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« LHC:+/s = 13 TeV.
* Common background for

° » « 0 all presented analyses:

proton proton QCD multi-jet production,
tt, W/Z+jets.
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" X something new?

« LHC:+/s = 13 TeV.
4 * Common background for

all presented analyses:

° » « 0 QCD multi-jet production,

proton proton tt, W/Z+jets.
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Jet Substructure A@

EXPERIMENT

Jet substructure crucial tool for:
* Inclusive search for and measurement of
H->bb in boosted regime.
* Precision measurements of SM in

extreme phase-spaces.
* Searches for resonances decaying to
highly boosted quark pairs, SM-bosons,

or top-quarks.

two-prong
structure

\)\% , (t21, D5)
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WWIZZ/WZ Resonances: Boosted Dijets A@

EXPERIMENT

Simplest use of jet substructure:

* Search for bump in
dijet invariant mass
spectrum, where one
(or both) jets are 10
identified as W - or 1
Z-bosons.
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Using 50% signal-jet
efficiency working
point, with
overlapping mass
windows.

Significance

* Empiric background fitting function:
pl(l _x)p2_5p3xp3’ X = m]]/\/E

Phys. Lett. B 777 (2017) 91
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/

WWIZZ/WZ Resonances: Boosted Dijets A@

EXPERIMENT

* Results: no excesses. Quoting limits for spin-0 scalar singlet from
gg-tusion, spin-1 Heavy Vector Triplet (HVT) W’/Z’, spin-2
Randall-Sundrum graviton.

* Limited by statistics at high masses.
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Z’. Boosted Dijet + ISR

Idea:

* Reconstruct high-p, low-mass resonance as single large-R jet.
* Trigger on recoil jet or photon (ISR).

* Enhance signal using jet substructure.

 Interpret signal as leptophobic Z'.

Small-radius jets | Large-radius jet

q

q!

\
arXiv:1801.08769 Boosted jets: Increasing transverse momentum, p;
(sub. to Phys. Lett. B)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/

Z’. Boosted Dijet + ISR

Challenge: Substructure cut
(T21) sculpts m; distribution,
used for data-driven
background estimate.
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T, de-correlated from m; by ]
subtracting linear fit from
kinematic dependence > 7207 .
Data-driven background
estimate using transfer factor

on T5p T “pass”/*fail” regions.

Search validated on W/Z peak,
fi consistent with 1.
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arXiv:1801.08769 = log
(sub. to Phys. Lett. B) JHEP 05 (2016) 156
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/
https://arxiv.org/abs/1603.00027

Z’: Boosted Dijet + ISR

Results: no excess. Limits down to m,, = 100 GeV, lowest in
ATLAS dijet-type search.

Limited by background fit uncertainty and systematics on
de-correlation procedure (not by jet related systematics).
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Phys. Rev. D 96,
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W’. Boosted Top

Idea:

e Search of W’ boson decaying to th reconstructed as system of
large-R jet from top- and small-R jet from b-quark.
Enhance signal using shower deconstruction for top-jet, and
flavour-tagging for b-jet.
Interpret signal using model independent effective Lagrangian.

arXiv:1801.07893
(sub. to Phys. Lett. B)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02/

W’. Boosted Top

Challenge: Identify top-quark in
highly boosted topology. e
Exclusive k| subjets as proxy for 7% 8D unc.

partons. P> 420GV, | <20 ‘ 7 ¢
Calculate probability of shower o
developments leading to obs. subjet
configuration.

Discriminant variable log ysp well

described in simulation.

\s=13TeV, 36.1 b

Data / Pred.

o arXiv:1801.07893
(sub. to Phys. Lett. B)

Parton decays
QCD splittings

ach Phys. Rev. D 87 054012
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02/
https://arxiv.org/abs/1211.3140

W’. Boosted Top

Challenge: Estimate multi-jet 1 b-tag in category

background.
Data driven 2D sideband C F

method.

Not loose

Signal regions: two with b-
tagged small-R jet in top-jet,
and one without.

Loose but not

dat
kag — Reorr N 1 data
A — A ngata D »

Large-R jet top candidate

D

Tight
top-tagged tight top-tagged top-tagged

where tt background is _

Ccorr . b-tagged Not b-tagged
subtracted, and R3~" " contains Small-R jet b-candidate
correlation between top- and

b-tagging variables from

Monte Carlo. arXiv:1801.07893
(sub. to Phys. Lett. B)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02/

W’. Boosted Top

Results: no excess. Excluded masses above 2.98 TeV and 2.85 TeV in
right- and left-handed couplings, respectively.

Limited by systematic uncertainty in 2D sideband method and
flavour-tagging efficiencies, and purely by statistical uncertainty for
masses > 2 TeV.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02/

Jet Substructure at High Boosts

* Currently, mostly using calorimeter-based jet substructure.
* Tracker granularity superior to calorimeter.
=» Use tracker in reconstruction of jet substructure.
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Substructure Reconstruction Developments A@)S

EXPERIMENT

* New techniques: combining tracker and calorimeter information
on fundamental level.

ATL-PHYS-PUB-2017-015

TrackCaloClusters
will improve jet
substructure
resolution at high
pr by factor two.
Expected to boost
sensitivity of
ATLAS searches on
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-015/

Summary

* Jet substructure crucial for ATLAS physics program, especially
searches for new physics with boosted objects.

* Touched upon three examples:

1. W/Z->qq': Search for diboson resonances with boson-tagged jets in pp
collisions at +/s = 13 TeV with the ATLAS detector.
2. Z'>qq': Search for light resonances decaying to boosted quark pairs and

produced in association with a photon or a jet in proton-proton collisions at
\/s = 13 TeV with the ATLAS detector.

3 W- tE: Search for W’ — th decays in the hadronic final state using pp
collisions at v/s = 13 TeV with the ATLAS detector.

* Combination of calorimeter and tracker information will provide
superior jet substructure performance in future ATLAS analysis.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-02/

BACKUP
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Run: 299584

Event: 563621388
2016-05-20 08:26:49 CEST
M(JJ)=2.40 TeV

R. Jansky - Search for heavy resonances
jet substructure techniques in ATLAS
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Z’: Boosted Dijet + ISR

« t2PT is flat versus large-R jet mass.

- ATLAS Simulation
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Z’: Boosted Dijet + ISR

——

03
T

ATLAS ¢ Data
(s=13Tev, 36177  HIW+jets

W/Z validation Bl Z + jets

Jet channel [[] Background est.

Ry Bkg. stat. uncert.
[[7] Bkg. syst. uncert.

Challenge: Substructure cut
(T21) sculpts m; distribution,
used for data-driven
background estimate.

T, de-correlated from m,;
using DDT technique > 7277 .
Data-driven background
estimate using transfer factor

on t5P ! “pass”/fail” regions.

Search validated on W/Z peak,
fi consistent with 1.

Events / 2 GeV

I|III|III|III|IIIX

Data - background est.

Lol R
50 60 70 80 90 100 110

arXiv:1801.08769 Large-R jet mass [GeV]
(sub. to Phys. Lett. B)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-01/

Z’: Boosted Dijet + ISR

03

ATLAS ¢ Data

(s=13Tev, 361 70" EW*y

W/Z validation lZ-+y

Photon channel ] Background est.
Bkg. stat. uncert.
] Bkg. syst. uncert.

* W /Z validation for photon
channel.
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Z’: Boosted Dijet + ISR

* Large-R jet mass in SRs.

ATLAS ¢ Data

fs=13TeV, 36.1 " ] Background est.
Photon channel B WIZ+y [ W/Z + jets
— 7' (220 GeV) — 7' (220 GeV)
Bkg. stat. uncert. Bkg. stat. uncert.
[ Bkg. stat. ® syst. [ Bkg. stat. ® syst.
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s=13TeV. 36.1 fb"' ] Background est.
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Z’: Boosted Dijet + ISR

* Limits on cross-section times acceptance.

T | T T T ‘ T T T T T T ‘ T T T ‘ T T T ‘ T T T | T
ATLAS Theory (g =0.5) ATLAS Theory (g =0.5)
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Z’: Boosted Dijet + ISR

* T,, before decorrelation, and after.

- ATLAS Simulation
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Z’: Boosted Dijet + ISR

* T,, before decorrelation, and after.
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ATLAS Simulation
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Z’: Boosted Dijet + ISR

* Signal acceptance and efficiencies.
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W’: Boosted Top

e Shower deconstruction.

LI {HMC

Non tt MC
v SD unc.

p; > 420 GeV, ] < 2.0
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W’: Boosted Top

e SR1 and SR2.

T T T T | T T T T I T T T T I T T T T I T T T
ATLAS ¢ Data
_ -1 == multi-jet + W/Z+jets
\s=13TeV, 36.1b = all-had
= non all-had tt
uncertainty
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W’: Boosted Top

 Validation region.

L L s
ATLAS ¢ Data
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W’: Boosted Top

* Left-handed coupling limits.

ATLAS = Observed 95% CL limit

TT 117

Vs=13TeV, 36.1 fb™ — — Expected 95% CL limit
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 Event selections.

Event reconstruction and selection

Large-R jet (.J)
Small-R jet ()
Top-quark jet candidate (Jcand

top

b-quark jet candidate (jgand)

)

p1 > 420 GeV, || < 2.0
pho> 25 GeV, || < 2.5
jet J with highest m; + 0.15 x m
highest-pt jet 7 with p*?f > 420 GeV,
AR(Jeand 5y > 2.0

top

Lepton veto

zero leptons with pp > 25 GeV, || < 2.5

b-quark jet candidate n zero jon with | > 1.2
0 b-tag in zero b-tagged jets 5 with AR(JE;*I‘;d,j) < 1.0
1 b-tag in exactly one b-tagged jet 7 with AR(JtCC?I‘;d,j) < 1.0
03/13/2018 R. Jansky - Search for heavy resonances with jet substructure techniques in ATLAS 3 1




W’: Boosted Top

* Signal selection efficiencies.
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