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Motivation
• New physics scenarios

often involve ttbar
resonances

• Large BR in all-hadronic
channel (46%)

• Are we sensitive to this?
• Can we suppress the huge

dijet background?

hep-ph/0612015v1
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Motivation

• http://arxiv.org/abs/0806.0848
• Phys.Rev.Lett.101:142001,2008

• Based on
discriminating top from
non-top based on
subjets of high-pt jets

• Assume crude deta-
dphi segmentation
(0.1x0.1) in paper

Achieved 99% background rejection, 40% top tagging efficiency
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• C-A is a sequential recombination type algorithm1

• Pairwise examination of input 4-vectors
• Calculate dij

– N = 2: kT

– N = 0: Cambridge Aachen
– N = -2: anti-kT

• Also find the “beam distance”

• Find min of all dij and diB

• If min is a dij, merge and iterate
• If min is a diB, classify as a final jet
• Continue until list is exhausted

Cambridge-Aachen

1: arXiv:hep-ph/9707323

1 2

3 4
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Top Tagging
• “Hard jets”: Cluster jets with C-A

– R = 0.8
– pT > 250 GeV
– |y| < 2.5

• Reverse cluster sequence
– Throw out soft clusters

• Fraction of hard jet pt < 0.05

• Repeat on clusters until either
– Have 3 or 4 hard clusters (PASS)
– There are all soft clusters (FAIL)

• These are called “subjets”

4 3

2 1
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Top Tagging

• Discriminate top jets
against non-top jets
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Top Tagging

• Discriminate top jets
against non-top jets

– Top mass
– W mass
– b-tagging
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Top Tagging

• Discriminate top jets
against non-top jets

– Top mass
– W mass
– b-tagging

Tracking unreliable
in boosted top due to collimation

of particles
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Top Tagging

• Discriminate top jets
against non-top jets

– Top mass
– W mass
– b-tagging
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Top Tagging

• Discriminate top jets
against non-top jets

– Top mass ~ jet mass
– W mass

Partially merged jets Fully Merged jets

Jet mass good approximation
for top mass
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Top Tagging

Parton Level
• Discriminate top jets

against non-top jets

– Top mass
– W mass ~ min di-subjet mass

bq
bq’
qq’

Take minimum mass pairing
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Top Tagging

Parton Level

Reconstructed

• Discriminate top jets
against non-top jets

– Top mass
– W mass ~ min di-subjet mass

bq
bq’
qq’

j1+j2
j1+j3
j1+j3
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Top Tagging

Wrong combination

Right combination

• Discriminate top jets
against non-top jets

– Top mass
– W mass ~ min di-subjet mass

After reconstruction,
still often gets W mass
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Top Tagging

• Discriminate top jets
against non-top jets

– Top mass
– W mass

Require
   100 < mjet < 250 GeV/c2

    50 GeV/c2 < mmin
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Efficiency Estimate

• Efficiency derived from MC
• Systematic uncertainties will include:

– Theoretical uncertainties
– Smearing detector-based resolutions
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Efficiency Estimate

• Heavy quark fragmentation
• Light quark fragmentation
• ISR/FSR
• ΛQCD

• Select partons from t->Wb
decay
– b, q, q’

• Compare true value to
response in subjet

• Parameterize resolutions with
parton pT

• Smear pT by 10%
• Smear Y, phi by 50%

Theory Detector
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Efficiency Estimate

46% for pT > 600-700 GeV/c
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Mistag Parameterization

• “Anti-tag-and-probe”
– Look at “anti-tagged”

sample collected from
dijet triggers

– Have a signal-
depleted sample on
the “away” side

Require veto
(anti-tag)

Signal depleted
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Mistag Parameterization
• Data-based background

estimate

• Parameterize the
background rate with jet pT

• Numerator: Anti-tag Plus Tag
• Denominator: Anti-tag Plus

Probe

• For simulation: scale to 100
pb-1

– Remove ttbar
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Mistag Parameterization

• Total Systematic: 100% of subtracted ttbar
• Statistically dominated
• 98% rejection for pT = 600 GeV/c
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Application: Dijet Search

• CMS PAS EXO-09-002
• Examine dijet search

for resonances
decaying to ttbar in
hadronic channel

• Simple bump-hunt
• Signal from MC
• Background:

– QCD dijets (red) :
data-driven.

– Ttbar (blue) : from MC
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Application: Dijet Search

With ~200 pb-1

can begin to
probe realistic
new physics

scenarios giving
boosted top

100 pb-1

100 pb-1
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Conclusions

• Have presented the C-A based algorithm for
tagging highly boosted top jets
– Validated C-A
– Validated the Top Tagging algorithm

• Presented data-driven fake-tag estimate
– ~98% rejection of non-top jets at 600 GeV/c

• Presented MC-driven efficiency estimate until
data-driven approach is possible
– ~46% efficiency of top jets at 600 GeV/c

• Good sensitivity to popular new physics models


