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Irple-gauge-boson processes

i i Status: June 2024
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Irple-gauge-boson processes
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Run 1: first look at triboson
orocesses (WWy, Zyy)

Run 2: several triboson-final-
state discoveries (e.g., WWW,
W2y, Wyy)

Run 3 & HL-LHC: differential
triboson, enhance new physics
searches
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loday: first measurement of ZZy

arxiv: 2602.17165

signal

e analysis of full Run 2 data (140 fb-1)

e fully leptonic decay: Z = ee, py, signal: lllly

- fio —4
» rare final state, o, ~ 107" pb
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https://arxiv.org/abs/2602.17165

Event selection

e 2 pairs of 2 opposite-sign same-flavour
(OSSF) leptons — 4e, 4y, 2e2u

e nvariant mass myp > 40 GeV
e Min(| Mee1 -mMz |+ | Mee2-mz|) ”
e 1 photon, prt> 20 GeV ] — 4

e SR rejection
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Final state radiation (FSR) rejection

signal
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Signal and background composition

Pile up

Fake Ieptons“

N’[O’[ ~ kag ~ 1

Background

Fake photons
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Non-prompt photons




Non-prompt photons

photons produced In |

Ansatz: The ratio of non-prompt/take

ets Is Independent

of the simultaneous p
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Non-prompt photons I;s":;;f::::;pz;iz:z

] Pile up
I /

Ansatz: The ratio of non-prompt/take

photons produced in jets is independent data & MC

of the simultaneous produced particles 7v analvsis
JHEPO03(2020)054

\
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https://link.springer.com/content/pdf/10.1007/JHEP03(2020)054.pdf

<— Non-prompt photons

Misidentified leptons

¥
= / Pile up

Non-prompt photon estimation
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Events/10 GeV

<— Non-prompt photons
Misidentified leptons

Non-prompt photon estimation
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Events/10 GeV

Non-prompt photon estimation
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<— Non-prompt photons
Misidentified leptons

¥

=

Source Relative uncertainty
Purity (MC) Purity (data)
Statistics (tot.) 2.6% 2.6%
Integrated luminosity 0.8% 0.8%
MC systematics 2.3% -
Purity measurement (tot.) 18% 14%
Modelling uncertainty 7% 7%
Quark-gluon variations 10% 10%
Total uncertainty 22% 18%

N2Ke = 0.713 £ 0.019 (stat.) * 0.098 (syst)
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Misidentified leptons
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/ Misidentified leptons
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<— Non-prompt photons

Matrix method

Misidentified leptons

B Pile up
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: fake ¢
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<— Non-prompt photons
Misidentified leptons

] / Pile up

Plle up




<— Non-prompt photons
Misidentified leptons

] / Pile up

Plle up

* two independent interactions in the same bunch crossing
* pile up contribution: ZZ + vy
S photon cannot be associated to any vertex

* Ansatz: Nzz+y ~ Pzz Py

MC cross-sections Selection efficiency at
‘\ f» particle level

0770y .,
NPU — </’t>—€§Z+},g - C q
Oinel

Correction tactor
reconstruction/particle level
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N <— Non-prompt photons
PI |e l I p v Misidentified leptons

] Pile up
I /

* two independent interactions in the same bunch crossing

NV =0.09 £ 0.02

* pile up contribution: ZZ + vy

S photon cannot be associated to any vertex

e Ansatz: Nzz+y ~ Pzz Py Source Relative uncertainty
MC statistics 1.8%
MC cross-sections Selection efficiency at 0y scale variations 28%
‘\ f» particle level oy PDF &a; 2.4%
O——0 o7z (ATLAS measurement ) 6%
N _ < > LL7y E,fid g . C Integrated luminosity 0.8%
pu— \H > Z7+y 4{y correction factor 2.5%
inel
Total uncertainty 29%

Correction tactor
reconstruction/particle level
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Results
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Results

b _ | | -
S o9l ATLAS ¢ Data -
Number of events W C {s=13TeV, 140fb" [l _
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Signal 7.04 +£0.09 (stat.) = 0.18 (syst.) 14l ~ Uncertainty :
Fake photons 0.71 £0.02 (stat.) £ 0.13 (syst.) - ’
Fake leptons 0.12 + 0.02 (stat.) + 0.08 (syst.) fer -
Pileup 0.09 + 0.002 (stat.) + 0.02 (syst.) 1oL 5 -
Total background 0.92 £ 0.03 (stat.) = 0.15 (syst.) - -
8_
Niot prediction 7.96 +£ 0.09 (stat.) +£0.23 (syst.) :
Ntot data 8 6:_
4
ol

4e 2e2u 4u 4]
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Results

2 l | | -
Source Relative uncertainty [%] § 20 - ATLAS ¢ Data _
Fake photon background 1.9 - - (s =13TeV, 140 fo" [l -
Fake lepton background 1.2 18— Z(—= I)Z(—= 1) v L]ZH— Z2Zy -
Pileup background 0.4 - Signal region B Fake photons 3
Photon 1dentification and 1solation efliciency 1.7 16~ Pre-fit L F.ake leptons |
Pileup reweighting 1.6 - Pileup :
Muon identification, i1solation, reconstruction, momentum resolution and scale 0.9 14— 7~ Uncertainty _
Electron identification, isolation, reconstruction efficiency 0.6 B : _
Electron—photon resolution and energy scale 0.5 12 3
Signal PDF and a, QCD scales 1.4 10 :_ -
Signal MC statistics 1.4 - -
Integrated luminosity 0.9 al s
Total systematic uncertainty 4.1 _
Data statistics 40 6
Total uncertainty 41 4
ol

077, = 0.144100% (stat.) " U (syst.) fbo '

—0.051 —0.005

4e 2e2u 4u 4]
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Events / 100 GeV

Results

077, = 0. 144J_r8 82‘1‘ ~lin agreement with SM (677, = 0.143f8:881fb_1)
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Summary

arXiv: 2602.17/165

2 _ | | | .
S ool ATLAS ¢ Data 7
L C Vs=13TeV, 140" [l |
18- Z(— IZ(— 1)y D ZH— ZZy —
e first measurement of the ZZy production o Pt Breckpons
- Pileup ]
e test of SM and sensitive to new physics 1 7 Uncertainty E
121 —
o fully leptonic final state o E
e 8 observed events 8- '
: 6
e strong evidence :
4
s

4e 2e2u 4u 4
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https://arxiv.org/abs/2602.17165

