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Masses for the MSSM Higgs Bosons

Hendrik Weber 
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  masses for h/H/A calculated 
with FeynHiggs 2.6.5

  MSSM parameters are based 
on mh

max scenario

  All three masses are almost 
degenerated @ 130 GeV
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Higgs production @ LHC
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Gluon Fusion
Associated Production

A0 H0 



+

Helmholtz Allianz Workshop Hendrik Weber 

Higgs production @ LHC
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Higgs mass & cross section depend on MSSM parameters m0 & m1/2  
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signal for h,H,A→ µµ

  signature in the detector:
  2 isolated muons with high pT

  2 b-jets with low pT

  low missing transverse energy
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Main backgrounds
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  Drell Yan Z/γ*→μμ 
  no b jets

  bbZ/γ*→bbμμ 
  kinematics similar to 

signal 
  irreducible subset of 

Drell Yan (≈2%) 

  top pair production 

  high missing 
energy due to 
neutrinos 

~1 pb 
(mµµ > 110 GeV)  

~35 pb 
(mµµ > 110 GeV)  
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signal & backgroung @ 1 fb-1
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  basic muon identification:
  Level 1 trigger & HLT 

passed
  two muons of opposite 

charge
  muons have pT > 20 GeV

  efficiencies:
  Signal:   99.0 %
  Zbb:  97.1 %
  Drell-Yan: 98.0 %
  top pairs  78.4 %
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muon isolation
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Muons near jets 
from W decay

μ

Jet μ

μ
Φ

Muons from Higgs 
decay are isolated

  muon isolation:

  efficiencies:
  Signal:   76.7 %
  Zbb:  73.1 %
  Drell-Yan: 80.3 %
  top pairs  34.1 %

Eiso =

�
�

∆R<0.3

(PTracker + EECAL + EHCAL)

�
− pµ < 10 GeV

ΔR < 0.3



+

Helmholtz Allianz Workshop Hendrik Weber 

missing transverse energy
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  cut on missing transverse 
energy to reduce tt-bar 
background

ET < 40 GeV

  efficiencies:
  Signal:   87.5 %
  Zbb:  84.3 %
  Drell-Yan: 83.9 %
  top pairs  31.6 %

σ(ET )
ET

≈ 1.0
��

ET�
ET

≈ 15.8 %
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jet veto
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  veto against high ET jets to 
further reduce tt-bar 
background

  no jets with ET
jet > 45 GeV

  efficiencies:
  Signal:   87.5 %
  Zbb:  84.3 %
  Drell-Yan: 83.9 %
  top pairs  31.6 %

< 45 GeV

Jet Energy Resolution in this area ≈15 – 20 % 
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b jet tagging
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  at least one tagged b-jet demanded 
to reduce Drell-Yan background

  events with the 2nd highest 3D-
impact parameter significance > 
1σ are selected

  relatively soft cut to keep enough 
signal statistics

  efficiencies:

  Signal:   52.2 %
  Zbb:  53.1 %
  Drell-Yan:  25.0 %
  top pairs  91.8 %

point

B

Jet direction

impact
parameter

decay
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signal & background
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before cuts 
8 % sig / bg 

after cuts 
20 % sig / bg 

The profile likelihood method is used to calculate the probability 
of a discovery or an exclusion of a signal
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potential @ 1 fb-1
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  simulated for different 
masses of the Higgs in range 
of Mµµ=130 GeV – 180 GeV

  likelihood ratio is used for 
exclusion

  tevatron exclusion limits can 
be significantly improved 
with 1 fb-1

  for discovery higher 
statistics are necessary  

preliminary



+

Helmholtz Allianz Workshop Hendrik Weber 

conclusions

  early channel to improve exclusion limits @ 1 fb-1 for 
  Higgs masses from mµµ=130 GeV up to 180 GeV 
  tan ß > 25 
  higher integrated luminosity will make a discovery possible or will improve the 

exclusion limits further more 

  studied backgrounds 

  Drell-Yan 
  irreducible Drell-Yan Zbb 
  top pairs 

  aspects we are currently working on 

  alternatives to b-tagging 
  background shape from data(e.g. di-electron spectrum) 
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Back up
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cut flow for 1 fb-1
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fitting & calculating the significance
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The profile likelihood method is used to calculate the probability 
of a discovery or an exclusion of a signal
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b jets 
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ET of tagged b jets η of tagged b jets
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B-Tagging performance (track-counting algorithm)
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"   Very low b-tag efficiencies for low ET and a mistag efficiency which needs to be 
considered

"   Alternatives should be studied



+

Helmholtz Allianz Workshop Hendrik Weber 

misalignment
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decrease in significance of the O(10%) as a result of misalignment


