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From Rare to Common

® Single + pair production ~1.2
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Types of Algorithms

® Sclection-only

® Require certain objects or sophisticated combinations of
objects, no attempt to reconstruct top quark(s)

® “Individual” top quark reconstruction
® “(Classical”: low and moderate p?
® High pT

® Global Event Fitters

= Top candidates are correlated

® Endpoints
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Selection Only

® In a sense, simple, since make no attempt to
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® But even selection-only can be complex

® E.g.in single top, use BDT to “select” events
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“Individual Top Reconstruction”

® Reconstruct individual top quarks “independently” of
the rest of the event

® Mostly relevant in the context of tT events

® Main problem is combinatorics
® Alleviated somewhat through b-tagging

® At high p!, no combinatoric problem

® But need special techniques to reject light quark & gluon
jets

® Don’t introduce correlations — less sensitivity to
detailed understanding of efficiencies and resolutions

Gustaaf Brooijmans Top Reconstruction in ATLAS



Commissioning Analysis

® “Keep it simple”

. E Eﬁﬂé— (a) 100 Pb| o —%

® Simplest: S 0 TTM””‘”””” L
— 25{]:_ [ {muan Comb. _:
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® 3jetsp’>40GeV 5 =f =

® 4thjetpT>20Gey  *© '™ 0 20 B0 X0 = w0 0 0o

® Hadronic top is 3-jet combination with highest p’
sum

® [argest background is signal combinatoric!
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® Iry to “purity” by requiring that among the three
jets, one pair has mass = W
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® b-tagging reduces the combinatorics & W+jets
background substantially...

® And with W mass constraint & b-tagging, achieve a purity
of 95%

® total efficiency ~1% (incl BR), vs ~7% for “simplest” analysis
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® There are other “purification” variables:

M, — M
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op

(E” = energy in top quark rest frame)
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® Angular distributions

® W polarization in top decay, top spin correlations
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® Requires reconstructing top & W restirames, then
measure angles
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High p!

® (Collimated decay products
e dR =V(An? + Ad?)
® Typical jet radius ~0.5

® But calorimeter
segmentation much finer
(especially in EM)

® For top pT > ~300 GeV
® dR (qq from W) < 2 Rjet
® dR (bW) <2 Riy

® (No 1solated lepton!)
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Jet Structure

® Decay hadrons reconstructed as a single jet

® But even if 1t looks like a single jet, it originates from a
massive particle decaying to 2/3 hard partons, not one

® If I measured each of the partons in the jet = 4 -ﬁ oy
perfectly, I would be able to: ' '

® Reconstruct the “originator’s” invariant mass

® Reconstruct the direct daughter partons

ST S .
® But =}
% U,,
® quarks hadronize -> cross-talk .;.%\
® my detector can’t resolve all individual ] 0% o °

hadrons £t
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kTt Distance

® kr jet algorithm i1s much better suited to
understand jet substructure than cone:

!
® (Cone maximizes energy in an 1 X ¢ cone a

® Kkt 1s a “nearest neighbor” clusterer

Cone
yy=min(ELE; )6, [p7 o,
Y scale =\/pT2(iet)'y2
® (Can use the kr algorithm on jet constituents
and get the kr distance (y-scale) at which
one switches from 1 -> 2 (-> 3 etc.) jets T

® scale 1s related to mass of the decaying particle
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Result
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Global Fitters

® Test the overall event morphology against a signal
hypothesis, yielding a figure-of-merit for each
possible combination

® Typically used when want to measure a property of the
system, €.2. My

® Analysis can use best solution, or multiple solutions with
weight related to figure of merit

® Crucial aspect 1s that top quark candidates cannot be
considered individually

® Any adjustment (like jet energy rescaling) changes figure
of merit and other top candidate properties
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'

“Classical” global fitter
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® But multiple approaches, depending if allow to rescale
some measurements

® And what the purpose 1s!
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® Example: my

® “Reconstructed” = “simple”

® Full event fit is 2-based

reconstruction
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® Other examples: polarization measurements, rare

decays, ...
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® 1~ fits assume gaussian probability density functions

® (ften have tails in resolution functions

® C(Can be reduced by tight acceptance criteria, at the expense of
efficiency

® With good detector, get improvement by constraining W
and top to Breit-Wigner rather than gaussian

® Alternative solution 1s to use likelihood approach

® Signals & resolutions can be represented by appropriate
pdf’s

® Under development...

® Or, use matrix element approach...
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Endpoints

® Studies of SUSY signals (two escaping particles) have
yielded many distributions with characteristic endpoints

® No attempt to reconstruct individual decaying particles

® In top dilepton events, have mJaX ~ ‘»ff“’”?(t) — m2(W)
~(155 GeV)
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T 800 [ wwimzzzisngietop- which top quarl; kinematics
- f [Jswsssaxo 4 were derived using mw, Miop
8 eoo- » Esimate -1 and MET constraints, then top
W mi 1 quarks were “redecayed” with
2 MC
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® Many other similar variables

® E.g.“contransverse mass” (arXiv:0802.2879)

® For dilepton tt:

Mmam . m? (t) —m? (W)—l—m? (b)
m(t)
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http://arxiv.org/abs/0802.2879
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Conclusions

® Many different top reconstruction techniques

® From the simplest event selection to very high tech fitting
methods

® Tailored to specific needs:
® C(Calibration
® Background
® Top physics
® Provide necessary redundancy for complex final state

® Sensitive to many “features” of detector and reconstruction

® Eager to test on data!
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