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OverviewOverviewOverview
  IntroductionIntroduction

  ATLAS detectorATLAS detector
  Detector signal contributions to missing ET for physicsDetector signal contributions to missing ET for physics

  Brief look: validating missing ET Brief look: validating missing ET 
reconstruction in ATLAS with early datareconstruction in ATLAS with early data
  ZZ→→ττττ in the first 100pbin the first 100pb--11

  Fake missing ETFake missing ET
  Missing ET resolution Missing ET resolution 

  Closing remarksClosing remarks
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Warning!Warning!Warning!
  All results discussed in this talk are All results discussed in this talk are 

expectations from generators and detector expectations from generators and detector 
simulations!simulations!
  Everything is at Everything is at √√s = 14 s = 14 TeVTeV!!
  This is very likely This is very likely notnot the initial center of mass energy!the initial center of mass energy!

  One of the larger experimental issues, the One of the larger experimental issues, the 
pilepile--up at LHC, is not included in most up at LHC, is not included in most 
studies!studies!
  Except if noted otherwise!Except if noted otherwise!
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ATLAS: A General Purpose Detector For LHCATLAS: A General Purpose Detector For LHCATLAS: A General Purpose Detector For LHC

Total weight   :  7000 t
Overall length:  46 m
Overall diameter:  23 m
Magnetic field:  2T solenoid

+ toroid
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Typical Detector FeaturesTypical Detector FeaturesTypical Detector Features
  Hermetic coverage over a wide angular rangeHermetic coverage over a wide angular range

  Efficient missing transverse energy reconstruction due to large Efficient missing transverse energy reconstruction due to large 
coverage in pseudocoverage in pseudo--rapidityrapidity

  Very forward detection of particles and jets produced in pp Very forward detection of particles and jets produced in pp 
collisionscollisions

  High particle reconstruction High particle reconstruction 
efficiencyefficiency
  Important for final stateImportant for final state

reconstruction and classificationreconstruction and classification
  Relative energy resolution Relative energy resolution 
  for for electrons, photons and electrons, photons and 
  muonsmuons is 2is 2--4%4%
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Detector Signal  Contributions To METDetector Signal  Contributions To METDetector Signal  Contributions To MET
  Hard signal in calorimetersHard signal in calorimeters

  Fully reconstructed & calibrated particles and jetsFully reconstructed & calibrated particles and jets
  Not always from hard interaction!Not always from hard interaction!

  Hard signal in Hard signal in muonmuon spectrometerspectrometer
  Fully reconstructed & calibrated Fully reconstructed & calibrated muonsmuons

  May generate isolated or embedded soft calorimeter signalsMay generate isolated or embedded soft calorimeter signals
  Care needed to avoid double countingCare needed to avoid double counting

  Soft signals in calorimetersSoft signals in calorimeters
  Signals not used in reconstructed physics objectsSignals not used in reconstructed physics objects

  I.e., below I.e., below recoreco threshold(sthreshold(s))

  Needs to be included in MET to reduce scale biases and improve rNeeds to be included in MET to reduce scale biases and improve resolutionesolution

  Need to avoid double countingNeed to avoid double counting
  Common object use strategy in ATLASCommon object use strategy in ATLAS

  Find smallest available calorimeter signal base for physics objeFind smallest available calorimeter signal base for physics objects (cells or cell clusters)cts (cells or cell clusters)

  Check for exclusive basesCheck for exclusive bases
  Same signal can only be used in one physics objectSame signal can only be used in one physics object

  Veto MET contribution from already used signalsVeto MET contribution from already used signals
  Track with selected baseTrack with selected base

  Priority of association is defined by reconstruction uncertaintiPriority of association is defined by reconstruction uncertaintieses
  Electrons (highest quality) Electrons (highest quality) →→ photons photons →→ muonsmuons* * →→ taustaus →→ jets (lowest quality)jets (lowest quality)
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Validation Of MET ScaleValidation Of MET ScaleValidation Of MET Scale



Slide Slide 99
Peter LochPeter Loch

HEFTI Jet & MET
UC Davis
April 1, 2009

HEFTI Jet & METHEFTI Jet & MET
UC DavisUC Davis
April 1, 2009April 1, 2009

Remark: MET calibrationRemark: MET calibrationRemark: MET calibration
  MET is determined by hard signals in eventMET is determined by hard signals in event

  Reconstructed particles and jets above thresholdReconstructed particles and jets above threshold
  All objects on well defined energy scale, e.g. best reconstructiAll objects on well defined energy scale, e.g. best reconstruction for individual object on for individual object 

typetype
  Really no freedom to change scales for any of these objectsReally no freedom to change scales for any of these objects

  Little calibration to be done for METLittle calibration to be done for MET
  Note that detector inefficiencies are corrected for physics objeNote that detector inefficiencies are corrected for physics objectscts

  Some freedom for soft MET contributionSome freedom for soft MET contribution……
  Signals not used in physics objects often lack corresponding conSignals not used in physics objects often lack corresponding context to constrain text to constrain 

calibrationcalibration
  ATLAS has developed a low bias ATLAS has developed a low bias ““locallocal”” calibration for the calorimeters based on signal calibration for the calorimeters based on signal 

shapes inside calorimetersshapes inside calorimeters
  Some degree of freedom hereSome degree of freedom here

  But contribution is small and mostly balanced in Et anywayBut contribution is small and mostly balanced in Et anyway
 Source here often UE/pile-up!

  ……and overall acceptance limitationsand overall acceptance limitations
  Detector Detector ““losesloses”” particles in nonparticles in non--instrumented areas or due to magnetic field in instrumented areas or due to magnetic field in 

inner cavityinner cavity
  Same remarks as above, very small and likely balanced signalsSame remarks as above, very small and likely balanced signals

  Event topology dependent adjustments to MET are imaginable to reEvent topology dependent adjustments to MET are imaginable to recover these cover these 
losseslosses

  I prefer I prefer ““validationvalidation”” rather than rather than ““calibrationcalibration””
  Discrepancies in MET need to be isolated for systematic controlDiscrepancies in MET need to be isolated for systematic control
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Z Mass ConstraintZ Mass ConstraintZ Mass Constraint
  MET scale can be MET scale can be 

checked with physicschecked with physics
  Look for one Look for one hadronichadronic and and 

one one leptonicleptonic tau from Z tau from Z 
decaysdecays
  Can be triggered nicely Can be triggered nicely 

with lepton + MET with lepton + MET 
requirementrequirement

  Use collinear Use collinear 
approximation to approximation to 
reconstruct invariant massreconstruct invariant mass
  MasslessMassless taustaus
  Neutrinos assumed to be Neutrinos assumed to be 

collinear to observable collinear to observable 
tau decay productstau decay products

  Check dependence of Check dependence of 
invariant mass on MET invariant mass on MET 
scale variationsscale variations
  Expect correlation!Expect correlation!

1 2
2( )( )(1 cos )had vm E E E Eττ ν θ= + + −

1 2
2( )( )(1 cos )had vm E E E Eττ ν θ= + + −

Determined from two reconstructed MET 
components and directions of detectable decay 
products

Determined from two reconstructed MET 
components and directions of detectable decay 
products

CERN-OPEN-2008-020

3σ±

8%±

100 pb-1
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Fake Missing ETFake Missing ETFake Missing ET
  What is that?What is that?

  MET contribution from MET contribution from 
response variationsresponse variations
  Cracks, Cracks, azimuthalazimuthal response response 

variationsvariations……
  Never/slowly changingNever/slowly changing
  Particle dependentParticle dependent

  MET contribution from MET contribution from mismis--
calibrationcalibration
  E.g., QCD E.g., QCD didi--jet with one jet jet with one jet 

underunder--calibratedcalibrated
  Relative effect generates MET Relative effect generates MET 

pointing to this jetpointing to this jet

  Dangerous source of METDangerous source of MET
  Disturbs many final states in a Disturbs many final states in a 

different waydifferent way
  Can fake new physicsCan fake new physics

  Suppression strategiesSuppression strategies
  Track jetsTrack jets
  Energy sharing between Energy sharing between 

calorimeterscalorimeters
  Event topology analysisEvent topology analysis

(modeled material asymmetry)
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MET Resolution From MCMET Resolution From MCMET Resolution From MC
  Came up earlier in Came up earlier in 
  this workshopthis workshop

  MET resolution in MET resolution in 
  each component as each component as 
  function of scalar Et function of scalar Et 
  sum for various final sum for various final 
  statesstates

  Systematically Systematically 
  evaluated with MC in evaluated with MC in 
  ATLASATLAS

  No direct experimental accessNo direct experimental access
  Minimum bias with limited reach/precision?Minimum bias with limited reach/precision?
  Concern is pileConcern is pile--up effect on scalar Et up effect on scalar Et 

  Will discuss experimental access on next Will discuss experimental access on next slide(sslide(s))
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MET Scale & ResolutionMET Scale & ResolutionMET Scale & Resolution
  Experimental  accessExperimental  access

  Use biUse bi--sector signal sector signal 
projections in Z decaysprojections in Z decays

  Longitudinal projection Longitudinal projection 
sensitive to scalesensitive to scale
  Calibration of Calibration of hadronichadronic

recoilrecoil

  Perpendicular projection Perpendicular projection 
sensitive to angular sensitive to angular 
resolutionresolution

  NeutrinoficationNeutrinofication
  Assumed to be very similar Assumed to be very similar 

in Z and Win Z and W
  One lepton in Z decay can One lepton in Z decay can 

be be ““neutrinofiedneutrinofied””

  Access to MET resolution Access to MET resolution 
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MET Scale & ResolutionMET Scale & ResolutionMET Scale & Resolution

  MET scaleMET scale
  Folds Folds hadronichadronic scale with scale with 

acceptanceacceptance
  Note: no jets needed!Note: no jets needed!

  Experimental tool to validate Experimental tool to validate 
calibration of calibration of ““unusedunused”” calorimeter calorimeter 
signalsignal

  Hard objects can be removed from Hard objects can be removed from 
recoilrecoil

  One possible degree of freedom in One possible degree of freedom in 
MET MET ““calibrationcalibration””

  Relevance for other final states to Relevance for other final states to 
be evaluatedbe evaluated

  Otherwise purely experimental Otherwise purely experimental 
handle!handle!

  MET resolutionMET resolution
  Can be measured along Can be measured along 

perpendicular and longitudinal axisperpendicular and longitudinal axis
  Resolution scale is scalar Et sum Resolution scale is scalar Et sum 

of of hadronichadronic calorimeter signalcalorimeter signal
  Biased by UE and pileBiased by UE and pile--up (MC up (MC 

needed here)needed here)
  Qualitatively follows calorimeter Qualitatively follows calorimeter 

energy resolutionenergy resolution
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Closing RemarksClosing RemarksClosing Remarks
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Closing RemarksClosing RemarksClosing Remarks
  Missing ET is a complex experimental quantityMissing ET is a complex experimental quantity

  Sensitive to precision and resolution of hard object reconstructSensitive to precision and resolution of hard object reconstructionion
  MET is calibrated by everythingMET is calibrated by everything

  Easily affected by detector problems and inefficienciesEasily affected by detector problems and inefficiencies
  Careful analysis of full event topologyCareful analysis of full event topology
  Signal shapes in physics and detectorSignal shapes in physics and detector

  Known unknown (1): effect of underlying event Known unknown (1): effect of underlying event 
  Some correlation with hard scatteringSome correlation with hard scattering
  Insignificant contribution??Insignificant contribution??

  To be confirmed early with To be confirmed early with didi--jetsjets

  Known unknown (2): effect of pileKnown unknown (2): effect of pile--upup
  Level of activity not so clearLevel of activity not so clear

  Minimum bias first and urgent experimental taskMinimum bias first and urgent experimental task
  Expectation is cancellation on average (at least)Expectation is cancellation on average (at least)

  Detector signal thresholds/acceptance potentially introduce asymDetector signal thresholds/acceptance potentially introduce asymmetriesmetries
  Need to know the Need to know the ““realreal”” detector detector 

  Considerable contribution to MET fluctuations Considerable contribution to MET fluctuations 
  Severe limitation in sensitivity for discoverySevere limitation in sensitivity for discovery

  

  


