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Introduction
When we measure the Missing ET we try make an statement 
of how much the momentum conservation is broken in the 
transverse plane due to a particle that escapes detection. 
However the existence of reconstructed MET does not 
necessarily imply the presence of a “missing” particle.
In addition, MET alone does not take into account two very 
important effects:

Two events can have very different amounts of hadronic
activity but can have same MET
MET does not take into account event topology

Need to work in terms of a probability that a given final 
state is inconsistent with a fluctuation of the energy 
response of objects in the final state: MET Significance

Used in CDF and D0 (using objects)
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For illustration purposes, let’s assume that the response of each 
object is expressed in terms of a single Gaussian 

The MET likelihood distribution 
becomes

Where ∆φi is the angle between 
each object and MET
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Missing ET Significance
The MET hypothesis likelihood 
can be reconstructed from 
objects and the p-value can be 
defined as shown in the figure. 
MET significance is expressed in 
terms of number of Gaussian σs 
(single sided)

See X.Chen’s talks at JetETmiss
meetings for METSig definition 
and generalization in ATLAS 

D0 uses Log(L(MET)/L(0)) as a discriminator (see A.Schwartzman)
This is equivalent to MET significance if particle responses can be 

parameterized with single Gaussian. This is not optimal for ATLAS 
(see X.Chen’s talks)
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An illustration of different MET significances for two events 
with same value of reconstructed MET

The MET in this di-jet event is more likely to be due to a fluctuation. 
This event can be rejected by requiring a cut on METSig
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Towards MET Significance

For definition of MET 
significance see Ariel’s talk 
It is crucial to understand 
the resolution of different 
objects as a function of 
|η| and Energy
ATLAS has cracks and 
significant amount of 
inactive material in front 
of the calorimeter 

Jet Linearity (EM scale)



Bruce Mellado, ATLAS Analysis Tutorial, TAU 12/02/06 7

Shown are fractional 
deviation from the true 
energy for single pions with 
energy 100 GeV (hadronic
scale) in “critical” regions
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Fractional deviation from the true energy for single 
electrons with different energies in bins of  
0.625<|η|<1.25 in steps of 0.025
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Fractional deviation from the true energy for single 
electrons with different energies in bins of   
1.25<|η|<1.875 in steps of 0.025
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Resolutions
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Resolutions (cont)
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Resolution Parameterization
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Electron Resolution



Bruce Mellado, ATLAS Analysis Tutorial, TAU 12/02/06 14

Muon Momentum Resolution
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Jet Energy Resolution
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Resolution with Minbias

Use minimum bias to parameterize the MET resolution 
of the soft physics component in physics events

This is used for the calculation of METSig in ATLAS
Divide the contribution from mini-jets and unclustered

energy as a function of |η|
Barrel, EndCap and FCAL regions

Study the evolution of the MET resolution as a function of 
each of the components 
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ObjMET resolution as a function of SumET from mini-jets in the 
barrel for events with SumET(unclus)/SumET<0.5
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MET Resolution with Minbias
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Obtain χ2=42.0 for simple parameterization α√SumET. Otain
χ2=31.8 by separating different components of the SumET
Statistical error on each parameter is about 10%

Need more statistics for minimum bias events

Try this for the missing ET significance calculation for the first 
version of the METSig package

May want to try in the future to parametrize the energy response 
of single pions

May be too cumbersome and it is not clear it is necessary
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METSig in Minimum Bias
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METSig for Di-jets
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METSig for W+jets and SUSY (SU1)
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Rejection Power of METSig
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Rejection Power of METSig
METSig (or a combination of METsig and MET) is more 
powerful than an MET cut alone to reject QCD
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Rejection Power of METSig
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VBF H→ττ
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METSig with MET>30 GeV
J2 Di-jets 

(no lepton requirement) VBF H→ττ

Due to 
corrupted

files

METSig
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METSig with MET>30 GeV
Z(→ττ)+4jVBF H→ττ

Due to 
corrupted

files

METSig
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Do not observe obvious correlation between METSig and the 
leading discriminating variables
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For illustration purposes, let’s assume that the response of each 
object is expressed in terms of a single Gaussian 

The MET likelihood distribution 
becomes

Where ∆φi is the angle between 
each object and MET
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σL/σT For  High PT di-jets and 
SUSY (SU1)
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σL/σT with MET>30 GeV

VBF H→ττ

tt (T1)

tt jet anti-veto
tt with jet veto

Use control sample 
to get shape of 
distribution in 

signal-like region
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Do not observe obvious correlation between σL/σT and the 
leading discriminating variables
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The p-value Counterpart in the 
Transverse Direction
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Outlook and Plans
The concept of Missing ET significance is widely used 
in analyses in pp collisions

It adds discrimination and robustness to Missing ET. A 
combination of both is more powerful

Necessary to understand the resolution of objects
A package (METSig) is available in ATHENA

A more sensitive definition of Missing ET significance 
has been developed. It seems to be superior to the D0 
discriminator
Add information in the transverse direction to MET

METSig is a new tool and it needs to be understood
Need collaborators to develop this effort
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