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The Timeline

Simplified di-boson model ~ Multi-lepton anomalies ~ First narrow excess at 151,521
predicting multi-lepton excesses Vverified in Run 2 GeV with jets/leptons/MET

HEP 10 (2019) 157  reaching 3.90
Eur.Phys.J.C 76 (2016) 10, 580 J 0 (2019) Phys.Rev.D 108 (2023) 11, 115031
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Run 1 excesses Multi-lepton anomalies in Run 1 Narrow €Xcess at
Motivating asymm.  Prediction of mg=150+5 GeV 152+1 GeV with 5.30
Diboson final states  in association with leptons/jets/MET with leptons/jets/MET

J.Phys.G 45 (2018) 11, 115003 2503.16245

Currently, continue to accumulate excesses at 152+1 GeV and
exploring Triplet Y=0 leading to triboson excesses



Current status of the combination, based on the Fischer
method with 5 n.d.o.f yields largest global significance of a
narrow structure beyond the SM at the LHC
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Is the S(152) a part
of a Triplet?

Motivated by the lack of ZZ signal, where excess is seen in
vy, Zy and WW
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At low values of mixing, decay
to ZZ is suppressed
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Branching ratio of the
charged scalar at ~150 GeV
Is dominated by ZW
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For a scalars of mass ~150
GeV, produce sufficient VVV,
(V=W,Z) to generated
excesses at the LHC



Predicts the
emergence of VVV
signatures with and
without b-jets.




Seven out of eight measurements are elevated.
The most accurate measurements are anomalous

Center of Mass Energy | Process Observed Cross section (fb)  Expected Cross section (fb)

WWZ | 4424 94(stat.) T (syst.) [9] 329.0 [9)]

2807130 (stat.) 50 (syst.) [10] 373.0 [10]
Vs =13 TeV WZZ 200" 31! (stat.) T3 (syst.) [9] 93.1 [9]
2007 1% (stat.) 20 (syst.) [11] 91.6 [11]

WWW | 820 & 100(stat.) = 80(syst.) [12] 511.0 + 18 [12]
tWZ | 248 4 38(stat.) & 35(syst.) [13] 136.079 [13]
Vs =13.6 TeV WWZ 7001259 (stat) T g0 (syst) [10] 402[10]
tWZ | 242 £ 62(stat.) & 46(syst.) [13] 147.8757 [13]
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First attempt to interpret the excesses in
VVV production. Here we focus in the
ttZ+tWZ production.

Triplet interpretation does not seem to contradict
EW data and existing constraints by charged
scalar searches. Complete interpretation of all
VVV excesses is next the next step.

https://arxiv.org/abs/2509.07094
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https://arxiv.org/abs/2509.07094

Event Selection compilation for VVZ measurements

Selection Type

ATLAS

CMS

Object Selection Criteria

Electron pr > 7 GeV, |n| <247 pr > 10 GeV, |n| < 2.5
Muon pr > 5 GeV (> 15 GeV for calo-tag), |n| < 2.7 | pr > 10 GeV, |n| < 2.4
Jet pr > 20 GeV, |n| < 4.5 pr > 25 GeV, |n| < 2.4, anti-kp (R = 0.4)
b-jets =0 =0
Event Preselection Criteria
Trigger Single-, di-, tri-, quad-lepton triggers Same

Lepton Multiplicity

Z boson mass window (if applicable)

> 3 charged leptons
|ma — mzl < 40 GeV

> 2 leptons (channel-dependent)
Prompt lepton selection, tight ID /isolation

Inclusive 3¢ Event Selection

Preselection

Lepton pr

SFOS dilepton mass
Jet and b-jet
Kinematic variables

v

> 15 GeV, at least one > 27 GeV
> 12 GeV; |my —mz| < 20 GeV
No b-jets; SRs based on 1 or 2 jets

v

> 3 leptons: one > 25 GeV, others > 20 GeV (or all > 25 GeV if 0 SFOS)
> 20 GeV; |mg — mz| > 20 GeV for SFOS

No jets (1 allowed if 0 SFOS); no b-jets

m3d > 90 GeV, [p3| > 50 GeV, Ap > 2.5, |mz, — mz| > 10 GeV

3¢ Signal Regions

Region definitions

30-1j: 1 jet
30-2j-inV : > 2 jets, 60 < m;; < 110 GeV
3(-2j-outV : > 2 jets, m;; <60 or > 110 GeV

3(-0SFOS
3(-1SFOS
3(-2SFOS

Inclusive 4/ Event Selection

Preselection

Lepton pr

SFOS dilepton mass
ARy

E%liss

b-jets

v

Exactly four: 30, 15, 8, 6 GeV
> 12 GeV, |m” — mzl < 20 GeV
> 0.1

> 10 GeV

=0

v
Exactly four: Z pair > 25, 10 GeV; others > 25, 10 GeV
Z1: |my — mz| < 10 GeV, Z2: |my — myz| > 10 GeV

=0

4¢ Signal Regions

Common categories

4(-DF: different-flavour W leptons (epu)

4¢-SF-inZ: same-flavour W leptons, |my, — mz| < 20 GeV
4(-SF-outZ: same-flavour W leptons, |my — mz| > 20 GeV

Inclusive 5¢ Event Selection

Preselection
Leptons

7 boson candidates
Other cuts

b-jets

v
> 5 leptons
> 2 SFOS pairs with |mg, —mz| < 20 GeV

=0

v

> 5 leptons; leading two > 25 GeV, others > 10 GeV
> 2 SFOS pairs with |mg — mz| < 15 GeV

mq > 50 GeV

=0

1<



ATLAS VVZ (31)

Cut AA* [fb] ATA=* [fb]
Production Cross section 379.5 188.6
> 3 leptons 3.84 2.30 ATLAS VVZ (5|)
Exactly 3 leptons and 1 jet 3.07 1.69
Lepton p cuts (27,15,15) 2.34 1.29 Cut AVAT b | ATAT b |
> 1 OSSF pair 2.07 1.25 Production Cross section 379.5 188.6
All OSSF my; > 12GeV 1.98 1.20 > 5 leptons 0.03 0.02
Z mass window |mgy — Mz| < 20 GeV 0.94 0.62 > 2 OSSF pair 0.03 0.02
1.37 < |I)(| 2 1.92 0.94 0.62 I)—th veto 0.01 0.01
> 1 jet with pr > 20 GeV, b-jet veto 0.79 0.45
3(-1j 0.18 0.10
30-2j (in V) 0.23 0.15
3(-2j (out V) 0.38 0.20
ATLAS VVZ (41)
Cut AYA* [ﬂ)] ATA* [ﬂ)]

Production Cross section

= 4 leptons

Lepton pr cuts (30,15.8,6)

> 1 OSSF pair
All OSSF myg > 12GeV

Z mass window |mg — Mz| < 20 GeV

PP > 10 GeV, b-jet veto

4¢-DF
4¢-SF (in V)
4¢-SF (out V)

379.5 188.6
0.41 0.24
0.40 0.23
0.39 0.23
0.37 0.22
0.22 0.14
0.19 0.11
0.09 0.04
0.02 0.02
0.08 0.05
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Event Selection for WWW measurement

Selection Type

ATLAS

Object Selection Criteria

Electron
Muon
Jet
b-jets

pr > 20 GeV, |n| < 2.47 (excluding 1.37 < |n| < 1.52)

pr > 20 GeV, |T]| < 2.5

pr > 20 GeV (central: |n| < 2.5), pr > 30 GeV (forward: 2.5 < |n| < 4.5),
Vetoed

Inclusive 2¢ Event Selection

Lepton Multiplicity
Leading Lepton pp
Dilepton Mass

Jets

b-jets

Extra Leptons
EXiss (only e*e)

Exactly two same-sign leptons: e*e*, e*u™, or pu*pu*

> 27 GeV

40 < myr < 400 GeV

> 2 central jets; m;; < 160 GeV, |An;;| < 1.5

Vetoed

Events with additional e (pr > 7 GeV) or pu (pr > 4.5 GeV) are rejected
S(Emss) > 3 if 80 < my < 100 GeV is avoided

Inclusive 3/ Event Selection

Lepton Multiplicity
Leading Lepton pr
SFOS Pair Veto
Jets

b-jets

Extra Leptons

Exactly three leptons: efe*u® or u*ptet

At least one lepton with pr > 27 GeV

No same-flavor opposite-sign (SFOS) lepton pairs allowed

No requirement, but events with additional leptons are vetoed
Vetoed

Events with extra e (pr > 7 GeV) or u (pr > 4.5 GeV) rejected

14



ATLAS WWW (SS2I)

Cut A’A* [fb|] ATA* [fb]
Production Cross section 379.5 188.6

= 2 leptons 16.64 6.23
Leptons with Same charge 4.64 1.03

> 1 jet , b-jet veto 2.64 0.58
pr(fy) > 27 and 40 GeV < my < 400 GeV e 0.45
m;; < 160 GeV 1.31 0.27

ee — mode 0.12 0.02

eyt — mode 0.65 0.12

it — mode 0.43 0.09

ATLAS WWW (3I)

Cut AA= [fb| AFA= [fb]
Production Cross section 379.5 188.6
= 3 leptons 2.20 1.20
pr(ty) > 27 2.20 1.20
b-jet veto and no-OSSF leptons 0.27 0.03
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Impact on e*e-
Colliders
W/Aji//
F A;\\

e
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https://arxiv.org/abs/2509.14378
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Define three representative
signal regions.

More comprehensive study
to come in the future.

Signal Region /¢ and j selection criteria

SR1: 3] += 1€ Tjet > 37 TNp=e,u > 17 pT(]) > 20 GeV,
pr(€) > 10 GeV, 0;, < 9.38°

SR2: 30+ Thada  Mp=ep >3, Ny > 1, pr(€) > 10 GeV,
P1(Thaa) > 20 GeV, Oy, < 9.38°

SR3: 4j 4+ Thaa Mjet > 4, Nry,y > 1, () > 10 GeV,

Pr(Thad) > 10 GeV, 0, < 9.38°

17
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Implemented a
DNN based on
features below

Variables Definition

E(4) Energy of the leading lepton ()

Hrp Scalar sum of the hadronic pr

Eg Effective energy (= E(jets) + E(leptons) + p2iss)

pr(¢1)/Lt  Ratio of the leading lepton pr over the scalar sum of all leptonic pr

A¢(j1,41)  Angular separation between the leading jet (j1) and the leading lepton (¢;)
E(5,) Energy of the sub-leading jet (j»)

pr(j1) pr of the leading jet (51)

pr(j1)/Hr  Ratio of the leading jet pr and the scalar sum of hadronic pr

E(j5) Energy of the third leading jet (js)

E(j1) Energy of the leading jet (j1)

Mg Effective mass (= Hr + piis)

A¢(ji23,¢1) Angular separation between the 3-jet system (jio3) and the leading lepton (¢;)
A¢(j2,¢1)  Angular separation between the sub-leading jet (j») and the leading lepton (¢;)
My, ja Invariant mass of the 2°4 and 2™ leading jets (ja, j3)

m(j1,J2,j3) Invariant mass of the leading 3-jet system (ji23)
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Figure 5. Left: DNN response for signal and background for SR1. Right: ROC-curve for
both training and testing samples for SR1.

Process > 37+ 14/ DNN Response > 0.7

Signal 32.82 fb 28.45 tb
Vvv 8.76 b 3.67 b

Table 3. Fiducial cross sections of both the signal and background after the preselction
and DNN score for SR1, where V = W=, Z and h.
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Implemented a
DNN based on
features below

Variables Definition

m(£1,42,¢3) Invariant mass of leading 3-lepton system (¢123)
pr(7;)/v/Hr Ratio of tau-tagged jet pr and the square-root of Hr
Mg Effective mass

E(4) Energy of leading lepton

Lt Scalar sum of all leptonic pr

E(45) Energy of sub-leading lepton

Eeg Effective energy (= E(jets) + E(leptons) + piss)
E(¢43) Energy of /3

E(t;) Energy of 7;

m(¥1, ls) Invariant mass of leading 2-lepton system (¢12)

Signhal Region 2
= 3|+1Thad

0.0150 L A 1.0~ e M
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0.0000 =1 ] 3 S N EP I R R
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DNN Response Background Efficiency

Figure 7. Left: DNN response to signal and background for both training and testing
samples, for SR2. Right: ROC-curve for both training and testing samples for SR2.

Process > 3¢+ m.qa DNN Response > 0.7

0.019 tb
0.013 fb

0.016 fb
0.001 fb

Signal
VV v
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Signal Region 3
= 4+ 1Thaq
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Significance o]
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Outlook and Conclusions

dPresence of large narrow excess at 152 GeV in
the yy, Zy, WW channels but absence in ZZ
channel prompts to consider models that alter
custodial symmetry without violating constraints

dConsider embedding the 152 GeV neutral scalar
into a Triplet with Y=0, A

dLeads to predlctlon of degenerate charged
scalars, AT producing VVV excesses at LHC

dExcess of VVV production identified

dDirect impact on e*e- collisions, with strong
discovery potential for C.M.E. 350 GeV and mass
measurement of O(1) GeV for 500 fb-"
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