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Infroduction

» ATLAS has a vast di-boson search program

» Often target heavy resonances
» Boosted performance vital to these searches

» Jet performance and jet substructure crucial for many di-
boson searches

» High mass resonances require excellent tagging in boosted
topologies

» Summarise few of the latest techniques and search results
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Jet Substructure for Boosted Topologies

» At high momentum > 2 prong decays gives “merged” jets

b

H H
b

b
b

“low” momentum “high” momentum

» “Standard” large radius (large-R) jets reconstructed only from
calorimeter (calo) information

> by ATLAS to help improve the jet
performance for these types of decays
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Track-Calo-Clusters (TCC)

» Take advantage of the fracking detector in jet reconstruction

> goft superior spatial resolution at high momentum

» Construct jets by calo-energy
and frack n, @

» Matched calo clusters and
tracks

» Account for “sharing” between
clusters and tracks in four- ,
momentum calculation 71/ i s oo
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https://cds.cern.ch/record/2275636/files/ATL-PHYS-PUB-2017-015.pdf

Track-Calo-Clusters (TCC)

» Improves mass resolution at high momentum

» Excellent D, performance

» Offers significant separation between two-
body decays and QCD jets
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Variable Radius Track Jets

R=0.2 Track Jets VR Track Jets

» Fixed radius (FR) track-jets works well until
the decay products starts to due 1o
high momentum of the decaying particle

» Two-prong flavour-tagging more difficult in

Beamline ¥ 4
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https://cds.cern.ch/record/2268678/files/ATL-PHYS-PUB-2017-010.pdf

WZ and top taggers

» Probe substructure of large-R jets from W, Z and
top quarks

» Cut based W/ tagger — “simple” topology
» Jet mass window requirement, cuts on energy
correlation functions, and associated tracks
» Deep neural network (DNN) top tfaggers
» Either for jets containing top and inclusive tops
» 13 jet moments as input to both

» Excellent signal efficiency and
for both taggers

» Taggers are calibrated on datal
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https://cds.cern.ch/record/2724149/files/ATL-PHYS-PUB-2020-017.pdf

Search for Wy and Z y resonances

> poredicts
new charged X% and neutral X° bosons that couple to the
SMW, Z,and y

» Analysis targets high mass resonances, decaying via X - Wy and
X% - Z% (W/Z decay hadronically)

» Gluon-gluon fusion and quark-antiquark annihilation
» Studying boson masses ranging from 1-6.8 TeV

» The Vy final states gives clear signatures in the detector

» The presence of photons gives high signal efficiency and good
background rejection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-041/

Search for Wy and Z vy
resonances

» Single photon trigger with
fransverse energy (EL) > 140 GeV

>
from W/Z in boosted jets

» Add EY variant cut dependent on
The MAss g O_QE‘A'TLAQ"S}M}"'P' eliminary 4o g 0_;; TLAS S e ‘IH",;';B'TA‘G """" E

g o.e'g 113Tix e 4o E g 0.8:—\{_ 13 TeV + :
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» Fit data to the SM background {4
» Parameterised functions for both g-gf g}/:
sighal and background e I
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» No significant excess found

» Limits are set on the production cross-
section times the branching fraction (BF)

—
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Search for a heavy resonance
decaying to WH

» Heavy Vector Triplet (HVT) model postulates exm’rence of I
new heavy bosons e B
» Provide limited number of new couplings to
SM particles
» Model A: BF equal to fermions and bosons |  SVVVVEE e
> Fermionic couplings are suppressed

q

» New diboson search from ATLAS
»Search for W' (W' - WH — lvbb)
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https://cds.cern.ch/record/2773302/files/ATLAS-CONF-2021-026.pdf

b
H H

: Analysis Strategy

“low” momentum  “high” momentum

» Targets both low and highly boosted decays

» Rely on TCC large-R jets and VR track-jets to
improve the performance in the boosted regime
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» Require the event to have and

Acceptance x efficiency
o
~
I

» Single electron triggers (e-channel) and missing
transverse momentum (MET) triggers (u-channel) 021~

» Probe events with 1 or 2 b-hadron jefts !

» Reconstruct the invariant mass of the W' - |
candidate from W and H q000 2000 3000 4000 '[Gso\(;_i)
m,, [Ge

» Binned likelihood fit to the my,y distribution
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New Resonances... ¢

» Data is consistent with the background-only
hypothesis

» No excess found but new improved limits are set

»Set upper limit on o(pp > W' - WH) to be for @
mass of 400 GeV down to for masses of 5 TeV

» 2-3x improvement w.r.t previous iteration (36 fo')

» Excluding masses below 2.95 (3.15) TeV for Model
A and B

» TCC large-R and VR track-jets significantly
improved the performance at high resonance
mMasses

» Ranging from from 1.8 10 5 TeV
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My = 3.7 TeV

Large-R jet p; = 1.09 TeV
MET = 361.9 GeV

Muon p; = 631.6 GeV

EXPERIMENT

Run: 363710
Event: 2531279786
2018-10-17 00:13:37 CEST




ATLAS Diboson Searches - 95% CL Exclusion Limits ATLAS Preliminary

Summary ...

Status: June 2021 £=(361-139)fb! V5=13TeV
Model Channel’ Strategy” Limit Reference
I 1 I T I 1 I I I
Bulk RS (krr. = 35, Ag = 3TeV) R — WW, ZZ — wqq, {vqq. ftaq resolved, boosted Eur. Phys. J. C B0 (2020] 1165

Bulk RS (kar. = 35, Ag = 3TeV) R— WW,ZZ — qqqq boosted JHEP 06 (2020) 042
" RS1 (k/Mp = 0.01) Grix = ¥y resolved arXivi2102.13405
§ RS1 (k/Mp) = 0.05) Gk =7y resolved arkiv:2102.13405
S RSt (kg = 0.1) Grr =7y resolved ariv:2102.13405
> O n | y S h OW n -I-WO ol ookrs (k/Mp =0.5) G — WW — ey resolved Eur. Phys. J. G 78 (2018) 24
‘g Bulk RS (k/Mp = 1.0) Gkk — ZZ — FECE vl E resolved Eur, Phys. J. C 81 (2021) 332
. Bulk RS (k/Mp = 1.0) Gri — WW — evuy resolved Eur. Phys. J. G 78 (2018) 24

analyses..
» But ATLAS have

Bulk RS (k/Mp = 1.0)

Gy — WW, ZZ — vvqq, fvqq, (lqq

resolved, boosted

. 03-20Tev]

Eur. Phys. J. C BO (2020) 1165

Bulk RS (k/Mp = 1.0) Gk — WW, ZZ — qqqq boosted 1.3-1.8 TeV JHEP 06 (2020) 042
HVT (g¢ = -0.55, gy = -0.56) W’ — WZ — vl'e resolved 0.25-2.26 TeV Phys. Lett. B 787 (2018) 68

HVT (gr = —0.55, gy = —0.56)
HVT (g = -0.55, gy = ~0.56)

W’ — WZ — vvqq, fvgq, (lgq
W' — WH — fvbb

resolved, boosted

resolved, boosted

L 04.295TeV]

Eur. Phys. J. C 80 (2020) 1165

ATLAS-CONF-2021-026

HVT (gr = ~0.55, gy = —0.56) W' - WZ - qqqq boosted 1.3-3.4 TeV JHEP 06 (2020) 042
q va Si- sedarc h T e 05 g 056 W ot oosts g v 0 162 00 1200
HVT (gF = -0.55, BH = —0.56) Z' = WW — evuv resolved 0.2-1.3 TeV Eur. Phys. J. C 78 (2018) 24

program for final

HVT (gr = -0.55, gn = —0.56)

Z' = WW - fvgq

resclved, boosted

0.3-3.5 TeV

Eur. Phys. J. C 80 (2020) 1165

HVT (gr = -0.55, gy = —0.56) Z' — ZH — vvbb, £fbb resolved, boosted ATLAS-CONF-2020-043
° ° g HVT (gr = -0.55, g1 = ~0.56) 2~ WW ~ qqaq boosted JHEP 06 (2020) 042
8 HVT (gr = -0.55, gy = —0.56) Z' — ZH — qqbb boosted Phys. Aev. D 102 (2020) 112008
S 1- O -l-e S I n C | U d | n g §' HVT (gr = 0.14, gy = -2.9) W = WZ - vt resolved Phys. Lett. B 787 (2018) 68
S 1T (g — 0.14, gy — —2.9) W’ — WZ — vvqq, vqq, (fqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
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HVT (g = 0.14, gy = -2.9)

W' — WH — {vbb

resolved, boosted

0.8-3.15 TeV.

ATLAS-CONF-2021-026

HVT (gr = 0.14, gy = -2.9) W' - WZ - qqqq boosted 1.3-3.6 TeV JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) W' — WH — qqbb boosted 1.5-3.2 TeV Phys. Rev, D 102 (2020) 112008

HVT (gr = 0.14, gy = ~2.9)
HVT (g = 0.14, gy = -2.9)

Z' = WW — fvqq
Z' — ZH — vvbb, £{bb

resolved, boosted

resolved, boosted

0.8-3.9 TeV
. 08-32TeV]

Eur. Phys. J. C 80 (2020) 1165

ATLAS-CONF-2020-043

HVT (gr = 0.14, gy = -2.9) Z' - WW - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) Z' — ZH — qqbb boosted 1.5-2.65 TeV Phys. Rev. D 102 (2020) 112008
] 1 1 1 ] 1 1 1 ]
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*small-radius (large-radius) jets are used in resolved (boosted) events

twith £ = e
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-018/
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VR In NN based H—bb taggers

» New tagger developed: feed-forward neural network (NN)
» Using flavour tagging information of the
» Training on simulated H - bb events

» Provide distinguishable variable for Higgs / multijet / top

» Significant improvements over previous tagging strategy of individually
tagging the jets with MV2 or DL1r

» Multijet (top) rejection at 60% eff is increased by 1.4 (2.0) compored to MV2
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http://cds.cern.ch/record/2724739/files/ATL-PHYS-PUB-2020-019.pdf

Search for Wy and Z y resonances

» Signal Parameterisation:

S(myy:N, p, o, 1,01, @2,n2)

[ ni 2 _ —nj
n _lail n_ _ Mmyy—H miy=H
(mn) e}“p( 2 )(mn | = = ) o ST
- {m.f}'_fi)z myy—U
= N-qexp (_ 202 o < T s
n2 2 _ —H2
ns _az| n, mjy—H mjy—H
k(_lﬂle) exp( 5 ) (Iﬂrzl | + p= ) @, < ——.

» Background Parameterisation:

B(myy; p) = (1 —x)P1xP>*Ps log(x)+p4 log? (x)+ps log* (x)
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