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— Dark matter:




o [mtial state z-momentum not known, can only infer momentum imbalance in
the direction transverse to the beam line

*  Momentum imbalance measured primanily using
calorimeter energy and a vertex

— Hence the jargon “missing transverse energy” or J.-
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Measurement

o Correct for particles not measured well by calorimeter
— Muons: use track momentum, subtract energy in calorimeter

— Jets: apply calibrations to correct for lost particles and calorimeter response

o The end result is an accurate measurement of momentum imbalance

Unclustered energy

Object

Diphoton plus dijet event
(CDF)
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mismeasurements

— Beam-induced background
— Cosmic-ray muons
— Jet energy lost in detector cracks
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— CDF: shielding significantly attenuates shower

— Muons can penetrate shielding and deposit energy in calorimeter

Photon plus /. search for
large extra dimensions (CDF)
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— 18 ns beam bunch structure
— Width due to size of central calorimeter
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— Beam interactions with pipe produced showers inside detector
* Vetoed events collected while beam passed through top ring

Two jets plus £ search for
leptoquarks (DO)
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— Charge dissipation from readout resulted in negative observed energies
* Charge at end of bunch lower than at start of bunch
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— Predominantly single-photon and single-jet events
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Cosmic-Ray Muons

o Cosmic-ray muons can overlap collision events
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Use EM timing system to remove cosmic overlaps with collisions

Photon plus #. search for large extra dimensions (CDF)
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— Create discriminant using:

* Track stubs in muon chamber in the same direction as photon candidate

* Energy in hadronic calorimeter and in strip chamber at nominal shower maximum
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— Search for muon track opposite to reconstructed muon

271693 Run: 139787 Eve KMAI%WWWPF\ ‘—:
AN ML / i

4 \

]

-
:
!

4




o Detector cracks a significant source of £
— GDF: “Chimney” for cables at top of calorimeter

EAST CENTRAL ARCHES
YMon #8 CEM CEM PMT Pigts; Threshold = 60ADC Counts (LOOKING WEST)
Run:228087 Event: 8996708 # of EventX:15195 Time: Tue Oct 24 D2:50:24 20086

Crate: CASET-U rate: =
CEM PMT Occupancy per event ; P ' Frictsr: boccin

- Processor: bdccal?d
Resource: central_crate_19 \ CrTTOR | (e R e

Crate: CASET-L
Processor: hoccalll
Resource: central_crate_11

Crate: CAMET-L
Processor: h¢ccalog
Resource: central_crate_¢8&

i

H /1
o “nCrate: CANEB-U
Crate: CASEB-U R .
Processor: hoccall2 Processor: hoccalls
Resource: central_crate_12 central_crate..15
Crate: CASEB-L

Crate: CANEB-L
Processor: hoccalls

NE ARCH Processor: héccalld
Resource: central_crate_13 TR W Resource: central_crate_14




— Reduce background by requiring separation between K, and jet directions
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and resolution of collision products
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underlying event

muons
electrons & photons

paLt extra interactions
jets

o Approaches to modelling K-
— Data-based 2 jets + . search (D@), 2 photons + F search (CDF)




Case Study: GDF Run II W Mass Measurement

o K calibrated to 0.1% accuracy

— Procedure:
e Calibrate electrons and muons

* Define unclustered energy measurement

* Calibrate unclustered energy
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unclustered energy:

“recoil”
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alibrate ele

‘on and muon mon.

onia u

19 masses of well-Kr.

and ratio of calorimeler to tracker measurements
o < mass measurement validates the calibration
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emove calorimeter towers wil energy from e ectron or muon

Electron Electromagnetic p, (MeV) Muon Electromagnetic p, (MeV)
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o Apply large (5 GeV) threshold to calorimeter towers closest to beam
— Reduces bias from beam splash and low-momentum central particles

— Maintains measurement of high-energy jets

o Apply 12% relative scale between central and forward calorimeter towers

— Determined by comparing calorimeter and tracker measurements for isolated

charged pions
— Improves resolution of unclustered energy o "*F
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e Recoil model components

— Radiation in production of I/ boson
— Radiation from “spectator” partons (underlying event) and additional pp collisions

»  Calibrate radiation and measurement with events where all particles are observable

— Generic inelastic fp collisions

— < boson decays to charged leptons //é/%

* Define coordinate system (1, &) such that net

radiation lies along -1 direction

;71

Underlying event

Hadronic recoil



— Resolution depends on energy in calorimeter

-
o
w

160 450

Low total High total

140 400

energy energy

120 350

300
100

80
200

150
100

60

40

250

20

W III|III|III|III|III|III|III|III|IIX

1 1 L 1 1 L 1 1 1 1 1 1 1 1 1 I 1 1 1 1 = 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I |
0 S 0 5 10 15 %s A0 5 0 5 10 15

)




Statistical fluctuations on the number of sampled particles result in \/ZET dependence

to resolution

Gy, (GeV)
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— Take distribution from generic pp interactions (“minimum bias”)

— Use expected number of interactions per fp crossing to extract a single-interaction

distribution

—

T lllllll

Arbitrary Scale
3

-
e
N

10°

10

T Illlllll I lllllll]

Single Collision

TR | Ll Ll 1

P

~
.
.

~
~
l.\JJJJl11

1 l
40

1 |
60 80

I A
100

120

140

160 180 200
217} (GeV)




» Net radiation in W production calibrated using < production

— Small theoretical correction due to difference between W and < masses
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*  Fraction of measured radiation (“scale™) and resolution calibrated using < data
— Scale has logarithmic dependence on radiated energy

— Resolution has quadratic dependence on radiated energy
— Apply angular resolution to radiated momentum
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o Missing momentum fit gwes 0.1% accuracy on my,,
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o Missing transverse energy a part of many discovery and measurement signatures

* Two aspects to understanding missing momentum.
— Determine and reduce pathologies

* Model residual pathological events with data using discriminating variables

— (Qalibrate detector response to high-p, particles and unclustered energy

e Results can be used 1n tuned fast ssmulation or full GEANT simulation

o [xpect new challenges with the new collider and detectors at the LHC!




