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@ W-bosons produced in Standard Model processes S, ATLAS Preliminary - Smulation
and decay of exotic particles (technicolor, extra <, Pythia Z' - tf, t - Wb
dimensions ... ]
) ) . ) 2.57 AR%2m/PT
@ Hadronic decay modes have large branching ratio 2 , :

@ At high pr, signal over background ratio generally
increases
— the W-boson decay products are boosted
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— reconstruction as one single large-radius jet Wp, [GeV]

Need to distinguish between large-R jets from boosted bosons and quarks/gluons
@ Grooming techniques
o Clean the large-R jet from soft gluon radiation and pile-up effects that
diminish jet mass resolution
o Techniques: trimming, BDRS (mass-drop/filtering), pruning (see backup)
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Need to distinguish between large-R jets from boosted bosons and quarks/gluons
© Grooming techniques
o Clean the large-R jet from soft gluon radiation and pile-up effects that
diminish jet mass resolution
o Techniques: trimming, BDRS (mass-drop/filtering), pruning (see backup)

@ Substructure information
o Use hard substructure of jet (not present in e.g. gluon jet) to
improve signal efficiency and background rejection
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W-tagging Overview DE GENEVE

Three different steps are considered to define a W-tagger:
© Compare jet groomer performance based on the jet mass
@ Use substructure information to increase the background rejection

© How well are the substructure variables modeled?
(Using boosted W-bosons from tt enriched events)

What do we want to distinguish: w
e Signal: KKG — W(w)W(qq)  -----__
e Background: W(¢v)+jets we ! a

Jet Selection:

@ The leading jet of each considered groomed jet collection is used
and has to be matched to the leading C/A R =1.2 truth jet

(allows for an unbiased comparison) =
e Groomers: Trimmed, BDRS, BDRS-A, C/A-pruned and k;-pruned %
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Step 1 - Jet Mass DE GENEVE

Good groomer requires:
@ Most probable value of mass distribution close to myy
@ Minimal background efficiency in window containing 68% of the signal events
@ Good signal jet mass resolution
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Step 2 - Substructure Information
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@ In addition to mass window use single-sided cut on substructure variable

o ¢ T28: efficiency of cut on substructure variable

@€ Groom:

efficiency of mass window cut
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Step 3 - Data/MC Comparison UNIVERSITE

@ Good tagger also needs good modeling of substructure variables

@ Studies performed using boosted W-bosons from lepton-+jets tt events
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e Good data/MC agreement for studied variables
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Sum mary DE GENEVE

@ Performance of boosted W-boson identification was studied at /s = 8 TeV

@ With the Run-Il of the LHC at /s = 13 TeV, the identification of boosted
bosons will become more important

@ Focus here on W-bosons, Z-boson tagging similar but using a different mass
window criterion — will need W/Z discrimination

@ Grooming techniques are a powerful tool to discriminate between the hard
substructure of a signal jet and a quark/gluon jet

@ The background rejection can be increased using further substructure
information

@ Variables with good MC modeling and large background rejection to be used

@ New physics might be just around the corner and could be discovered using

these techniques (\2‘?
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Jet Grooming in a Nutshell UNIVERSITE
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@ Mass drop/filtering (http://arxiv.org/abs/0802.2470)
o Splitting: use substructure of jet: \/ys and mass drop
o Filtering: remove soft radiation

De-clustering

AR, 1
anr: @
y = Prpz) X AR2/ Mgy, gt \.\ \3)
H = max(Mg),Mz) / Mgy {FZ? i 6.9]
@ Keep S

@ Discard [ :
p

%,

If \y; < Vypmins CONtinue to next step.
If 4 > Pmaxe cONtinue to next step.
Else, keep the constituents of j1 and stop.
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Jet Grooming in a Nutshell DNIVERSTE
@ Mass drop/filtering (http://arxiv.org/abs/0802.2470)

o Splitting: use substructure of jet: |/ys and mass drop
o Filtering: remove soft radiation

@ Trimming (http://arxiv.org/abs/0912.1342)

o Removes soft constituents from pile-up, ISR and multiple parton interaction by
comparing the pr of each constituents to the jet pr: p'T/pJT‘Et < feut

Initial jet . p"T/p"{.at < feut Trimmed jet
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Jet Grooming in a Nutshell DF GENEVE

@ Mass drop/filtering (http://arxiv.org/abs/0802.2470)
o Splitting: use substructure of jet: \/ys and mass drop
o Filtering: remove soft radiation
@ Trimming (http://arxiv.org/abs/0912.1342)
o Removes soft constituents from pile-up, ISR and multiple parton interaction by
comparing the pr of each constituents to the jet pr: p'T/pJ;t < fout
@ Pruning http://arxiv.org/abs/0912.0033
o For each jet in reclustering, remove softer constituent from jet if
e wide-angled: Ri2 > Rcut - 2m/pr or

min(pr,1,PT,2) < Zow
cu

@ soft:
pPT,1+PT,2

Pruning
. * 3 z = p(i) / pr (i+))

o

2 o TS pr(i) <p()

2 Jor

At each step:

If AR;<d,4OR z> 2
continue to next step.

Otherwise, discard object i.

cut
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Event Selection for W-tagging Studies DE GENEVE

KKG — W(4v)W(qq) vs. W(lv)+jets

Events need to contain a truth W-boson decaying to p + v

W-boson defined as the generator-level vector sum of the muon and neutrino
|nw]| < 2.0 and pp > 160 GeV

One reconstructed muon

ET miss > 20 GeV

C/A R = 1.0 truth jet with pp > 100 GeV, || < 2.0

For each groomer, the leading calorimeter jet must be within 0.75-R of the
leading C/A R = 1.2 truth jet
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Definition of Substructure Variables DY oA

o Splitting scale Phys. Rev. D65 (2002) 096014
o ki distance between the two proto-jets of the final clustering step:
\/TQ = min(pTl,pTQ) x AR
o Hardest proto-jets are combined in last step of reclustering for k; algorithm
o Symmetric energy distribution for W-jets, asymmetric for QCD jets

e Momentum balance Phys. Rev. Lett. 100 (2008) 24200
\/)7)( — min(pr1,pT2) X Ang

mi2

e N-subjettiness JHEP 03 (2011) 015
o Describes how likely it is that a jet is composed out of N subjets:
Sk Pk (min(ARy Ry k- Ry k)P
- >k pr(Ro)?
o Powerful discrimination using the ratio: /71

™

@ Q-jets mass volatility Phys.Rev.Lett. 108 (2012) 182003
o Q-jets technique reclusters the jet many times with a degree of randomness.
o Jet observables have a distribution for a given jet
o W-jets: mass persists during re-clustering e
o QCD-jet mass fluctuates %

<m?>—<m>?
VQJets = T <ms
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Signal Efficiency vs. Background Rejection gy‘g’gng:
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Signal Efficiency vs. Background Rejection gy‘g’gng:
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Event Selection for Data/MC Studies DNIVERSTE

o W-boson taken from enriched tf events with tt — W(— uv)W(— qq)bb
o HEPTopTagger algorithm is used to find hadronically-decaying W-bosons
@ Single muon trigger , muon in event is required to be isolated

@ Er miss > 20 GeV and Et miss + mw, T > 60 GeV

HEPTopTagger:
e C/A R = 1.5 jets are decomposed into substructure objects using the iterative
mass-drop procedure until mgpjer < 50 GeV
o Filter jet using Rsyp = 0.3 and the five hardest subjets are kept

o Constituents of five hardest subjets are clustered with the C/A algorithm into
three substructure objects.

o Compability of substructure objects with top quark decay topology is tested
@ Invariant mass of one pair of substructure to be within 15% of W mass

References for HEPTopTagger
e T. Plehn, G. P. Salam, and M. Spannowsky, Fat Jets for a Light Higgs,
Phys. Rev. Lett. 104 (2010) 111801 >
@ T. Plehn et al., Stop Reconstruction with Tagged Tops, %
JHEP 10 (2010) 078
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HEPTopTagger

JHEPOQ9 (2013) 076
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