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Introduction

Several scenarios for physics beyond the Standard
Model include new particles decaying into pairs of
bosons

This can be due to eg. new Gauge symmetries or
extensions to the Higgs sector, like the 2-Higgs
Doublet Model, Supersymmetry or models
introducing spin-2 gravitons.

The SM Higgs boson (in this talk denoted H)
provides one (but not the only) promising
potential to look for such new resonances

This talk looks at a set of recent searches for such
resonances using the full ATLAS Run 2 data

A common challenge: The presence of very

boosted particles in the final states — often only in
parts of the searched signal parameter space
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Di-Higgs: X -~ HH — bbbb

2 channels spanning 251 < my < 5000 GeV:

* Resolved : Four R=0.4 b-tagged jets, with BDT
to pair them as Higgs candidates

« Boosted: Two R=1.0 b-tagged jets, p;>250 GeV

Track jets also associated to boosted jets — also b- 60 80 100 120140 160 180 200
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Final observable: Fit to my, spectrum.
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Used to set limits on “generic” Spin-0 boson
production and Spin-2 KK graviton production
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002
https://link.springer.com/article/10.1007/JHEP07(2020)108

i [Fornon-esonant search see talk by B. Moser] IHEP 07 (2023) 040

FKTHY See also boosted analysis: JHEP 11 (2020) 1653
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Di-Higgs: X - HH — bbt* 1t~

10'°

[2]
§ 9 ATLAS ; )Izaattaexp. limit
2 channels spanning 251 < my < 1600 GeV: W 10°E \s=13Tev, 139 f5' my = 500 GeV
] . 1 08 TiepThad SLT Top-quark
* ThadThag: 1 WO Opposite-charge hadronic tau _E signal Region Jet — 1, , fakes
leptons, no electrons or muons — selected with 107e  other | P
trigger requiring leading 7 p; >100-180 GeV 10°E SM Higgs =
5F Unce_rtainty 3
* TiepThaa - EXactly one electron or muon —one Wee- e Pre-fit background "5
hadronic tau with opposite charge 100 et =
. ] . . ) 3 - aa@unsn, -
Semileptonic channel split by trigger selection 10
2
Employs Parameterized Neural Networks (PNN) 10
to discriminate signal from background : learns the 10
my parametrization of signal kinematics 1
Final fit on PNN output — largest deviation from 5 150——— — + ——
: i © F ]
z?tM ;X?ﬁC%ZgogfaBC;)g%?Ued local (global) excess a2 1;_.\\\\\.\H\\\.\\\\\.\\\\\.\\\\\‘\\\\\\i\\\\\\\\\\\\ \\\\%&\\\\\#%
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PNN (mX =500 GeV) score bin
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https://link.springer.com/article/10.1007/JHEP07(2023)040
https://links.springernature.com/f/a/9sS3MdL8lGQETTLbD3ESXw~~/AABE5gA~/RgRhtoTlP0QwaHR0cDovL3d3dy5zcHJpbmdlci5jb20vLS8yL0FYWlpSZTJMNTh5YXNfWm12cHlyVwNzcGNCCgBHZVHVX6CCmW5SGmF0bGFzLnB1YmxpY2F0aW9uc0BjZXJuLmNoWAQAAAbn

. [For non-resonant search see talk by B. Moser]
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Di-Higgs: X - HH — bbt* 1t~

2 channels spanning 251 < my < 1600 GeV:

Events

* ThadThag: 1 WO Opposite-charge hadronic tau
leptons, no electrons or muons — selected with
trigger requiring leading 7 p; >100-180 GeV

* TiepThad - EXactly one electron or muon —one
hadronic tau with opposite charge

Two b-jets, m,, < 150 GeV
Semileptonic channel split by trigger selection

Employs Parameterized Neural Networks (PNN)
to discriminate signal from background : learns the
my parametrization of signal kinematics

Final fit on PNN output — largest deviation from
SM expectation a combined local (global) excess
atmy =1TeV, of 3.1(2.0)o

Data/Pred.

JHEP 07 (2023) 040

See also boosted analysis: JHEP 11 (2020) 163
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Signal Region Jet — 1,4 fakes (MJ)
Z — 1t + (bb,bc,cc)
I Jet — 1, fakes (1)
I Other
SM Higgs

Uncertainty
----- Pre-fit background

had

IIIIIﬂ|| IIIIIﬂ'l |||||m| |||||m|_r

IIIIIILl| IIII|_|_|,|| IIIII|_|,|| IIIII|_||| IIIII|_||| IIIII|,|,|| IIIII|,|]|_L

.
L L Ly S

Rrdtt e des S ey

|

I
\\\\\\\\\\ L R NSNNNSNNNNT NNNNNASNNSSNNAANNNNNANANNNNNNNNN\

IIII|IIII|IIII|IIII

Illlllllmllllllll

1 2 3
PNN (mx = 1000 GeV) score bin

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS 4


https://link.springer.com/article/10.1007/JHEP07(2023)040
https://links.springernature.com/f/a/9sS3MdL8lGQETTLbD3ESXw~~/AABE5gA~/RgRhtoTlP0QwaHR0cDovL3d3dy5zcHJpbmdlci5jb20vLS8yL0FYWlpSZTJMNTh5YXNfWm12cHlyVwNzcGNCCgBHZVHVX6CCmW5SGmF0bGFzLnB1YmxpY2F0aW9uc0BjZXJuLmNoWAQAAAbn

s [Fornon-resonant search see talk by E. Mazzeo] :

Phys. Rev. D 106 (2022) 052001
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¢ KTH % 8 L ATLAS ¢ Data _
%, e Koney ok e . Vs=13TeV, 139 fb" B HH (SM) i
e o 10—  HH—bbyy Single Higgs  —
- _ my =300GeV M Tyy i
° ) — -og 8_ -yybb i
— yy+other jets —
Di-Higgs: X - HH — bbyy : * m i
L DataDriven jj |
. 6 ---my =300 GeV —|
Previous talk by E. Mazzeo covered the event A .
selection and basic analysis strategy Al l l ]
Resonant search (in 2022 paper) covers 1 )
251 < my < 1000 GeV 2o -
2 BDTs trained and combined to discriminate =5 20 30 0 = 0
signal from non-resonant (continuum) and m,, [GeV]
resonant (single Higgs) backgrounds respectively Tttt
. . . . q') B ]
BDTs trained jointly for all mass points to O L t Data ATLAS E
: 12 Continuum Background Vs =13 TeV, 139 fb”
overcome the challenge with low background at N HH—>bbyy .
higher mass 0 10 Total Background 300 GeV Resonance
C - -
(] - .
m,, fit to exponential decay (continuum) and o 8p E
2-sided Crystal Ball (signal) 6 =
No significant excess observed, proceed to set 4F =
imits! -
limits! ot T <4—t , l l -
| | | | 1 -
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2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS m,, [GeV] 5


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.106.052001

arXiv:2311.15956
@, |Inslightly different context see talk by TJ Khoo]
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Di-Higgs: Combination
A combined likelihood calculated by combining the likelihoods of all three analyses — the
individual signal regions have negligible overlap, and thus are statistically independent

No significant excess! Limits set! Largest combined deviation of 3.3 (2.1)0 at 1.1 TeV

bbyy strongest at low, bbt*7~ at intermediate and bbbb at high my
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https://arxiv.org/abs/2311.15956

ﬁ@% o arX|v.2311.15956
QégbKTHQ%& % ATLAS Obs. combined
§, erensiar g O, 1600l VS = 13 TeV, 126—139 fb™" Exp. combined
S et = H - hh, Type-l 2HDM, tanf=10 "= Exp. bBT* 7"
S 1400 95% CL upper limits e iy > 5% " Exp.bbbb
=== Exp. bbyy
[ [ [ [ J
Di-Higgs: Combination
. 1000
Interpretation:
Type-l Two-Higgs Doublet Model
Extension of SM with three neutral Higgs bosons
In this context assumed: et | | ‘
. . . 2103 02 01 00 01 02 03
* The resonance decaying to Higgs pair cos(B-a)
M m_?O T T T
corresponds to heavy CP-even H decaying to = | ATLAS Obs. combined
two light CP-even h £ ol /513 TeV, 126130 " s
g 80 H - hh, Type-l 2HDM, cos(B - a)=-0.1 """ Exp. bOT™ T
) 95% CL upper limits e Tmy s 5% o EXP-Dbbbb
« All parameters assumed fixed except cos(B-a), 5 _ ——— Exp.bbyy
my, and tan(p)
40}
The non-fixed parameter form planes in which we
can set exclusion limits 30} -
AN
Exludes certain regions still allowed by Higgs 20} J,_g’ e
boson coupling measurements " i
L ,,‘\_,“:./'
MSSM interpretation in backup! o Sme T
05251 400
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https://arxiv.org/abs/2311.15956
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SH: X > SH->VVttt

Scans a window of 500 < my < 1500 GeV,
200 < mg < 500 GeV (assuming my > mg + my,)

Events / bin

Select two opposite-sign 7,4 (pr>25 GeV, AR<2)
Three signal regions:
« WW1¢: Exactly one light lepton

« ZZ2¢: same-flavour opposite-sign leptons with
m;, in Z window

« WW2/: opposite-sign leptons, vetoed if same-
flavour leptons in Z window

Signal-to background (dibosons, ttV, fake 1)
discrimination using parameterized BDT — one per
signal region and mg hypothesis — 12 in total

Data / Pred.

Simultaneous binned fits to all BDT bins, jointly
analysed to test for signal presence

JHEP 10 (2023) 009
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https://link.springer.com/article/10.1007/JHEP10(2023)009

@ [ Seealso).Stegemannis talk for NMSSM context plots ] IHEP 10 (2023) 009
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SH: X > SH->VVttt

10— — .

No significant excess observed in data to SM o 'V L ¥
background expectation — ATLAS o (=13 TeV, 140,fb
T s Exp. limits (95% CL) Obs. limits (95% CL)
n [ m,/25 =[20,30,40,50,60] ==-" WW1£2m,.4  —— WW1/2%,.4
. . A onn 2 400 BT . — WW2¢2,.
Limits set through combining the three channels, >I 10 s =[200900.400,5000 gvzmz/igirzd — ZZZf?ThT
range from 538 to 72 fb for ¢(X — SH) under T sessComb. + 16— Combined
assumption that branching ratios of S equal to % I Comb. + 26
those of SM Higgs \5103 ‘

The single-lepton W SR main contributor
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------

«
~
~
>

Limits also set individually on o o L L

agx - SE—> W;W‘)ng—> r’)’r(‘))bancil( \ 220 240 260 320 340 360 430 460 530 550

oX—> S(»ZZ)H(—- t71t7)) (in backup .
o) mg+m, /25 [GeV.
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https://link.springer.com/article/10.1007/JHEP10(2023)009

by arXiv:2309.04364

Sy,
3 oFamas B
[ J [ J M M =
Zy. X - Zy, |ept0nlc o '9E s=13Tev, 140 10" ¢ Dam =
5 10° eey —— Background =
Targets 220 < my < 3400 GeV |5 . = YNy 420 GeV signal
> E =
Two channels: uuy and eey, selecting a photon - = 3
and opposite-sign leptons, p¥ [/ mz, > 0.2 10? E
Boost means degradation of e ID performance: = E
« Dedicated MVA-based ID criterion developed, 107 E
combined with Loose = Mixed ID. Increases 102 _
overall ID efficiency by 6.2-12.7% and allows =
higher mass range than previous search 1035 =
» Also selection to mis-identified as photons to . 107 f' é
selection 3 E
Functional form in m, to minimize bias from % :
spurious signal, signal modelled with 2-Sided CB B o g
No significant deviation from SM — largest local 0P '1(')3 i 10
combined excess at my = 420 GeV of 2.30 my, [GeV]

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS 10


https://arxiv.org/abs/2309.04364
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Zy: X — Zy; hadronic
Targets 1 < my < 6.8 TeV resonances to Zy and Wy

Select high-p; (> 200 GeV), large-radius jet
(assuming highly boosted di-quark system) +
photon with E; > 200 GeV (increases with m; )

Jet substructure (energy and inter-cluster distance
in large-R jet) and mass cuts enhance signal purity

Three categories:

« 2 b-tagged sub-jet selection (Z only)

* Not 2 b-tags but 2-pronged substructure
* Neither, but jet mass consistent with W/Z

Background (y+jet) described by “best” functional
form in m;,, signal parameterized as 2-sided CB

No significant excess, largest local deviation at my
= 3640 GeV with a 2.50 local significance.

JHEP 07 (2023) 125
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https://link.springer.com/article/10.1007/JHEP07(2023)125
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Z2y: X - Zy limits

Limits from both papers set on

a(pp » X) x B(X - Zy), for Spin-0 and
Spin-2 (gg as well as qq production)
resonances.

Up to ~2 TeV the leptonic final state
limits typically lower, above that
hadronic final state typically lower

Observed limits in range 65.5 fb to 0.6 fb
(leptonic), and 10 to 0.05 fb for hadronic;
NB ranges not the same

Leptons

Hadrons

Upper Limit on o(pp—X) x B(X—Zy) [fb]

95% CL limit on o(pp—s X)x B(X—> Zy) [fo]

1 —2 L
0 1000 2000

—_
o
N
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ATLAS
Vs =13 TeV, 140 fb’
99— X— Zy, spin-0
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T | T T T | ]
----- Expected
— Observed
[ Expected *+ 16
[ ]Expected + 26

1 1 I 1 1 1 1 | 1 1 1 1 I 1 1
500 1000 1500

1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2000 2500 3000 3500
m,y [GeV]

- ATLAS
E Vs=13TeV, 139 fb’
" Spin-0gg » X° - Zy

~
-
N~
So
I -~

T T T | T T T T | T T T T
— Observed

----- Expected
Expected £ 1o
Expected * 20

L L L 1 L | 1 L
3000 4000

1 1 1 L L 1 | L 1 L L
5000 6000 7000
m, [GeV]


https://arxiv.org/abs/2309.04364
https://link.springer.com/article/10.1007/JHEP07(2023)125
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Summary

A set of searches for resonances decaying to pairs of bosons in ATLAS has been presented

The resonance masses in these searches span from 220 < my < 6800 GeV, and final states with photons,
light leptons, 7 leptons and jets (large- and small-radius, b-tagged and not) have been investigated.

So far no significant excesses in data to SM expectation found, and we proceed to set limits on potential
new physics beyond the Standard Model

These resonances remain a promising potential for future analyses of LHC Run 2 and Run 3 data
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Resolved final state

Boosted topologies

How to make consistent analysis strategies
spanning very large mass ranges (with sometimes

very different kinematics)?

Y

-> |n the scope of this talk we span resonances
from 220 GeV to 6.8 TeV

How to handle very heavy resonances leading to
very boosted final states? Boosted final state

N7

High p; bosons

-> "Standard” object reconstruction fail to resolve
physical objects — sometimes only in part of the
search space

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS
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Parameterized MVA

PNN -> Output parameterized, allows
smooth interpolation of the output ,

discriminant and limits

NN
0=0,
X1
Sa(X1,x2)
X2
0=06s
X1
fo(x1,x2)
X2

2023-11-29

T T

—— Trained

- - = |Interpolated|.

1.0+
PNN o8]
2
5 0.6
0 =
=2
X1 0.4+
f(x1,x2,0)
X2
0.2+
0.0 '
-4 -3

Searches for resonances decaying to pairs of Bosons in ATLAS
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Di-Higgs: X -~ HH — bbbb

4b control region

m(Ggg) [GeV] Corrected m(HH) range [GeV] Data  Background model  Spin-2 signal model
260 [250, 393] 26775 26650 =+ 130 368 + 25
500 [464, 636] 4655 4719 =+ 37 138.6 + 5.7
800 [707, 950] 795 811 + 13 521 £ 19
1200 [993, 1279] 146 120.6 + 2.8 1445 + 0.67
2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS

Phys.Rev.D 105 (2022) 092002
See also VBF-targeting paper: JHEP 07 (2020) 108
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002
https://link.springer.com/article/10.1007/JHEP07(2020)108
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Phys. Rev. D 105 (2022) 092002

See also VBF-targeting paper: JHEP 07 (2020) 108

Di-Higgs: X -~ HH — bbbb

Events / 100 GeV

10 ATLAS 4 pata -
105 Vs=13TeV, 139 fb’ [ Multijet
Background-only fit
104 Boosted Channel, 2b Uncertainty
10° m(X) =3 TeV
m(X) = 4 TeV

m(X) =5 TeV

Data-Background
Background
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092002
https://link.springer.com/article/10.1007/JHEP07(2020)108

e Phys. Rev. D 105 (2022) 092002
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FKTHY See also VBF-targeting paper: JHEP 07 (2020) 108
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Di-Higgs: X - HH — bbbb

T T T T T T T T T

105 ATLAS —— Observed limit (95% CL)

E Vs = 13 TeV. 126 —139 fo- 1055‘ éILAS P Observed limit (95% CL)
ao o e e ~=- Expected limit (95% CL) | - Vs = 13TeV, 126-139 107 ___ £,/ 0cted limit (95% CL)
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- T
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1 I . ] I .. i
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1 ] o) 3
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Expected limit +20 Expected limit +20
i — == Resolved expected limit - == Resolved expected limit
103¢ === Boosted expected limit ——- Boosted expected limit

—— RS Graviton, k/Mp; = 1

107} 101

100k 3 100k

250 500 1000 2000 3000 5000 250 500 1000 2000 3000 5000
m(X) [GeV]

m(G) [GeV]
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See also boosted analysis: JHEP 11 (2020) 163

Di-Higgs: X - HH — bbt* 1t~
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[2) 1 05 = Thadhad s X (mx = 1000 GeV) - i) 10 Yep Thad SLT = X (m_ =1000 GeV)
S = Signal Region o(X > HH) =1pb = 5 10° Signal Region o(X 5 HH) =1 pb
> C ] >
T Top-quark ] Top-quark
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Di-Higgs: Combination
Interpretation:

Type-l Two-Higgs Doublet Model

Extension of SM with three neutral Higgs bosons
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provided by Higgs boson coupling measurements

— 1 800 T T
ATLAS

Obs. combined |

>
m .
o 16001 Vs =13TeV, 126—139 fb~! Exp. combined 1
T H - hh, Type-l 2HDM, tanp=1 ==~ Exp. bbT* 7~ |
95% CL upper limits Fu/my > 5%  — = Exp.bbbb
1400y === Exp. bbyy
1200f
1000}
800}
600}
400F 77777 TT AN
2515.08 -0.06 -0. 0.02 0.04 006 008
cos(B - o)
@ ' —
c ATLAS Obs. combined
€ 1 vs=13TeV, 126—139fo" Exp. combined

(o2

' H - hh, Type-l 2HDM, cos(B - a)=+0.1
95% CL upper limits MH/my > 5%

------ Exp. bbT+ 1~ ]
— . — Exp. bbbb
— == Exp. bbyy

551 400 600 800

1000 1200

my [GeV]



Q I I I I I I Obs. comlI)ined
C
by S of ATLAS

Exp. combined A

B, Vs =13TeV, 126—139fb~* . Exp. bbTT
& E’EEEIP%& gf H—hh, M} % — .= Exp. bbbb
8 :;; Kz;: se 95% CL upper limits Amp/mp>1% = —— Exp. bbyy
s et .
° ° . ° ° 6f
Di-Higgs: Combination |
Interpretation: 4
Minimal Supersymmetric Standard Model af
Has Higgs sector of Type-ll 2HDM — includes 2
same parameters as previous interpretation 1000 oo oo 00 TG00 o0 s
: : GeV
Supersymmetry constrains free Higgs sector @« [ . O::‘(‘;anéfed]
parameters to only m,, and tan(f) — plane in which § of ATLAS i Exp. combined |
.. Vs =13TeV, 126—139f~* . Exp. bbTT
limits are set 8f H - hh, Mp%(0) — = Exp. bbb
2 scenarios' 95% CL upper limits Amp/my>1%  ——— Exp. bbyy
. 7
(i) Mass scales very high 6f

(i) Neutralinos and charginos are accessible

Excludes region around tan(f) ~2 and ~5 not
probed by otherwise sensitive probes to this
parameter space 2

200 300 400 500 600 700 800
ma [GeV]



oy JHEP 10 (2023) 009
§73’I(TH“:K?

VETENSKAP
28 OCH KONST 2%

e

SH: - VvVttt

> F T T T T | T T T T | T T T T I T T T T | T T T T | T T T T =
m [ - . C _IIIIIII|l|IIIIIIIIIIIII|IIT|IIIIIIIIIII_
q-. L L AL AL L L L L ) L B O LN AN o C ATLAS . Data .ttH 7] -_6 B i
o 3003 ATLAS ¢Data  [tiH 1 o qgtk s=13Tev, 140" MtV [Dboson |  ~ qg¢L ATEAS L, $Data X(1250)5S(E000H
@ [ (s=13Tev, 140" [tiv Mpiboson ] N E X SHo 7zt 5, [Others [MFaket,,d £  f /s=13TeV. 140" Min @i E
& 250 X—SH—>WWr, 1 [Others  [IFake 1, | 2 L 24274 SR 77 Uncertainty- - Pre-Fit ] o - X—SH > ZZv 1,4 [[piboson DOthefs 7
ke [ 14214 SR 7 Uncertainty- - Pre-Fit | & {0°L Post-Fit -+ X(500)—S(300)H 4 O el 20+2Th.4 SR W Fake 5., 77 Uncertainty |
[ Post-Fit =+ X(500)->S(300)H 1 4 F -~ X(1250)-S(300)H ] = Post-Fit - Pre-Fit E
200— . ) - X(1250)—S(300)H ] C ] C ]
I ; ] o C T
S . - 107 E
150_* , S 0 e 3
r ] 10 0 1
100:_ T _: E
- - 1 i
50 ] 1
] 5 107"
-d E ;:_j 1.25 'o 1 0—1
O 1.25- /}/
< 1//*//% s W/%}/// PR e i I -
(\6 0.75E g 007: . . . . . (\“ s A AN At A A A A L
‘D" 0 55 , ) ) . 20 30 40 50 60 70 80 ©
' . . i (a] 0
05 1 15 2 25 3 35 4 Leading 7,,,4 P, [GeV] 21 Z08-06-04-02 0 02 04 06 08 1

in. AR(Z, jet
min (7. je) BDT score

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS 26


https://link.springer.com/article/10.1007/JHEP10(2023)009

S, JHEP 10 (2023) 009
‘i}KTH(%&

VETENSKAP
28 OCH KONST 2%

SH: - VvVttt

31105 T T T ¥ T T T * ! ! ¥ ' ' |—|105 T T T ¥ T T T T T T ¥ T T
";10 ATLAS Vs=13 TeV, 140 fb” 2 | ATLAS s=13 TeV, 140 fb™
S m,/25 = [20, 30, 40,50, 60] ~ CE):S;:ZSSJF(?% CL) E'I 0 m, /25 = [20, 30, 40, 50, 60] Obs. limits (95% CL)
----- + lo
N 10% ms = [200, 300, 400, 500] Exgected+20 = 17l m, = [200, 300, 400, 500] Expecieji:f
+ xpected + 2¢
£ """"" NMSSM Scan gT 0 L NMSSM Scan
D . T | ;
>/l<\ S C? 105 — 3 ’.’N....
© 1 X 1[ i
10_1; ., ] o _1; 2 ] -
! n, 10 - ,"l,ll
10_25— , ' g 102 <
T S T R B L o
10550 240 260 320 340 360 430 450 530 550 10558 540 %80 320 340 560 430 450 530 550
mg+m, /25 [GeV] mg+m, /25 [GeV.



https://link.springer.com/article/10.1007/JHEP10(2023)009

- JHEP 10 (2023) 009
ZKTHY

VETENSKAP
28 OCH KONST 2%

T ATLAS (=13 TeV, 140" _ - 5
;' — 3
O B oL
_|_ —_ o} 500 12.8 6.5 6.2 8.0 30 5 =
SH: - VVt T i (16.3) (8.6) (6.9 (7.6) e § E
400 10.0 6.0 6.0 8.9 S N
(136) (84) (65 = (82) 20 4 T
o 15 E C%
ATLAS Ys=13 TeV., 140 fb"’ S 333 | 107 63 84 103 =
; 500 i 42.4) | (18.3) (83) (7.6) (9.8) S ..
— L ~
8 50 387 138 77 86 O Qo 269 144 116 117 145 — 0
— (312) (147) (105) (109) S (28.5)  (157) (127) (18.0) (17.9) @
% 4000 T ©
= il m, [GeV]
40 202 101 72 85 S A
(245)% (139) (103) (116) 300 » _ ATLAS c
£ X > =
- ©) O
30 115 89 83 85 200 — T i 3 §
(192) (108) (85) (107) §<l % S s
- 20 @ T
100U © g
20 182 110 112 131 ‘m’ 15 E %
(168) (110) (100) (132) 0 a 10 ;;;L‘
500 1000 1500 @) s L%
m, [GeV] §

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS 28


https://link.springer.com/article/10.1007/JHEP10(2023)009

by arXiv:2309.04364

Q%%%g

FXTHY
N
%) I S 1 1 1 I 1 T | I I
ATLA
[ J (D 1 04
° ° -1 ¢ Data
Zy: X = Zvy; leptonic o L fe=taTeviiom! ot g
5 10° —— Background
T O Ty 420 GeV signal
2 10

IIIIIlIJ] IIIIIllIl lIIIIIll| IIIIIlIJ] IIIIIlll] IIIIIII.IJ |11

Events / 3 GeV

4 F 99— X~ Zy, spin-0 ’
10 \

\)
||"'IHT|_|_1_|:|'|‘TH] IIIIIIﬂ] |||||m] |IIIIH|| IIIIIIﬂ] |||||rn] AL

. —

q) T T 1 T 1 T T | T 1 —
o —
cC -
1y _
= | -
= Of ]
D C ]
w 2 -
: 1 1 1 1 1 1 1 | 1 1 :

3x10? 10° 2x10° 3x10°

my, [GeV]

2023-11-29 Searches for resonances decaying to pairs of Bosons in ATLAS 29


https://arxiv.org/abs/2309.04364

ahy

S,
ZKTH

VETENSKAP
28 OCH KONST 2%

Zy: X — Zy; hadronic

JHEP 07 (2023) 125
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Zy: X — Zvy; hadronic

Channel BTAG D2 VMASS
Spin-0 gg — XY — Zy 436 5659 | 20728
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Spin-1 gg’ — X* — W*y - 6373 | 25146
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Spin-2 limits from X —» Zy
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