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IntroductionIntroduction
�� Good measurement of Missing ET characterized by nonGood measurement of Missing ET characterized by non--interactionginteractiong

particles is the key to search new physics. These particle cannoparticles is the key to search new physics. These particle cannot be t be 
caught by detector.caught by detector.
�� SMSM W, Z, HiggsW, Z, Higgs
�� SUSYSUSY lightest superlightest super--symmetric particle (LSP)symmetric particle (LSP)

�� It is important to understand the following It is important to understand the following 
�� Resolution  Resolution  
�� ScaleScale
�� NonNon--gaussiangaussian tailtail

MMSUSYSUSY~1TeV    @1fb~1TeV    @1fb--11

Important to reconstruct, calibrate and Important to reconstruct, calibrate and 
evaluate Missing ETevaluate Missing ET

Right figure shows Missing ET dist. Right figure shows Missing ET dist. 
SUSY SUSY vsvs BG. Missing ET is good probeBG. Missing ET is good probe
to new physics.to new physics.
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OutlineOutline

�� Measurement of Missing ETMeasurement of Missing ET
�� Atlas Atlas CalorimetryCalorimetry
�� ReconstructionReconstruction

�� CalibrationCalibration
�� Noise suppressionNoise suppression

�� PerformancePerformance
�� ScaleScale
�� ResolutionResolution
�� TailTail

�� Estimation from early dataEstimation from early data
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Measurement of Missing ETMeasurement of Missing ET
�� There are two strategy to measure Missing ETThere are two strategy to measure Missing ET

�� Cell baseCell base
�� Object baseObject base

�� Origins of Missing ET is neutrino, LSP, and Origins of Missing ET is neutrino, LSP, and gravitinogravitino etc (etc (real Missing ETreal Missing ET). But badly ). But badly 
measurement of Jet, electron etc. becomes missmeasurement of Jet, electron etc. becomes miss--measurement of Missing ET (measurement of Missing ET (fake fake 
Missing ETMissing ET))

�� Default Missing ET calculation is based on Default Missing ET calculation is based on cellcell--based based methodmethod

CellCell--BaseBase
-- PtMissPtMiss == ∑∑PT (cell)PT (cell) + + ∑∑PT (PT (muonmuon) + ) + ∑∑PT (loss in cryostat (dead material))PT (loss in cryostat (dead material))
�� Dead/hot/noisy cellDead/hot/noisy cell
�� Noise/pileNoise/pile--up suppressionup suppression
�� Energy calibration (Energy calibration (nonlinealitynonlineality, resolution), resolution)
�� Losses in dead materials/cracksLosses in dead materials/cracks

ObjectObject--BaseBase
-- PtMissPtMiss == ∑∑PT (high Et objects, PT (high Et objects, e/e/γγ, , μμ, , ττ, jet), jet)

+ + ∑∑PT (low Et object, PT (low Et object, pionpion, , unclusteredunclustered cells)cells)
�� Individual calibrations applied to each objectIndividual calibrations applied to each object
�� Now developmentNow development
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Atlas Atlas CalorimetryCalorimetry
�� Full coverage |Full coverage |ηη|<5|<5
�� EM calorimeterEM calorimeter : 22: 22--26X (radiation length), high granularity26X (radiation length), high granularity
�� HadronHadron calorimetercalorimeter : ~8.8: ~8.8λλ(interaction length)(interaction length)
�� e/he/h : ~1.4: ~1.4
�� σσ/E for jets in barrel/E for jets in barrel: 0.67/sqrt(E)+0.02+4.3/E: 0.67/sqrt(E)+0.02+4.3/E

EMBEMB ::Pb/LArPb/LAr
(|(|ηη|<1.5)|<1.5)

EMECEMEC ::Pb/LArPb/LAr
(1.5<|(1.5<|ηη|<3.2)|<3.2)

HBHB :Fe/Tile :Fe/Tile 
(|(|ηη|<1.52, 1.5< ||<1.52, 1.5< |ηη|<1.8)|<1.8) HECHEC :Cu/:Cu/LArLAr

(1.5< |(1.5< |ηη|<3.2)|<3.2)

FWDFWD ::Cu,W/LArCu,W/LAr
(3.2< |(3.2< |ηη|<4.9)|<4.9)
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Missing ET ReconstructionMissing ET Reconstruction
�� Atlas calorimeter cover nearly full solid angle and have good grAtlas calorimeter cover nearly full solid angle and have good granularity, anularity, 

but but EtMissEtMiss is degraded by several reasonsis degraded by several reasons
�� Limited coverage ( |Limited coverage ( |ηη|<5 )|<5 )
�� Presence of minimum biasPresence of minimum bias
�� SweptSwept--out charged particles by magnetic fieldsout charged particles by magnetic fields
�� Calorimeter response ( nonCalorimeter response ( non--compensation, noncompensation, non--linearity )linearity )
�� Noise ( electronics/pileNoise ( electronics/pile--up )up )
�� Energy loss in inactive materials and leak at cracksEnergy loss in inactive materials and leak at cracks

�� The large fraction of energy is measured by calorimeter. CaloriThe large fraction of energy is measured by calorimeter. Calorimeter meter 
energy calibration, energy correction and noise suppression are energy calibration, energy correction and noise suppression are crucial crucial 
for the best for the best EtMissEtMiss reconstructionreconstruction
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Energy calibrationEnergy calibration

�� Since the calorimeter is not compensated and has Since the calorimeter is not compensated and has 
nonnon--linear/nonlinear/non--uniform response, then need several uniform response, then need several 
corrections for better performancecorrections for better performance

�� A A hadronichadronic shower consists ofshower consists of
�� EM energy (e.g. EM energy (e.g. ππ-->>γγγγ))
�� Visible nonVisible non--EM energy (e.g.  EM energy (e.g.  dE/dxdE/dx from from ππ))
�� Invisible energy (e.g. break up of nuclei)Invisible energy (e.g. break up of nuclei)
�� Escaped energy (e.g. Escaped energy (e.g. νν))

�� difference of energy densitydifference of energy density
�� High energy density denotes high EM activityHigh energy density denotes high EM activity
�� Low energy density correspond to Low energy density correspond to hadronichadronic activityactivity

�� Apply weight function Apply weight function 
EE’’cellcell = = EEcellcell ××w( w( EEcellcell/V/Vcellcell ,,ηη ,calorimeter),calorimeter)

�� The refined approach is now used, which improves The refined approach is now used, which improves 
performance: Apply cell calibration weights according performance: Apply cell calibration weights according 
to the reconstructed objects (to the reconstructed objects (e/e/γγ, , μμ, , ττ, jets, jets）） to to 
which the cell belongswhich the cell belongs

Energy densityEnergy density

didi--jets event (560jets event (560--1120 1120 GeVGeV ))
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Noise SuppressionNoise Suppression
�� Origins of noise areOrigins of noise are

�� Electronics noiseElectronics noise
�� PilePile--up noiseup noise

�� To suppress these noiseTo suppress these noise
�� Apply Apply 2 sigma cut2 sigma cut on expected noise levelon expected noise level
�� Build  Build  topological clusteringtopological clustering from calorimeterfrom calorimeter

cells and use cells inside (default)cells and use cells inside (default)

Electronics noise

Pile-up noise
|Ecell|>2σ Topo cluster 4/2/0σ

10 ~ 900 10 ~ 900 MeVMeV

10MeV ~ 10GeV10MeV ~ 10GeV
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Missing ET ScaleMissing ET Scale

Scale vs. EtMiss (Cell-base)

�� Correct scale is important for Inv Mass, edge etc.Correct scale is important for Inv Mass, edge etc.
�� Missing ET Shift = True Missing ET Missing ET Shift = True Missing ET –– Reconstructed Missing ETReconstructed Missing ET
�� Shift is within 5%, iShift is within 5%, it is reduced applying refined calibrationt is reduced applying refined calibration
�� Good scale is achieved in ObjectGood scale is achieved in Object--base method in high Missing ET samplesbase method in high Missing ET samples
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Missing ET ResolutionMissing ET Resolution

Ex(y)Miss Resolution vs. SumEt

�� Ex(y)MissEx(y)Miss Resolution is well represented by the following equation.Resolution is well represented by the following equation.
Final Final Ex(y)missEx(y)miss ResolResol = p0 * = p0 * �� SumETSumET

�� Different resolution for different event topology. Different corDifferent resolution for different event topology. Different corrections should be applied for rections should be applied for 
different objects (jets, different objects (jets, e/e/γγ……), but not considered. ), but not considered. 
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NonNon--Gaussian TailsGaussian Tails

ΔΔ Ex(y)Miss(GeVEx(y)Miss(GeV))

�� Detection of large Detection of large EtMissEtMiss is important signature in many physics channelsis important signature in many physics channels
�� Badly measured Badly measured EtMissEtMiss (fake (fake EtMissEtMiss) is dangerous. Understanding of tail is important ) is dangerous. Understanding of tail is important 

since they affects background uncertainty (ex. QCD multisince they affects background uncertainty (ex. QCD multi--jet)jet)
�� Origins of tail areOrigins of tail are

�� Shower leakage (Shower leakage (shown in fig)shown in fig)
�� Fake Fake muonsmuons
�� instrumental effects as hot/noisy/dead cells, cavern background,instrumental effects as hot/noisy/dead cells, cavern background, beam halo, etcbeam halo, etc

Jet leakage from Tile/ExtTile crack, 
shower in muon system

tailtail
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Validation of resolution using Minimum BiasValidation of resolution using Minimum Bias

�� By using Minimum Bias( ~300GeV ) resolution can be estimated in By using Minimum Bias( ~300GeV ) resolution can be estimated in the early stage.the early stage.
�� Minimum bias contain no real Missing ET. It can be useful probe Minimum bias contain no real Missing ET. It can be useful probe to estimate resolution.to estimate resolution.
�� ““Out of coverageOut of coverage”” is main resource of nonis main resource of non--zero zero EtMissEtMiss in Minimum Bias event  in Minimum Bias event  
�� With topological clustering estimated resolution is consistent wWith topological clustering estimated resolution is consistent with truthith truth

Missing ETMissing ET Ex(y)MissEx(y)Miss resolution resolution vsvs SumETSumET
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Validation of using ZValidation of using Z-->>ττττ-->>leptlept--hadhad
�� ττττ invariant mass reconstructioninvariant mass reconstruction
�� Sensitive to Sensitive to EtMissEtMiss scalescale
�� Z mass measured to 3% will result in Z mass measured to 3% will result in 

an error of 10% on Missing ET an error of 10% on Missing ET 
absolute scaleabsolute scale

�� QCD/bb background is still includedQCD/bb background is still included
<> ~ 90
V ~ 16

Signal Z o WW
Inclusive W o eQ
Inclusive W o PQ
top

Rec WW mass

Rec WW mass vs EtMiss scale

- 10 % +10 %

+3%

-3%

Applied cuts :
pt(lep)  > 15 GeV, |K|<2.5
pt(jet)  > 15 GeV, |K|<2.5
1.<'I < 2.7 or 3.6<'I <5.3   
mT(lept-EtMiss)<50GeV
W-likelihood > 8 (W-eff ~ 30%) 
66<rec mWW<116 GeV
Expected in 100pb-1
~ 300 evts with   ~ 20%  backgd
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Estimation using Estimation using W+jetsW+jets
�� Using Transverse mass distribution of  Using Transverse mass distribution of  W+jetsW+jets ( ~1TeV )  at 1fb( ~1TeV )  at 1fb--11

�� simple selection exactly 1 simple selection exactly 1 muonmuon with with pTpT>20GeV and >20GeV and ||ηη|<|<2.52.5

Scale vs. ResolutionScale vs. Resolution Ex(y)MissEx(y)Miss resolution resolution vsvs SumETSumET

Express rExpress reconstructed MET(x) distribution by econstructed MET(x) distribution by 

MEXMEXrecoreco = = DD ×× Gaus( MEXGaus( MEXtruthtruth, , aa ))
MEX : MissingEx (reco or truth) MEX : MissingEx (reco or truth) 
DD : scale factor : scale factor 
a      : MEX resolution (in GeV) a      : MEX resolution (in GeV) 

Determine these parameters with Determine these parameters with ““template methodtemplate method””..

EstimatedEstimated :: 0.396xsqrt(Etsum)0.396xsqrt(Etsum)
Truth          : 0.411xsqrt(Etsum)Truth          : 0.411xsqrt(Etsum)

a(reso)=7GeV,a(reso)=7GeV, DD(scale)=1(scale)=1
a(reso)=8GeV, a(reso)=8GeV, DD(scale)=1(scale)=1
a(reso)=7GeV,a(reso)=7GeV, DD(scale)=0.9(scale)=0.9
a(reso)=8GeV, a(reso)=8GeV, DD(scale)=0.9(scale)=0.9

�� Generate pseudoGenerate pseudo--data data 
histogram using histogram using 
reconstructed informationreconstructed information

�� Fit pseudoFit pseudo--data to series data to series 
of template histograms of template histograms 
and obtain the best and obtain the best 
estimated variables estimated variables 
minimizing minimizing χχ22

χχ2 2 minimumminimum

fit range 64-84GeV
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SummarySummary

�� Good measurement of Missing ET is very important for new physicsGood measurement of Missing ET is very important for new physics (both (both 
Higgs and SUSY)Higgs and SUSY)

�� Missing ET performance is dominated by calorimeter resolution anMissing ET performance is dominated by calorimeter resolution and energy d energy 
reconstructionreconstruction

�� Resolution and Scale are improved by correcting nonlinearity resResolution and Scale are improved by correcting nonlinearity response, ponse, etaeta
dependency and energy lost in cryostat.  These can still be imprdependency and energy lost in cryostat.  These can still be improved with oved with 
refined calibration refined calibration 

�� Non Non gaussiangaussian tails can be reduced cleaning for instrumental effects, fake tails can be reduced cleaning for instrumental effects, fake 
muonsmuons and correcting for shower leakage, jets in cracks... and correcting for shower leakage, jets in cracks... 

�� Important to validate/improve Missing ET performance with early Important to validate/improve Missing ET performance with early datadata
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Backup slidesBackup slides
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MET_Final = MET_Calib + MET_Cryo + MET_ Muon

All Calorimeter cells in 
|K|<5 

|Ecell | > 2V(noise)

H1-like weights from jets

Calorimeter cells in 
Topoclusters 4/2/0

H1-like weights from jets

OR OR

from reco jets (kT)

OR

ATHENA MissingET : EtMiss Reconstruction and Calibration 

Calorimeter cells in Topoclusters 4/2/0

LocalHadronCalibration (under test)

from MOORE mu |K|<2.7

pT from external
Spectrometer

BestMatch /good quality

from MuonBoy
muons in |K| < 2.7 

Refinement of Calibration for cells in different objects (e/J, W, P ,jets...) a la TDR

(implementation in 12.0.2)

Topoclusters 4/2/0

LocalHadronCalibration (under test)

Estimated energy loss
in cryostat between LAr

and Tile

from reco jets (cone07) 
w*sqrt(EM3*TILE1)

: Present defaul in MissingET
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A T L A S  O v e rv i e w  w e e k  –
S t o c h o lm J u ly 0 6

D .  C a v a l li  2 3

L o w  E T O b j e c t s

S 0 S r

C l a s s i f i c a t i o n

H i g h  E T O b j e c t s

e / J P j e t sW

F i n a l  S t a t e  

O b j e c t - B a s e d  C a l i b r a t i o n

M i s s i n g  E T R e c o n s t r u c t i o n

U n - c l u s t e r e d  
d e p o s i t i o n s

O b j e c t - B a s e d  M i s s i n g  E T

ObMET: a different approach for EtMiss

Electrons from Egamma collection
IsEm=0                                            

L.Flores sampling based calibration

Calibration

Muons from StacoCombined collection
Emuon-Eloss. Eloss in calo is standard 

parametrisation based

Cone 0.7 Jets from Topoclusters & pseudo-H1 
S.Padhi calibration. Jet clusterisation correction

Track from TrackParticles E>2Gev, good
quality, isolation. Remove overlap with

e, muons, jets

Mini Topo-jets from low pT Topoclusters
separated in S0 (sampling based calib) and 

charged S (cell based calib)

remaining cells with a scale factor
depending on 3 regions
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Refined MissingET: First tests

Expect improvement in samples with electrons
In W o eQ EtMiss_Truth-EtMiss is better centered and 
resolution also improves leaving the cells in electrons at the em scale

EtMiss resolution in Wo eQ
MET from TopoCells

Default H1-Calib

MET from Refined
Cells in ele at em scale

V ~ 6.7  
<> ~ -2.3

V ~ 6.5
<> ~ -0.25
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EtMiss: dependence on Event Topology
Compare different data  samples Top, SU3, Jets from CSC

Njets vs SumET pT leading jet pT next-to-leading jet

SumET electronsSumET-SumETjets-SumETele EtMissout
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tt+njet backgroundtt+njet background

tt(lnln)+njetstt(lnln)+njets
tt(lnqq)+njetstt(lnqq)+njets
tt(qqqq)+njetstt(qqqq)+njets
w(ln)+njetsw(ln)+njets

Etsum=100~200GeVEtsum=100~200GeV Etsum=400~500GeVEtsum=400~500GeV

Dominant background is tt+njets(lnln and lnqq), especially in hiDominant background is tt+njets(lnln and lnqq), especially in high gh 
Etsum region.Etsum region.

Need to suppress or subtract bkg.Need to suppress or subtract bkg.

TemplateTemplate
PseudoPseudo--datadata
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Scale estimation using WScale estimation using W-->>lnln

�� Ex(y)MissEx(y)Miss Scale can be estimated by W(Scale can be estimated by W(-->>lnulnu) event ) event with 100 pbwith 100 pb--1 of data 1 of data 
�� Use ratio R = Use ratio R = Pt(Pt(νν)/Pt(l)/Pt(l) calculated with MC. It depends on experimental cuts) calculated with MC. It depends on experimental cuts
�� R is sensitive to scale but less to resolutionR is sensitive to scale but less to resolution
�� Need to address top backgroundNeed to address top background
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+3%

+2%

100pb-1


