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Beyond Standard Model resonances

e 2 Higgs Doublet Model (2HDM) "
- 2 neutral (H, h), 1 pseudoscalar (A), 2 charged (H) X ¢ Electron

e Seesaw model (type Il)
- 4 charged (H*%, H¥), 1 pseudoscalar (4%) , 2 neutral (/°, AY)

e Georgi—-Machacek (GM) model
'Aﬂveplet H5++, H5+, HSO, HS_’ HS__

e Heavy Vector Triplet (HVT)
- 3 heavy vector bosons (W’t, Z’)

e Warped Extra Dimensions
- Spin 2 Graviton, spin 0 Radion

e Axion Like Particles

e Model independent resonances
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ATLAS X — Diboson searches

Diboson state Final states
HH 4b, 2b2W, 2b2t, 4W, 2b2y, 2W2y, 2blvlv
HZ qqbb, vvbb, libb
HW qqbb, Ivbb
22 qqqq, vvaaq, llgq, llvy, Il
ZW qqqaq, vvqq, lvqq, llgq, vl
WW qqqaq, lvaq, Ivlv
My
2y lly, qqy
Wy lvy, qqy
vy

e Many BSM searches by ATLAS
- Currently searches focus on high masses
- High mass resonances = diboson decays
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Hadronic decays

e Typical heavy BSM resonance decay
- X = 2Y high p; particles

e Large hadronic Branching Ratios
- Z = hadrons = 70%
- W = hadrons = 67%
- H = hadrons = 80%

e Hadronic decays of high p; particles
- Highly boosted collimated jets
- Reconstructed as single large jet

e Large R-Jets
- Anti-k, aggregates Topo clusters until certain R
- Increase R from 0.4 to 1 for large jets
- Particle identification from jet substructure

t—lWb—ggb
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Jet reconstruction

e Track-CaloClusters (TCCs) ¢ Unified Flow Objects (UFO)
- Developed for massive boosted objects - TCCs and Particle Flow Objects merged into UFO
- Combine the strengths of calorimeter (p;, m) and ID (d,n) UFO has overall best performance
- Optimized for jet substructure reconstruction
performance e Pile — up subtraction and calibration
- Better performance on high p; jets - Pile-up mitigation and/or grooming algorithms
- Detector response and simulation mismodelling
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Z/W Tagging

e W/Ztagging
- 2-prong decays with relatively equal momentum sharing

ﬁj‘? :I L | LI .I | | II LI I.I ‘I | L I LI L L I:

e Machine learning techniques w —  ATLAS Simulation Preliminary 7
. .. i 10 & _ : . —

- Sophisticated substructure variables S = (s=13TeV, W jet tagging | =
) o — anti-k, R=1.0 UFO Soft-Drop CS+8K jets .

- Adversarial NN to ensure no mass @ 10° = P.€ [500, 1000] GeV , 5
correlation T S Frawies o -
g PPN .

- Xx10 improvement in bkg rejection wrt the S 2 L ]
cut based tagger S et -
- x2-4 improvement due to using UFO jets - [ el e _
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-029/

Higgs Tagging

* Higgs tagging R B T I o B B

: . . c - 4 Dypp, frop = 0.25

- Usually identified from the b-jets S 4355 ATLAS Simulation Preliminary 4 2voun

- Several exclusive Higgs-tagging algorithms 3 F Vs=13TeV 4 2VRMV2
0_3'120__ 2R =0.2 MV2
o -

e b-jet tagging D 105F
- Displaced vertex / Large mass / High decay = - e
multiplicity = 905::.: ——

- Highly sophisticated ML algorithms (DL1r)

i
|
t

+
a

- Jet topology, secondary vertices, tracks 605— —— _|_
- DL1r discriminates b, c, light flavor jets - ——
45 —— -+ +
N L e o
e Boosted H->bb tagger 305 2;:&';;':” -~ —— -I—

- Extends the application of b-tagging at the large-R jet - Inl<20 e - -

C e — _
- Neural network 155 76 <m;/GeV < 146 —— e | =
- Combines large-R jet kinematics with flavor tagging 055 D50 0 00 1o 50 A e 500

info ATL-PHYS-PUB-2020-019 Large-R Jet pr [TeV]
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Search for X - HH — 4b

&N’
e Analysis strategy
- Multijet background - 3 signal-enriched categories “4b”, “3b”, “2b”
- Boosted / resolved topologies - Signal region is defined by bb pairs masses
- 2 large-R jets Topo / 4 small-R PFlow - General spin 0 and Graviton interpretations
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002

Anomaly detection search for Y = XH

e Analysis strategy
- Muultijet background

- 2 highest p; large-R TCC jets & boosted H->bb tagger
- Jet-level Anomaly Score for the Signal Region
- 2 supplementary SRs for 2-prong X decay, boosted/

resolved topology

- Small excess found (global significance 1.470)
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e Variational recurrent neural network (VRNN)
- Unsupervised learning for Anomaly Detection

constituent 4-vectors

- Designed to reveal correlations between

- Trained over large jets modeled as sequence of

constituents and substructure to reveal any anomaly

ATLAS-CONF-2022-045

10? IIIIIIIIIIIIIIIIIIIIIIIIIIlIIII|IIII|III
ATLAS Preliminary —— Data

Vs=13 TeV, 139 fb™

Fit Range: 1.3-4.9 TeV
Anomaly SR
m, in(75.5, 95.5) GeV

Events

— Background
10° _
— BumpHunter interval

p-value = 9.10E-03
10°

10

Significance _.
o

15 2 25 3 35 4 45 5

my [TeV]

Panagiotis Bellos Searches for resonances decaying to boson pairs in ATLAS

UNIVERSITYor 373
BIRMINGHAM &%
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Search for HW = WWW - |vlvjj
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https://arxiv.org/abs/2211.02617

Search for X —» Z2Z - 4|

e Analysis strategy e 2 Deep Neural Networks
- Background from qq/gg — 7Z - Probe the ggF/VBF signal
- 4 |leptons compatible with ZZ - Trained on event kinematic variables
- ggF and VBF category - Advanced design combining RNN and MLP
- 2HDM and Graviton interpretations - 11 mass points (PNN)

- Separate events in ggF/VBF/rest
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https://arxiv.org/abs/2009.14791

Results — Full Run |l
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Results — Full Run I
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e H-— 2Z - 41 (2HDM) e W > WH — qqbb (HVT) e HW - WWW - Ivlvjj (EFT)

- Ratio of the vacuum expectation - W’ — fermions coupling - H anomalous couplings to W
values of the 2 Higgs doublets (tanp) - W’ — Higgs coupling

- Mixing angle between the CP-even
Higgs bosons (a)
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Summary

e Many BSM predict new resonances

e Large variety of searches for Diboson Resonances
by ATLAS

e Boosted jets final states are crucial

e Jet substructure and several new
experimental techniques developed
during Run Il

e No significant excess so far

e Run lll has already began
More exciting results !
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