	
  1.00	
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Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  
BNL	
  May	
  4-­‐6,	
  2011	
   27	
  



14	
  April	
  2011	
   Andrey	
  Korytov	
   28	
  

Steps	
  between	
  110	
  and	
  600	
  GeV	
  

0.8%	
  
m4µ	
  mass	
  
resoluQon	
  

0.5	
  GeV	
  step	
  
Is	
  driven	
  by	
  Hγγ	



SM	
  Higgs	
  	
  
half-­‐width	
  Γ/2	



Changed	
  to	
  2-­‐GeV	
  steps	
  

Changed	
  to	
  20-­‐GeV	
  steps	
  



On	
  modeling	
  of	
  uncertainQes	
  
• An	
  uncertainty	
  on	
  a	
  nuisance	
  parameter	
  x	
  (e.g.	
  background,	
  efficiency,	
  cross	
  
secQon,	
  luminosity,	
  etc.	
  )	
  can	
  be	
  in	
  general	
  described	
  in	
  a	
  form	
  of	
  some	
  probability	
  
density	
  funcQon	
  pdf (x) :  

• Truncated	
  Gaussian	
  
–  in	
  general,	
  not	
  recommended	
  within	
  CMS	
  (here	
  shown	
  for	
  completeness)	
  

• Log-­‐normal	
  
–  commonly	
  used	
  alternaQve	
  

• Gamma	
  distribuQon	
  
–  recently	
  added,	
  intended	
  for	
  describing	
  uncertainQes	
  associated	
  with	
  limited	
  

staQsQcs	
  in	
  control	
  samples,	
  Monte	
  Carlo	
  	
  	
  	
  

• …	
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Truncated	
  Gaussian �
• The	
  Gaussian	
  distribuQon	
  with	
  the	
  unphysical	
  tail	
  below	
  x=0	
  
simply	
  chopped	
  off	
  by	
  hand	
  :	
  

For	
  correlated	
  errors	
  with	
  different	
  sigma’s,	
  the	
  largest	
  sigma	
  should	
  be	
  used	
  to	
  
define	
  truncaQon.	
  The	
  narrower	
  correlated	
  Gaussians	
  get	
  truncated	
  before	
  
reaching	
  x=0.	
  This	
  looks	
  very	
  unphysical.	
  

Finite	
  value	
  of	
  pdf(ε)	
  at	
  ε=0	
  for	
  signal	
  acceptance	
  is	
  pathological	
  in	
  calcula-on	
  of	
  
Bayesian	
  limits.	
  	
  Ad	
  hoc	
  trunca-on	
  above	
  zero	
  is	
  too	
  arbitrary…	
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Log-­‐normal �
• The	
  normal	
  distribuQon	
  for	
  ln(x): 

• where	
  x-tilde	
  is	
  the	
  best	
  esQmate	
  on	
  the	
  nuisance	
  parameter,	
  κ	
  
is	
  the	
  factor	
  error	
  on	
  x 

• No	
  tail	
  toward	
  negaQve	
  values	
  of x	
  and	
  the	
  probability	
  density	
  
at	
  x=0	
  is	
  always	
  zero	
  

• When	
  the	
  overall	
  uncertainty	
  in	
  x	
  arises	
  from	
  uncertainQes	
  in	
  
mulQple	
  mulQplicaQve	
  factors	
  (like	
  various	
  efficiencies),	
  the	
  
central	
  limit	
  theorem	
  implies	
  that	
  it	
  is	
  the	
  ln x	
  distribuQon	
  that	
  
would	
  tend	
  to	
  become	
  Gaussian.	
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Log-­‐normal	
  (cont’d) �
• When	
  uncertainQes	
  become	
  very	
  large	
  (e.g.,	
  when	
  we	
  say	
  “a	
  
factor	
  of	
  two	
  uncertainty”),	
  they	
  map	
  very	
  naturally	
  onto	
  the	
  
log-­‐normal	
  pdf,	
  while	
  the	
  Gaussian	
  distribuQon	
  obviously	
  
becomes	
  completely	
  inappropriate.	
  

• For	
  small	
  errors	
  κ ∼ 1 = 1+σ,	
  the	
  log-­‐normal	
  distribuQon	
  is	
  
basically	
  a	
  Gaussian	
  with	
  the	
  	
  	
  	
  	
  	
  	
  mean	
  x-tilde	
  and	
  relaQve	
  error	
  
σ	
  	
  

• Larger	
  tail	
  than	
  a	
  Gaussian.	
  Consequently,	
  a	
  significance	
  of	
  an	
  
event	
  excess	
  will	
  be	
  more	
  conservaQve	
  when	
  one	
  uses	
  a	
  log-­‐
normal	
  pdf	
  for	
  the	
  background	
  uncertainQes	
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Gamma-­‐funcQon	
   �
• When	
  esQmaQng	
  background	
  in	
  the	
  signal	
  region	
  as	
  x	
  =	
  ρ	
  B ,	
  where	
  B	
  is	
  an	
  event	
  
count	
  taken	
  from	
  a	
  control	
  sample	
  and	
  small	
  (or	
  when	
  run	
  into	
  a	
  problem	
  of	
  limited	
  
MC	
  staQsQcs	
  with	
  very	
  few	
  (B)	
  MC	
  events	
  passing	
  cuts),	
  then	
  the	
  natural	
  choice	
  is	
  
the	
  Gamma-­‐funcQon	
  :	
  

• Most	
  probable	
  value:	
  ρ⋅B 
• Mean	
  value:	
  ρ⋅(B+1)	
  
• Dispersion:	
  ρ⋅sqrt(B+1)	
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Gamma-­‐funcQon	
  (cont’d) �
• Similarly	
  to	
  log-­‐normal,	
  pdf(x)=0	
  for	
  x=0	
  

• Similarly	
  to	
  log-­‐normal,	
  it	
  has	
  a	
  longer	
  tail	
  toward	
  larger	
  values	
  in	
  
comparison	
  to	
  the	
  Gaussian	
  	
  

• For	
  large	
  B,	
  	
  
• it	
  becomes	
  similar	
  to	
  Gaussian	
  with	
  σ = 1/√B  
• 	
  	
  
• B	
  =	
  0	
  is	
  a	
  perfectly	
  allowable	
  situaQon,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
• 	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  giving	
  pdf(x) = (1/ρ) exp(-x/ρ)	
  

34	
  
Ketevi	
  A.	
  Assamagan,	
  Higgs	
  XS	
  WorkShop,	
  

BNL	
  May	
  4-­‐6,	
  2011	
  



Comparison	
  of	
  pdf ’s	
  	
  

• With	
  expected	
  bkg	
  =	
  1,	
  observe	
  5	
  
event,	
  significance	
  calculated	
  from	
  p-­‐
value	
  :	
  

Truncated 
Gaussian 

Log-normal Gamma 

2.658±
0.005 

2.652±
0.005 

2.647±
0.005 
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Comparison	
  of	
  pdf ’s	
  	
  

• With	
  expected	
  bkg	
  =	
  1,	
  observe	
  7	
  
event,	
  significance	
  calculated	
  from	
  p-­‐
value	
  :	
  
Truncated 
Gaussian 

Log-normal Gamma 

3.25 ± 
0.01 

3.10 ± 
0.01 

2.89 ± 
0.01 

With	
  expected	
  bkg	
  =	
  4,	
  observe	
  4	
  
event,	
  95%	
  CL	
  upper	
  limit	
  on	
  signal	
  
yield	
  (Bayesian	
  with	
  flat	
  prior)	
  :	
  

Truncated 
Gaussian 

Log-normal Gamma 

6.78 6.35 6.33 
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What	
  about	
  B=0	
  ?	
  	
  
• If	
  we	
  have	
  only	
  0	
  event	
  in	
  control	
  sample,	
  the	
  only	
  
choice	
  is	
  Gamma	
  pdf 

• For	
  example,	
  for	
  ρ	
  =	
  0.1:	
  

–  95%	
  C.L.	
  upper	
  limit	
  on	
  signal	
  yield,	
  	
  when	
  we	
  observe	
  
1	
  event	
  (Bayesian	
  with	
  flat	
  prior):	
  	
  4.66	
  

–  Significance	
  when	
  observe	
  5	
  events	
  (from	
  p-­‐value):	
  
4.4	
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100%-­‐Correlated	
  in	
  log-­‐normal	
  

• The	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  can	
  be	
  effecQvely	
  emulated	
  in	
  
pseudo-­‐experiments	
  by	
  generaQng	
  a	
  random	
  x	
  	
  
according	
  to	
  the	
  normal	
  (Gaussian)	
  
pdf,	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  ,	
  and	
  then	
  taking	
  

• For	
  100%-­‐correlated	
  uncertainQes:	
  one	
  should	
  use	
  
one	
  random	
  number	
  g(x)	
  for	
  modifying	
  all	
  
correlated	
  uncertainQes	
  in	
  a	
  given	
  pseudo-­‐
experiment	
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100%-­‐Correlated	
  in	
  Gamma	
  
• e.g.	
  	
  HZZ	
  analysis,	
  	
  one	
  would	
  use	
  Zµµ	
  yield	
  
(B0)	
  in	
  data	
  to	
  normalize	
  ZZ4µ	
  (b1=ρ1 B0)	
  and	
  
ZZ2e2µ (b2=ρ2 B0)	



• In	
  a	
  toy	
  experiment,	
  one	
  generates	
  one	
  B	
  
according	
  to	
  its	
  gamma	
  distribuQon	
  ,	
  and	
  uses	
  
the	
  B	
  for	
  both	
  ZZ4µ	
  and	
  ZZ4e 
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Dealing	
  with	
  mass	
  points	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  for	
  which	
  
we	
  have	
  no	
  simula-on	
  

Three	
  classes	
  of	
  analyses:	
  

1.  Cut-­‐and-­‐count	
  

2.  1d-­‐shape	
  analysis	
  axer	
  cuts	
  

3.  MVA-­‐based	
  analyses	
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Cut-­‐and-­‐count	
  
	
  Cuts	
  are	
  required	
  to	
  change	
  smoothly	
  with	
  mH:	
  cut(mH)	
  

	
  Then:	
  

–  One	
  can	
  easily	
  get	
  expected	
  bkgd	
  event	
  yields	
  for	
  any	
  given	
  mH	
  mass	
  

–  Similarly,	
  we	
  get	
  the	
  observed	
  event	
  counts	
  for	
  any	
  mH	
  mass	
  points	
  

–  Since	
  cuts	
  change	
  smoothly,	
  one	
  can	
  expect	
  that	
  the	
  signal	
  efficiency	
  for	
  any	
  given	
  mH	
  
mass	
  point	
  can	
  be	
  simply	
  interpolated	
  between	
  nearby	
  simulated	
  mass	
  points	
  

–  Signal	
  CS	
  x	
  BR	
  are	
  interpolated	
  linearly	
  between	
  tabulated	
  mass	
  points	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  from	
  the	
  
Higgs	
  CS	
  Yellow	
  Report	
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1d	
  shape	
  analysis	
  (mγγ,	
  mT,	
  m4l,	
  etc.)	
  
	
  Cuts	
  are	
  required	
  to	
  change	
  smoothly	
  with	
  mH:	
  cut(mH)	
  

	
  Then:	
  

–  One	
  can	
  easily	
  get	
  expected	
  bkgd(m)	
  

–  Similarly,	
  we	
  get	
  the	
  observed	
  events	
  (binned	
  or	
  unbinned	
  in	
  m)	
  

–  Signal	
  pdfS(m|mH)	
  can	
  be	
  obtained	
  by	
  horizontal	
  morphing	
  of	
  signal	
  pdf’s	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  obtained	
  for	
  
simulated	
  points	
  (see	
  next	
  slide)	
  

–  Signal	
  efficiency	
  εS(mH)	
  can	
  be	
  obtained	
  by	
  interpolaQng	
  between	
  efficiencies	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  obtained	
  for	
  
simulated	
  points	
  

–  Signal	
  CS	
  x	
  BR	
  are	
  interpolated	
  linearly	
  between	
  tabulated	
  mass	
  points	
  from	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  Higgs	
  CS	
  
Yellow	
  Report	
  

NOTE:  
 The last three steps can be done in one go, if one has a parametric form for                                     
CS x BR x εS(mH) x pdfS(m|mH). One can simply interpolate between parameters                       
obtained for simulated/tabulated mass points. 
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Horizontal	
  morphing	
  
•  Used	
  at	
  LEP	
  for	
  Higgs	
  templates.	
  	
  

	
  Nucl.	
  Instrum.	
  Meth.	
  A425	
  (1999)	
  357-­‐360	
  	
  	
  	
  
	
  h|p://inspirebeta.net/record/501018/	
  	
  

•  Main	
  limitaQons:	
  
–  Doesn’t	
  work	
  well	
  for	
  histograms	
  with	
  few	
  bins	
  
–  Works	
  only	
  for	
  one	
  morphing	
  parameter	
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MVA-­‐based	
  analyses	
  
–  MVA	
  trained	
  for	
  Higgs	
  mass	
  mA:	
  	
  	
  

•  MVA	
  funcQon	
   	
   	
   	
  y=fA(x)	
  
•  signal	
  output	
  distribuQon	
   	
  hA(y)	
  

–  MVA	
  trained	
  for	
  Higgs	
  mass	
  mB:	
  	
  	
  
•  MVA	
  funcQon	
   	
   	
   	
  y=fB(x)	
  
•  signal	
  output	
  distribuQon	
   	
  hB(y)	
  

–  for	
  any	
  mass	
  in	
  between:	
  	
   	
  m	
  =	
  αmA+	
  βmB	
  
•  MVA	
  funcQon:	
  	
  	
   	
   	
  f(x)	
  =	
  αfA(x)+	
  βfB(x)	
  
•  expected	
  signal	
  MVA	
  output:	
   	
  h(y)	
  =	
  αhA(y)+	
  βhB(y)	
  
•  background	
  output	
  is	
  derived	
  using	
  f(x)	
  and	
  can	
  be	
  checked	
  that	
  it	
  matches	
  the	
  
linear	
  interpolaQon	
  

NOTE:  
 we do not expect that interpolated MVA must be identical to what one would get 
by actually training MVA on the intermediate mass point. However, their 
sensitivities are expected to be nearly identical, if steps are not too crude. 


