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Introduction

* Many Beyond the Standard Model Physics (BSM)
predict new Gauge, Higgs and other Bosons
(Graviton, Radion,...)

* Often decay into Standard Model Bosons:
-WW, WZ, ZZ, WH, ZH, vy

e Simplified Benchmark Models

- Heavy Vector Triplets (HVT) W, Z°, W*
- Georgi-Machacek Model (GM):
Higgs quintuplet (Hs**,Hs*,Hs°,Hs",H5")
 Effective Field Theory (EFT)
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HVT benchmark models

- Simplified Model to bridge Theory & Data

. — Oa a Oa .
LY = =g Wifir" S-fe — g (WMHTE?,DMH + h.c..) |

2
gy = —Cf, g — gvCH

- Model A v

- Extended Gauge Symmetry (extra SU(2))
-gv=1(gn =-0.56 and gr = -0.55) ci~cn~1

* Model B
- Minimal Composite Higgs Model

-gv=3(gn =-2.9and g: = 0.14)
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Leptonic final states

* Clear signature in pp collisions

* Provides a trigger signature
* Usually fewer backgrounds than other modes

* _eptonic di-boson signatures
-WW — tvlv, WW — fvqq

~WZ — b, WZ — tvqq,WZ — qqlt,WZ — qqvv

-4 —Ww, ZZ - U, ZZ — qq¥t, ZZ — qqvv
-WH — tvbb
-ZH — Hbb here usually £ =e, n
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Model

ATLAS Diboson Searches - 95% CL Exclusion Limits

Status: June 2021
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Gk = WW - evuy
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Eur. Phys. J. C 80 (2020) 1165
JHEP 06 (2020) 042
arXiv:2102.13405
arXiv:2102.13405
arXiv:2102.13405
Eur. Phys. J. C 78 (2018) 24
Eur. Phys. J. C 81 (2021) 332
Eur. Phys. J. C 78 (2018) 24

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

Gauge bosons

Bulk RS (k/Mp; = 1.0) Gk = WW,ZZ — qqqq boosted 1.3-1.8 TeV JHEP 06 (2020) 042
HVT (gr = -0.55, gy = -0.56) W — WZ - tvl't resolved 0.25-2.26 TeV Phys. Lett. B 787 (2018) 68

HVT (gr = —0.55, gy = —0.56)
HVT (gr = —0.55, gy = —0.56)
HVT (gr = —0.55, g = —0.56)
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HVT (gr = —0.55, g = —0.56)
HVT (gr = —0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = -0.55, gy = —0.56)
HVT (gr = 0.14, gy = —2.9)

HVT (gr = 0.14, gy = —2.9)

HVT (gr = 0.14, gy = —2.9)

W’ - WZ - vvqq, {vqq, ttqq
W’ — WH — tvbb
W' — WZ - qqqq
W’ - WH — qqbb
7' - WW — evuv
Z' - WW - tvqq
Z' — ZH — vvbb, ttbb
Z' - WW — qqqq
Z' — ZH — qqbb
W' - WZ - 't
W' - WZ - vvqq, {vqq, t{qq
W’ — WH — tvbb

resolved, boosted
resolved, boosted
boosted
boosted
resolved
resolved, boosted
resolved, boosted
boosted
boosted
resolved
resolved, boosted

resolved, boosted

0.3-3.9 TeV
0.4-2.95 TeV
1.3-3.4 TeV.
1.5-2.9 TeV

0.3-3.5 TeV
0.3-2.9 TeV

1.3-2.9 TeV

Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2021-026
JHEP 06 (2020) 042
Phys. Rev. D 102 (2020) 112008
Eur. Phys. J. C 78 (2018) 24
Eur. Phys. J. C 80 (2020) 1165
ATLAS-CONF-2020-043
JHEP 06 (2020) 042
Phys. Rev. D 102 (2020) 112008
Phys. Lett. B 787 (2018) 68
Eur. Phys. J. C 80 (2020) 1165

ATLAS-CONF-2021-026

HVT (gF = 0.14, gy = -2.9) W’ - WZ - qqqq boosted JHEP 06 (2020) 042
HVT (gr = 0.14, gy = -2.9) W’ — WH — qqbb boosted Phys. Rev. D 102 (2020) 112008
HVT (gr = 0.14, gy = -2.9) Z' - WW - tvqq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
HVT (gr = 0.14, gy = -2.9) Z' — ZH — vvbb, ttbb resolved, boosted 0.8-3.2 TeV ATLAS-CONF-2020-043
HVT (gr = 0.14, gy = -2.9) Z' - WW - qqqq boosted 1.3-3.1 TeV JHEP 06 (2020) 042
HVT (gr = 0.14, gy = —2.9) Z' — ZH — qqbb boosted Phys. Rev. D 102 (2020) 112008
1 | 1 1 1 1 | |
0.2 04 0.6 0.8 1 2 3 4 5

Vs =13 TeV
A bt

13 TeV
£=1391b!

*small-radius (large-radius) jets are used in resolved (boosted) events

fwith € =y, e

Excluded mass range [TeV]

ATL-PHYS-PUB-2021-018
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Combination X — VV and X — VH

Il+lv+tv (Obs, 3.0 TeV) VV+VH (Obs, 3.0 TeV) VV+VH+ll+lv +1v (Obs, 3.0 TeV) ll+lv+tv (Obs, 3.0 TeV) VV+VH (Obs, 3.0 TeV) VV+VH+ll+lv+tv (Obs, 3.0 TeV)
Il+lv+zv (Exp, 3.0 TeV) VV+VH (Exp, 3.0 TeV) VV+VH+ll+lv+1v (Exp, 3.0 TeV) l+v+ev (Exp, 3.0 TeV) VV+VH (Exp, 3.0 TeV) VV+VH+ll+lv+tv (Exp, 3.0 TeV)
/M > 5% I EW fits 3 TeV /M > 5% [ EW fits 3 TeV

=

VV+VH

20+8v+1v

VV+VH+

06 -0.4

-2 -

0
ATLAS-CONF-2022-028
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WH — WWW — X

» Search for additional heavy Higgs Bosons H
* General formulation |n Effectlve Field Theory

£eff:2£ S‘Z‘ADZL

LY = pHgmwsz (W+ WH8"H + h.c. ) pHngﬁX—WW W H,

» Considers also dim-6 operators
scale of new physics A, anomalous couplings fw,fww

* Enhancement of HVV coupling at higher boson
momenta possible

ATLAS-CONF-2022-033
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WH — WWW — X

* Utilise associated production & same sign dilepton signature

» Effective mass of (fvaq’) system mer = £ pr, using pr(lepton),
pr(jets) and missing transverse energy (MET
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WH — WWW — X
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Conclusion

* ATLAS continues exploring the energy frontier

* Probed BSM physics with multi-boson signatures
* Interpret in simplified models HVT, GM, EFT
e So far no deviation from the SM found

‘ the search continues ....
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Systematics: X - WZ — W'l

ATLAS-CONF-2022-005

Source of uncertainty Ap/ e %]

Drell-Yan signal region | VBF signal region
m(W') = 1100 GeV | m(HZ) = 375 GeV

WZ-QCD+ZZ normalization 11

WZ background: parton shower

WZ background: scale, PDF

Fake /non-prompt background

47 background: scale, PDF

VVV + ttV modelling

Electron identification

Muon identification

Jet uncertainty

Flavour tagging

Missing transverse energy

MC statistical uncertainty

Luminosity

Pileup

Total systematic uncertainty

Data statistical uncertainty

Total

A
= W= O = e =
—

H
= oo
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