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What is MET?

MEy

MEx

∆Jet1

∆Jet2

Jet1

Jet2

Different stages of MET
• L1 MET for triggering
• Corrected MET for analysis:

• µ/e/τ correction
• vertex corrections
• hot/dead channels
• jet energy corrections
• …and many more.
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MET at Tevatron

MET, before corrections  (D0) MET, after corrections (CDF)

This is where new physics would sit
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What physics with MET?

Large MET  (> 200 GeV)
Extra Dimension searches (monojet)
SUSY (gluino searches: jets+MET)

Medium/Low MET  (~ 50 - 100 GeV)
Top quark
Ditau
H WW*

Very Low MET  (~ 20  GeV)
W l ν
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Physics with LARGE MET
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Squark+gluinos with MET

If R-parity is conserved,  LSP should give LARGE MET.

CMS Study:  >= 3 jets with large MET (>200 GeV)
squark = 550 GeV, gluino = 600 GeV.

LSP
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Squark + gluinos (CMS)

QCD 3jet Background

LM1 Test Point
m(gluino)=600 GeV
m(squark)=550 GeV



8

Squark gluino reach.

IF MET behaves, 5σ obs of
low mass SUSY (Test point LM1)
observable with 6pb-1.

SUSY QCD Dijet

φ (jet2) – φ (MET)
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SUSY  reach

Effective coverage
of most low-mass
SUSY space.

IF R-parity is 
conserved…

LM1 Test Point

Different cut,  higher MET
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Extra Dimensions (ADD)
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LED:  Photon + MET

• Photon pt > 400 GeV
• MET > 400 GeV
• ∆phi(photon, MET) > 2.5
• No tracks > 40 GeV

Lum = 30 fb-1

Md =  2.5 TeV
n=2
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LED Reach Photon+MET
MD: Fundamental Plank mass;    n = # ED.

TeV scale reached
well below 1 fb-1.



1

Medium /Low MET Analyses
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Di-Leptonic ttbar (CMS)

Only slight 
improvement
in 
background 
rejection

LO(pb)

CMS
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Semi Leptonic ttbar (ATLAS)

Selection A
• 1 high-pT lepton > 20 GeV/c
• at least 3 high-pT jets > 40 GeV/c
• 1 high-pT jets > 20 GeV/c
• ET miss>20 GeV
• |eta(lepton)|<2.4, |eta(jet)|<2.5 
• top is reconstructed as the 

3-jet combination with the 
highest PT sum 

Selection B
• Same as selection A 
• additional cut |mjj-MW|<10 GeV

At (below?) resolving power of MET
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Ditau analyses

ττ H

π
ν

νν

e or µ

CDF W τν• Identifying hadronic tau is possible
•Nested signal/isolation cones

• Need to separate from Z
• Mvis (used in CDF,  broad dist)
• Invariant mass (no back-to-back taus) Number of tracks 

ττ H ν
νν

e or µ
µ or e
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Ditau invariant mass

Assume tau decay products 
are collinear to tau directions
- aka “projection method”.

ννl

h

H

Does it work?
CDF 1.8 fb-1 results

CDF

CDF

Requires good resolutions at low MET.

ν

ττ invariant mass
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Higgs ditau (CMS)
•2 isolated leptons
•1 b-tag (but associated b is soft)
•Only 1 extra central jet
•NO MET cut (but used in mass reco)
•Positive solution to ν energy

l

l’
Hb
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Higgs to ditau (ATLAS)
1. Two  (had)τ 's  pT; > 100 GeV
2. No lepton with pT > 10 GeV
3. <= 4 jets in  with pT > 20 GeV
4. At least one b-jet tagged
5. MET> 65 GeV
6. Dphi b τ-τ: 145 − 175 deg
7. mT < 50 GeV
8. ττ mass recon possible

ATLAS

h

h
H

b
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H WW*

10 fb-1

After all cuts

Optimized for mh=165 GeV
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H WW* reach

Error bars
due to MC stats
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MET Concerns
Resolution

Noise: electronic, pileup, 
underlying event
Stochastic:sampling
effects, e/π.
Constant: non-
linearities, cracks, 
hot/dead channels.
Offset:  ΣEt shifts in 
empty detector 
(anticorrelated with Noise 
term).

High MET Tails
Beam effects, muon halo, 
cosmics…
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Calorimeter η coverage

Hcal barrel 
and EndCap

EM barrel and 
EndCap

Very Forward 
Calorimeter

Tile CalorimetersTile Calorimeters

EM calorimeter |η| < 3

Central Hadronic |η| < 1.4

Endcap Hadronic 1.3< |η| < 3

Forward calorimeter 2.9 < η < 5

EM accordion |η| < 3.2 

Central Hadronic |η| < 1.7

End Cap Hadronic 1.5 < η < 3.2

Forward cal               3.1 < η < 4.9 

Better eta coverage Better performance on MET const term.

CMS ATLAS
CDF

Central |η|<1.0
Plug   1.3<|η|<3.6
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Segmentation, interaction lengths
EM calorimeter |η| < 3 :
PbW04 crystals
∆η×∆ϕ = 0.0174 × 0.0174

Central Hadronic |η| < 1.7
Brass/scintillator
∆η×∆ϕ = 0.087 × 0.087

Endcap Hadronic 1.3<|η|<3
Brass/scintillator +WLS 
∆η×∆ϕ = ~0.15 × 0.17

Forward calorimeter 
3<η<5
Fe/quartz fibers
∆η×∆ϕ = ~0.175× 0.17

EM accordion
|η| < 3.2 :Pb/LAr
∆η×∆ϕ ~ 0.025 × 0.025

Central Hadronic
|η| < 1.7 :Fe / scint
∆η×∆ϕ ~ 0.1 × 0.1 

End Cap Hadronic
1.5 < η < 3.2 Cu/LAr
∆η×∆ϕ < 0.2 × 0.2

Forward calorimeter
3.1 < η < 4.9 :
EM Cu/LAr – HAD W/Lar
∆η×∆ϕ = 0.2 × 0.2

CMS cal has 7λ (w/out HO). ATLAS cal has >= 10 λ

CMS ATLAS

Central |η|<1.0
∆η×∆ϕ ~0.11x0.26

Plug   1.3<|η|<3.6
∆η×∆ϕ
from ~0.11x0.13
to      ~0.36x0.26

CDF

CDF 5,5 - 7 λ

bette
r

more
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MET Performance (stochastic term)

CMS

ATLAS

CDF

Not an  
apples-to-
apples 

comparison…

MET Resolution ≈ 57%  √ΣET

σ(ET)  ≈ 103%  √ΣET + …

σ(ET)  ≈ 64%  √ΣET

Minbias data,
underestimates
stochastic 
term.

ATLAS cal has
more longitudinal
segmentation: (e/pi)

MET Res =σ( Ex(y) Rec - Ex(y)Truth )  
for|η|<3
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Some MET Peculiarities from CDF
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MET Peculiarities

MET has a phi dependence ~ few GeV.
collision not centered at 0,0,0.

Minbias
MET

Minbias
MET vs phi

CDF

φ

M
E

T

MET
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MET Peculiaritiess

SumEt from Z µµ events

Events with 2nd vertex have 
significantly higher SumEt.

Jets from 2nd vertex could
affect MET calculation.

This will depend on lum,
but non-trivial numbers at
low luminosity.

CDF

SumEt

Hopefully not as big a problem at LHC (smaller beam ellipse than Tevatron)
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MET Peculiarities
Beam halo muons can deposit
large amounts of IN-TIME energy.

EM/HAD ratio is fairly lopsided.
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MET Peculiarities

CDF
WEST Plug

CDF
EAST Plug

Tevatron protons 
travel W E.  So 
EAST Plug energy is
in time.

W Plug should get 
pbars in time, but
pbar flux is small. 

Energy deposited in the Ring of Fire
(highest eta towers)
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Particle Flow: Improving MET
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Particle Flow 

Current MET: all calorimeter (+muon correction)
Particle Flow: 

Biggest problem in MET:  hadron energy. 
Identify e, γ, π, µ, charged/neutral hadrons, pileup, etc, and “correct”.
Harder in jetty environment, but what isn’t?
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Benefits of Particle flow
•Motiviation:  The energy of a typical jet consists roughly of

•Charged particles : ~60% 
•Mostly charged pions, kaons and protons, but also some 
electrons and muons

•Photons : ~25%
•Mostly from π0’s, but also some genuine photons (brems,…)

•Long-lived neutral hadrons : ~10% 
•K0

L, neutrons
•Short-lived neutral hadrons, “V0’s” : ~5%

•K0
S → π+π-, Λ → π-p, …, but also γ conversions, and (more 

problematic) nuclear interactions in the detector material.
•Energy resolution determined (ideally) mostly by

•the 10% neutral hadrons
•inefficiencies in charged hadron reconstruction

•Attempt to use Full Detector/Event Information in MET 
reconstruction

•Determine MET from calibrated, reconstructed particles
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Improving e/π helps!

CMS TB ‘04

( ) 120% 5%
E

E E
σ

= ⊕

CMS TB ‘06

%7%90)(
⊕=

EE
Eσ

Good beam conditions in 2006 
combined with very clean Particle ID
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PF Example: hadronic τ energy

Energy Resolution 
Improves!

Calorimeter Jets 
strongly affected: 
low energy charged 
particles not

PF Jets not affected 
much in the peak.

Better energy 
resolution for objects 
using tracking info 
better SumEt, MET 
resolution.

Acid test: very jetty, 
noisy environments.

Similar to “tracks+π0”
in CDF ditau analyses

(taus from Calorimeter Jets)

(taus from Calorimeter Jets)
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Summary

MET is as difficult to reconstruct as it is important.
Current MET resolutions are only starting points.
Expect ATLAS vs CMS differences to get smaller 

CMS learns to use tracking (PF).  
Of course, ATLAS will also keep improving…
Bottom line: ATLAS has better cal; CMS: better tracking.

Biggest problems in MET reconstruction will not be 
known until beams collide.

Look for beam effects, dead/hot channels, miscalib…

Once MET is understood, lots of analyses benefit: low 
mass SUSY, LED, ditaus…
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Backup stuff
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ATLAS vs. CMS MET

ATLAS constant term ~ zero.
CMS stochastic higher than ATLAS stochastic (but 
ATLAS quotes MET reco-truth…): 

ATLAS has
6 radial cal segments
e/π ratio closer to 1
(slightly) more λ
Object based calib (em, had, other…)
CMS will need to use tracking info

to compete (Particle Flow)

Other effects (dead/hot channels)

CMS
1%,3%,5%
hot+dead

CMS 
φ-ring(s)
hot


