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Data: boosted W’s and tops!
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Handles for distinguishing signal v. background

their colour (q v. g)

radiation off
prongs sensitive to

z

(1−z)

boosted X

softer prong mom. fraction z

radiation off X sensitive 
to its colour charge

large−angle (>> 2m/pt)

g
→gg(g) q

→qg(g) g
→bb̄ H

→bb̄ t→qqq̄

softer prong z soft soft hard hard hard

prong colour factors 2×CA CF+CA 2×CF 2×CF 3×CF

system colour factor CA CF CA 0 CF
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New Methods and Observables
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Some taggers and jet-substructure observables

Jet Declustering

Jet Shapes

Matrix−Element

Seymour93

YSplitter

Mass−Drop+Filter

JHTopTagger TW

CMSTopTagger

N−subjettiness (TvT)

CoM N−subjettiness (Kim)

N−jettiness

HEPTopTagger
(+ dipolarity)

Trimming

Pruning

Planar Flow

Twist

ATLASTopTagger

Templates

Shower Deconstruction

Qjets

Multi−variate tagger

ACF

apologies for omitted taggers, arguable links, etc.
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What is the physics that Qjets is exploiting?
Greater fragmentation in gluonic systems?



ACF (aka energy-energy-correlation moments) is an observable a bit
like angularities, but with very special resummation properties —

keep an eye on it for the future

studied for e+e− also in Banfi, GPS & Zanderighi ’04
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Template Overlap Method

Instead of cutting on subjets, cut on set of
templates that you try to match to the jet

New: 3-body templates for 2-body decays
+ results for Higgs searches

Soon: publicly available implementation
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Shower deconstruction: matrix element method “on steroids”

What’s new: it has now been applied to tops

What I like about it: it uses “maximal” physics info, so there are good
reasons why it should work better than other methods
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Jet Masses

and other calculations
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m2
≃ pt1pt2∆R2

12

for parton with pt = 300 GeV, jet R = 0.7,
30 GeV of jet mass comes from 7 GeV emission

for parton with pt = 2 TeV, jet R = 0.7,
30 GeV of jet mass comes from 1 GeV emission

This sensitivity to low momentum scales is what makes masses difficult
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Jet masses from two groups

Resummed jet masses compared to Monte Carlo showers

These results are a significant theory development of the
workshop

but, be aware of the fine print
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Do (NLL!) non-global logs matter when you do NNLL?

opposing conclusions

[see backup slides for my detailed opinion]
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Hadron masses matter for jet masses
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What about calculating masses with grooming?

My opinion: with all techniques we
have at hand, I see no reason why
we can’t obtain reasonably precise
predictions for groomed techniques
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NB: one still needs to select the jet mass (which has NLL ISR distortion)
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Other calculations, not presented here

Ferrera, Grazzini & Tramontano ’11

WH production (differential) @NNLO

WH prodn & decay @NLO

Wbb̄ background in POWHEG

Oleari & Reina ’11
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Robustness
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Robustness to colour-flow? (Octet v. singlet resonances)

Conclusion: top-tagger with in-built grooming ≪ affected

NB: sensitivity appears for aggressive working points (very low mistag),
while experiments work with higher mistag rates

Gavin Salam (CERN/Princeton/CNRS) Boost Theory Summary Boost 2012-07-27 22 / 33



Subtraction pileup from shapes

Application to τ3/τ2
based top tagging:

without pileup: 35% v. 2%
with 30 pileup: 20% v. 0.5%
after subtraction: 35% v. 2%
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Software tools
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FJ contrib is still in a seedling stage.
Its success will rely on community input
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RIVET
[Buckley]

The standard for
making (unfolded)

analyses
reproducible

Gavin Salam (CERN/Princeton/CNRS) Boost Theory Summary Boost 2012-07-27 27 / 33



Analyses
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takes jet substructure beyond
boosted topologies: neat!
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pp → g̃ g̃ , g̃ → tt̄χ0

JH Top Tagger
RPV g̃ → qqq

τ32 etc. + subjets
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RPV SUSY search with

mt̃ <
1

4
mg̃

Either pure substructure
(HEPTopTagger + BDRS)

or partial substructure
(HEPTopTagger + standard)
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VH with H → bb̄: jet substructure or not?
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Outlook

Progress we’ve made, theoretical and experimental, was
not imaginable a few years ago, when the discussion about

jets used to be confined to “cone” v. “kt”

Today we have basic subjet tools + many advances
(shapes, Qjets, deconstruction, BDT taggers, . . . )

Successful adoption by the experiments!

Job for theorists now:
Really understand the taggers?

Understand intermediate pt regions?
More searches?
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EXTRAS
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ratio of jet-mass distribution with and without 5 GeV 3rd-jet veto

anti-kt, R=0.7, pt > 300 GeV, LHC8, qq→qq

Pythia 8.165, pt-ordered shower

Pythia 6.425, pt-ordered shower

Pythia 6.425, virtuality-ordered shower

Herwig 6.520, angular-ordered shower
Impact on jet mass
distribution of 5 GeV
veto on jets outside
the main two jets.

Effects at 20− 50%.

NB: Banfi, Corcella & Dasgupta ’06

found Herwig 6 models NG logs well

My opinion: calculating something that’s not quite jet mass in order to
limit NG logs is not the best avenue for high accuracy comparisons with

data

Banfi, Dasgupta, Khelifa-Kerfa & Marzani ’10
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