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| ntroduction

® Non-interacting particles do not leave direct signature in the detector
— They are measured by measuring everything else and
appealing to energy and moment conservation.
= |n proton-proton collision measure transverse energy to
reduce the effect of boost and activity in forward regions.
B Many physics process involve missing energy
— Standard Model process with neutrinos
- W-boson, Z-boson, Higgs
= SUSY

- In R-parity conserving scenario the lightest super-symmetric particle (L SP)

Is stable and weakly interacting. SUSY Higgs decaying to taus.
— Extra Dimensions

- In large extra dimension models gravitons will interact gravitationally and
escape direct detection leaving missing energy.
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Example Processes with Missing ET
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Measuring Missing ET

B Why is measuring Missing ET challenging?
— Because apart from the source of real missing ET (v,LSP,G), any mis-
measurement in the detector will also produce missing ET (fake missing ET)
- particleslost in the gap and dead material, dead/noisy/hot calorimeter cell,
noise/pile-up suppression, energy scale error, resolution etc.

Missing ET

Illustration of fake missing ET from 1E407 v T
minimum bias events at level1 trigger e
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® Measuring Missng ET will involve 5 N
= Vetoing eventswith un-interesting ~ #
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= Understanding EM scale (expected o | R
to be known to 1-3% from testbeam) : 10 > \30 40

and hadronic scale of the calorimeter. . :
True missing ET from neutrino
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® Non compensating
=eh ~14

B Dead materials
= Gaps for services outlet
= LAr Caorimeter Cryostat
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ATLAS Caorimeter
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- 30-50MeV Central et ==
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Reconstructing Missing ET INnATLAS

B Missing Et isreconstructed using the energy deposits in the Calorimeter cells.
— Calorimeter cellsin the| etal < 5 range used

— Calorimeter cellsare calibrated depending on calorimeter region, eta
position and energy density in the cell
- low energy density deposits considered hadronic.
- high energy density deposits considered el ectromagnetic.
B Reection of noise based on either

= Applying 2 sigma symmetric cut on expected noise level

= Using three dimensional clusters made from calorimeter cell(CaloTopoCluster).
The presence of cluster with positive energy represent a signal deposit rather

random noise fluctuation. Building of cluster requires knowledge of expected
noise.

Energy lost in the cryostat is estimated using energy depositsin the last layer of
LAr calorimeter and first layer of Tile calorimeter.

B Reconstructed muonsin the event are taken into account.
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Reconstructing Missing ET INnATLAS

B Figure shows A — tt sample with mass of A =800 GeV
B Resolution and scale improves with the use of noise suppression using

CaoTopoCluster
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Missing ET Scale

B Missing ET shift = True Missing ET - Reconstructed Missing ET
= Shift within 5% except at low Sum ET.
— Shift can come due to noise cut, non-optimal calibration, activity out of coverage etc.
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Missing ET Resolution

| Ex(y)Miss Resol vs SumEt |
30

EtMiss resolution well modeled with 5§ °°F
. g - pl =048, J2+J5+]d+J5+]6
the functional form - 5 250 p0 = 0.49, AD(300+450+600+800)
n:g - p0 = 0.55, Z0

Ex(y)miss Resol = p0 * \ SUmMET g el
where, p0=0.46 from TDR studies. = 153—
New studies with full simulation show b N
similar behavior (fig). - 35GeV < pT.dI-jezts< 1120 GeV
The present calibration based only on °F Q‘ttg ::3:23 ilr? rreen
energy density only is not optimal for a.-—.......|...|...|.......|..g.|...|...|..|
IOW energIeS 1] 200 400 600 800 1000 1200 1400 165TmE1t%G£=\f‘]
Monitoring tails in Missing transverse energy distributions in simulation has helped

debug simulation and reconstruction software.

= Also, plansto study in detail the effect of gaps and dead materia in the calorimeter
with dedicated samples.

Refined approaches - The final missing ET isto be reconstructed by refining calorimeter
cell calibration by taking account of their position with respect to reconstructed
electrons, photon, taus, muons and jets.
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Missing ET Sensitivity and Forward Calorimeter
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|n-Situ Calibration: z — 7 — lept-had

Tt invariant mass reconstruction
Z° — 1, 1,— prod, v, prod, v, prod,,, =jet, lept
*Assumptions :
-m_ =0
—-the two neutrino system directions are coincident with the ones
of the measured t-decay products (u,, u, )

—T-decay products are not back to back
m,n = \/ 2(E1+ EV1 )(E2+ Ev2)(1 - COSG)
—-E,,E, = 1-decay products energies

-0 = angle etween T-decay products directions
-E,, E,» = energies of the two neutrino systems :

6 (mt7) = o (ETmiss) / |sin (Ad) prod, prod, |
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Sengitivity of in-situ calibration
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B Z mass measured to 3% will result an error of 10% on Missing ET
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In-Situ Anal VSI S B Expected number of events

Z eventsfor 1 fb-1 = 900.

: Moan 96.12 || BaCkgroundS

- Signal Ovariion o = WHets, W — ev (red),

s ¥2 I mdf 33.87 723

3 \ Erv:nl:-rt ir Eg.nsfgg W — V( reen)

= Moo 89,98 + 1.3 Hvig

e Sigma 14.04 + 1.15 . .

s i = t,tbar, semi-leptonic decay of
- Background <>~90 top with an electron or muon

c~14 (blue)
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= b bbar, with leptonic b

Applied cuts : decay — not considered yet.
pt(jet) > 25 GeV, |n]<2.5 B Expected backgrounds level
pt(lep) > 25/20 GeV, [n]<2.5 20-30%.

L<Ap < 2.7 or 3.6<A¢ <3.3 B Sometypical cuts used in the
m(lept-pTmiss)<50GeV Vs <

t-likelihood > 8 analysSI's are snown.

(z-eff ~ 30%) B Full smulation studies

No lept isolation ongoing with larger statistics

background samples.
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Summary

B Good missing ET measurement will be crucial for physics studies on
ATLAS
— Both for Standard Model and beyond the Standard Model physics.

B Missing ET reconstruction algorithms show good linearity and resolution
In Geant4 fully smulated MC samples for different physics channel
= Further refined approaches for better linearity and resolution are being

studied.

B Eventswith Z decaying to tau pairsis apromising way to establish the
missing ET scale
= Studies with larger background samples are under-way.
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