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Motivation

Excited bottom quarks
Predicted by various theories beyond the
standard model
(e.g. warped extra dimensions, composite
Higgs)
Single production in pp collisions by gluon
and bottom quark interaction
Left-handed, right-handed and vector-like
couplings to W are possible

t
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g

b∗

J.Nutter, R. Schwienhorst et al.: 1207.5179

b∗ decay
Modes: gb, bZ, bH and tW
tW branching ratio is
dominant at high b∗ masses
Interesting signature of tW
decay mode
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Prior Searches

Run 1 Analyses
ATLAS1 at 7 TeV
ATLAS2 at 8 TeV
CMS3 at 8 TeV

CMS and ATLAS searches with
comparable results
Limits set for left-/right-handed
and vector-like benchmark
scenarios
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Analysis Strategy

In this talk: focus on muon channel

q

q′

b
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p
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t Wb∗

Event Kinematics
Top and W are back to back due to high Mb∗

Boost of top quark and W boson dependent on Mb∗

Reconstruct top quark using top tagging with HOTVR
one algorithm for all b∗ masses

Reconstruct W boson from muon and�ET
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Control Distributions
Preselection

2016 dataset
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Top Jet Kinematics

Top tagging over wide
kinematic range is challenging
Top quark decay is more
collimated with higher pT

Fixed cone size jets are only
sensitive to certain pT region

⇒ Adaptable jet size to cover
large kinematic region

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

 [GeV/c]
T, top

p

0 500 1000 1500 2000

m
a
x

 R
∆

0

1

2

3

CMS Work in progress

A. Froehlich | UHH Search for b∗ → tW Terrascale 2018 5/16



HOTVR Algorithm4

Heavy Object Tagger with Variable R
Stable performance in wide pT range
Adapts jet size to pT,jet using Reff(pT ) = ρ

pT

Mass jump veto to suppress clustering of soft radiation
and resolve substructure

1606.04961 1606.04961

4T. Lapsien et al.: 1606.04961
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Top Tagging
Efficiency

Efficiency

ε = Ntagged

Ntotal

signal efficiency εS measured in b∗ samples
HOTVR jet matched to generator level top

misstag rate εB measured in QCD samples
HOTVR jet matched to generator level jet
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Reconstruction of the tW system

Reconstruction Hypotheses
Top hypothesis from HOTVR jet
W hypotheses from muon and�ET
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Reconstruction Discriminator

χ2 =
(

∆φreco
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Mean values and widths from matched distributions in MC
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Signal Regions

Two Signal Regions
main region:

1 b-tagged anti-kT jet
1 top-tagged HOTVR jet

t̄t enriched region:
2+ b-tagged anti-kT jet
1 top-tag HOTVR jet

∆φt,µ > π/2
after reconstruction: χ2 < 20
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Expected Limits
First Look
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expected limits calculated in main signal region
only stat. and MC scale uncertainties right now
good sensitivity over wide mass range
bump around 2 TeV from uncertainties on non-top backgrounds

→ more reliable background estimation needed
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Background Estimation
Strategy

SR SRVR

CR VR

1 top

0 top

0 b 1 b 2+b

fit

fit

fit

fit
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Background Estimation
Control Region

Non-top control region
veto b-tag
veto HOTVR top-tag

Strategy
obtain extrapolation function
from fit to non-top MC ratio

α(MtW) = NSR(MtW)
NCR(MtW)

subtract top backgrounds (t̄t and
single t) from data and
extrapolate
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Background Estimation
Closure Test

Validation region
1 b-tag
veto HOTVR top-tag
fitting linear function
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Background Estimation
Closure Test

Validation region
1 b-tag
veto HOTVR top-tag
fitting linear function
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Background Estimation
Closure Test

main signal region
1 b-tag
1 HOTVR top-tag
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t̄t enriched signal region
2+ b-tag
1 HOTVR top-tag
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Summary

Conclusion
First search for b∗ → tW in pp collisions at
13 TeV
Top tagging with HOTVR-PUPPI very
promising
First look at expected limits in muon channel
Taken first steps towards datadriven
background estimation

Outlook
Include electron channel and full systematics
Full Run2 analysis
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BACKUP



Top Tagging Efficiencies
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