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To	
  esHmate	
  number	
  of	
  irreducible	
  invisible	
  Z	
  
background	
  contribuHon	
  in	
  the	
  monojet	
  final	
  state	
  and	
  
obtain	
  the	
  exclusion	
  limit	
  in	
  the	
  study	
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Objec+ve	
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Mo+va+on	
  
Ø  Large	
  missing	
  transverse	
  energy	
  (MET)	
  +	
  jets	
  	
  
	
  	
  	
  	
  	
  	
  has	
  a	
  great	
  potenHal	
  for	
  discovery	
  of	
  new	
  physics	
  	
  
Ø  Invisible	
  Z	
  is	
  one	
  of	
  dominant	
  backgrounds	
  	
  
	
  	
  	
  	
  	
  	
  remaining	
  aTer	
  applying	
  monojet	
  selecHon	
  cuts.	
  
Ø  Z(μμ)	
  sample	
  is	
  used	
  to	
  predict	
  Z(νν)	
  	
  

Ø  High	
  uncertainty	
  because	
  of	
  small	
  staHsHc	
  



Z(μμ)+jets	
   W(μν)+jets	
   γ+jets	
  

Candidates	
  for	
  invisible	
  Z	
  esHmaHon	
  

•  Clean	
  
•  Easy	
  to	
  select	
  
•  Small	
  staHsHc	
  

•  Not	
  so	
  clean	
  
•  Larger	
  staHsHc	
  

•  Clean	
  for	
  high	
  E	
  
•  Large	
  staHsHc	
  
•  (Not	
  so	
  clean	
  
	
  	
  	
  	
  	
  	
  for	
  <	
  100	
  GeV)	
  

Meenakshi	
  Narain,	
  Searches	
  with	
  Missing	
  ET	
  at	
  the	
  LHC,	
  (2009).	
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• TheoreHcal	
  Background	
  

• Event	
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  predicHon	
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• Summary	
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Outline	
  



Z+jets	
  background	
  es+ma+on	
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predicHon	
  using	
  

The	
  process	
  of	
  Z(νν)	
  	
  is	
  mimicked	
  by	
  removing	
  muons	
  in	
  
the	
  Z(μμ)	
  event	
  to	
  missing	
  transverse	
  energy.	
  

Meenakshi	
  Narain,	
  Searches	
  with	
  Missing	
  ET	
  at	
  the	
  LHC,	
  (2009).	
  

!! Z(νν)



Z+jets	
  background	
  es+ma+on	
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Use	
  Z(μμ)	
  as	
  control	
  sample	
  to	
  esHmate	
  Z(νν)	
  

Nobs=	
  Number	
  of	
  observed	
  Z(μμ)	
  	
  event	
  
Nbgd=	
  Number	
  of	
  esHmated	
  Z(μμ)	
  	
  background	
  
A	
  	
  	
  	
  	
  =	
  Acceptance	
  
	
  	
  	
  	
  	
  	
  	
  	
  =	
  SelecHon	
  efficiency	
  

N Z→νν( )=
NObs−NBgd( )

A⋅ε
R Z→νν

Z→µµ

⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

ε



Acceptance	
  and	
  Efficiency	
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Acceptance	
  =	
  Y/X	
  
Efficiency	
  	
  	
  	
  	
  =	
  Z/Y	
  

All	
  generated	
  events	
  =	
  	
  X	
  

Y	
  events	
  

Z	
  events	
  

cuts	
  

muon	
  idenHficaHon	
  &	
  isolaHon	
  



Analysis	
  workflow	
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Z(μμ)	
  (Observable)	
  

p	
   p	
  

p-­‐p	
  collision	
  in	
  the	
  LHC	
  

Z(νν)	
  (Unobservable)	
  

Observed	
  Z(μμ)	
  events	
  

Z(μμ)	
  events	
  

trigger	
  

EsHmated	
  Z(μμ)	
  
background	
  

(MC)	
  

Monojet	
  cuts	
  

Invisible	
  Z	
  

Acceptance	
  
Efficiency	
  
(MC)	
  



Event	
  Selec+on	
  
For	
  Z(μμ)	
  	
  

•  	
  	
  
•  	
  	
  
•  	
  	
  
•  	
  	
  

pT >20GeV

η <2.4

Transverse	
  invariant	
  mass	
  between	
  60	
  –	
  120	
  GeV	
  

!!  
MT = 2pT

µET
miss 1−cosΔφ( )

pTμ	
  -­‐	
  transverse	
  momentum	
  of	
  the	
  muon	
  	
  
Δϕ	
  -­‐	
  angle	
  between	
  the	
  muon	
  pT	
  and	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  the	
  ETmiss	
  vectors.	
  	
  

Require	
  2	
  muons	
  and	
  at	
  least	
  one	
  of	
  
these	
  has	
  to	
  be	
  well	
  idenHfied	
  and	
  
isolated.	
  

	
  Monojet	
  selecHon	
  



Predic+on	
  

High	
  uncertainty	
  at	
  high	
  energy	
  

MET Nobs Nbgd Acceptance Efficiency Z(!!) 
> 250 GeV 3695 288 0.89±0.02 0.74±0.02 30700±1898 
> 300 GeV 1538 128 0.91±0.02 0.75±0.02 12199±831 
> 350 GeV 685 70 0.93±0.02 0.76±0.02 5174±423 
> 400 GeV 348 31 0.94±0.02 0.76±0.02 2630±238 
> 450 GeV 183 15 0.94±0.02 0.75±0.03 1420±152 
> 500 GeV 96 7.7 0.94±0.02 0.76±0.03 732±98 
> 550 GeV 47 5.1 0.95±0.02 0.75±0.04 349±66 

!

!! Z(νν)



Using	
  W+jets	
   Event	
  selecHon	
  

!  
N Z→νν( )=

NObs−NBgd( )
A⋅ε

R Z→νν
W→µν

⎛

⎝
⎜⎜⎜⎜

⎞

⎠
⎟⎟⎟⎟

Predic+on	
  !! Z(νν)

pT >20GeV

η <2.4

Well	
  idenHfied	
  and	
  isolated	
  
transverse	
  invariant	
  mass	
  	
  
between	
  50	
  –	
  100	
  GeV	
  

Monojet	
  selecHon	
  •  	
  	
  
•  	
  	
  
•  	
  	
  
•  	
  	
  



Predic+on	
  !! Z(νν)

MET Nobs Nbgd Acceptance Efficiency Z(!!) 
> 250 GeV 17191 1816 0.86±0.02 0.39±0.02 21874±1090 
> 300 GeV 6955 712 0.89±0.02 0.39±0.02 8719±444 
> 350 GeV 3104 319 0.90±0.02 0.38±0.02 3860±210 
> 400 GeV 1484 148 0.91±0.02 0.38±0.02 1851±109 
> 450 GeV 780 76 0.92±0.02 0.37±0.03 990±66 
> 500 GeV 402 44 0.93±0.02 0.37±0.03 521±43 
> 550 GeV 228 31 0.94±0.02 0.38±0.04 287±31 

!
Lower	
  uncertainty	
  in	
  Z(νν)	
  predicHon	
  



Exclusion	
  limit	
  



Summary	
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•  One	
  of	
  useful	
  methods	
  to	
  esHmate	
  the	
  Z(νν)	
  
	
  	
  	
  	
  	
  	
  is	
  the	
  use	
  of	
  W(μν)+jets	
  data.	
  	
  
•  Taking	
  the	
  advantage	
  of	
  the	
  similar	
  kinemaHcs	
  of	
  	
  
	
  	
  	
  	
  	
  	
  Z(νν)	
  and	
  W(μν)	
  
•  Using	
  W(μν)	
  control	
  samples,	
  the	
  uncertainty	
  
	
  	
  	
  	
  	
  	
  was	
  reduced.	
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•  Expand	
  range	
  of	
  event	
  selecHon	
  in	
  order	
  to	
  reduce	
  
staHsHc	
  uncertainty	
  

•  Invisible	
  Z	
  EsHmaHon	
  by	
  using	
  γ+jets.	
  

Future	
  Plans	
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•  One	
  jet	
  plus	
  nothing	
  else	
  
•  Nothing	
  is	
  not	
  well-­‐idenHfied	
  in	
  a	
  real	
  
experiment.	
  
– The	
  region	
  that	
  idenHficaHon	
  process	
  is	
  not	
  
reliable	
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Monojet	
  

•  Monojet	
  final	
  state	
  	
  
-  parton	
  +	
  undetectable	
  parHcles	
  	
  

Patrick	
  Eraerds,”Analysis	
  of	
  Mono-­‐jet”	
  Events	
  at	
  Tevatron,	
  Diploma	
  Thesis	
  in	
  Physics.(2006)	
  



•  Exactly	
  one	
  quality-­‐jet	
  
•  Without	
  …	
  
–  	
  second-­‐quality	
  jet	
  above	
  thresholds	
  
–  Isolated	
  electrons	
  and	
  muons	
  above	
  thresholds	
  
– No	
  bad-­‐jets	
  above	
  threshold	
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Monojet	
  Selec+on	
  

Patrick	
  Eraerds,”Analysis	
  of	
  Mono-­‐jet”	
  Events	
  at	
  Tevatron,	
  Diploma	
  Thesis	
  in	
  Physics.(2006)	
  


