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We investigate the radiative decay S ! W
+
W

�
� in the context of the multi-lepton anomalies and

recent indications of a narrow scalar resonance near mS = 152± 1 GeV in the ��, Z�, and W
+
W

�

channels at the Large Hadron Collider. These excesses arise in final states containing leptons,
missing transverse momentum, and associated b-jets, and motivate a search for a corresponding
localized excess in the invariant-mass spectrum of the dilepton–photon system, m``� , in events with
associated b-jets. We use recent CMS measurements of the tt̄� di↵erential cross sections [1] to study
the m``� spectrum and perform a search for a scalar-resonance contribution. A localized excess
is observed, compatible with the scalar-resonance hypothesis, with a global significance of 2.7� at
mS = 152 GeV. This result provides additional support for the hypothesis of a narrow resonance.
The ratio �(S ! W

+
W

�
�)/�(S ! W

+
W

�) = (2.14±0.77)% is extracted. This value is compatible
with an enhanced radiative contribution that could arise in scenarios beyond the Standard Model.

I. INTRODUCTION

The Standard Model (SM) of particle physics provides
a highly successful theoretical framework for describing
the fundamental constituents of matter and their interac-
tions at microscopic scales [2]. Its predictions have been
tested extensively over a wide range of energies [3]. A
major milestone was reached in 2012 with the discov-
ery of the Brout–Englert–Higgs boson, h, at the Large
Hadron Collider (LHC) at CERN [4, 5]. In addition, the
measurements show consistency with the quantum num-
bers and branching ratios of the 125 GeV Higgs boson
with Standard Model expectations [6, 7].

Despite its remarkable success, the SM is clearly not
the final theory of fundamental interactions. In partic-
ular, it does not account for dark matter inferred from
astrophysical and cosmological observations [8], nor for
the non-zero neutrino masses implied by neutrino os-
cillation data [9]. It also fails to explain the observed
matter–anti-matter asymmetry of the Universe [8, 10].
In addition, several conceptual issues remain unresolved,
including the flavour puzzle, the hierarchy problem, and
the stability of the scalar potential. Since many of these
open questions are closely connected to the scalar sector,
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extensions of the Higgs boson sector are especially well
motivated. Such extensions can also provide viable links
to dark matter, for example, through Higgs-portal sce-
narios [11]. This makes the Higgs sector a particularly
promising place in which to search for physics beyond the
Standard Model (BSM).
A wide range of searches for new particles in gen-

eral, and in particular for additional scalar states, has
been carried out at the LHC. Although these dedicated
searches have not produced conclusive evidence for new
resonances in the energy range explored so far, the so-
called multi-lepton anomalies have emerged. These con-
sist of tensions in final states containing multiple lep-
tons (electrons and/or muons), together with missing
transverse energy and with or without b-jets [12–15]; see
Refs. [16, 17] for reviews and further references. The cor-
responding discrepancies are statistically very significant,
exceeding the 5� level, and point to the associated pro-
duction of new electroweak-scale scalars [13, 18]. In par-
ticular, within a simplified-model framework, the multi-
lepton anomalies are compatible with the assumptions
of the production1 via gluon fusion of a scalar H with
a mass of approximately mH = 270 GeV, which decays
predominantly into a pair of lighter scalars S, one of them
o↵ shell, that in turn decay mainly into W bosons. For

1 The dominant process is pp ! H ! SS
0 via gluon-fusion. From

this point onward, we use a shorthand notation in which only the
decay of S is explicitly stated, with the production mechanism
implicitly understood to be gluon fusion followed by the decay of
the heavy scalar H. For example, �(S ! W

+
W

�) denotes the
cross section for the process gg ! H ! SS

0, with S ! W
+
W

�

and, for instance, S0 ! bb̄.
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Universitat Autònoma de Barcelona, 08193 Bellaterra, Barcelona

4
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The Standard Model (SM) of particle physics provides
a highly successful theoretical framework for describing
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Hadron Collider (LHC) at CERN [4, 5]. In addition, the
measurements show consistency with the quantum num-
bers and branching ratios of the 125 GeV Higgs boson
with Standard Model expectations [6, 7].

Despite its remarkable success, the SM is clearly not
the final theory of fundamental interactions. In partic-
ular, it does not account for dark matter inferred from
astrophysical and cosmological observations [8], nor for
the non-zero neutrino masses implied by neutrino os-
cillation data [9]. It also fails to explain the observed
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extensions of the Higgs boson sector are especially well
motivated. Such extensions can also provide viable links
to dark matter, for example, through Higgs-portal sce-
narios [11]. This makes the Higgs sector a particularly
promising place in which to search for physics beyond the
Standard Model (BSM).
A wide range of searches for new particles in gen-

eral, and in particular for additional scalar states, has
been carried out at the LHC. Although these dedicated
searches have not produced conclusive evidence for new
resonances in the energy range explored so far, the so-
called multi-lepton anomalies have emerged. These con-
sist of tensions in final states containing multiple lep-
tons (electrons and/or muons), together with missing
transverse energy and with or without b-jets [12–15]; see
Refs. [16, 17] for reviews and further references. The cor-
responding discrepancies are statistically very significant,
exceeding the 5� level, and point to the associated pro-
duction of new electroweak-scale scalars [13, 18]. In par-
ticular, within a simplified-model framework, the multi-
lepton anomalies are compatible with the assumptions
of the production1 via gluon fusion of a scalar H with
a mass of approximately mH = 270 GeV, which decays
predominantly into a pair of lighter scalars S, one of them
o↵ shell, that in turn decay mainly into W bosons. For

1 The dominant process is pp ! H ! SS
0 via gluon-fusion. From

this point onward, we use a shorthand notation in which only the
decay of S is explicitly stated, with the production mechanism
implicitly understood to be gluon fusion followed by the decay of
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LHC Multi-Lepton Anomalies (𝒆𝝁(+𝒃))
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Ø The “multi-lepton anomalies”, are LHC processes with two or more leptons in the final state, with 
and without b-jets, where statistically significant disagreements with the SM predictions have 
been observed.

 
Ø Some of the excesses already emerged with Run-1 data (2011-2012) of ATLAS and CMS. 

Ø They were confirmed by independent and larger data sets taken during Run-2 leading to 
disagreements with the SM, exceeding the 5σ threshold: 
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The Timeline

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

3

The Timeline

2015
Run 1 excesses
Motivating asymm.
Diboson final states 

2016
Simplified di-boson model 
predicting multi-lepton excesses
Eur.Phys.J.C 76 (2016) 10, 580

2017/2018
Multi-lepton anomalies in Run 1
Prediction of mS=150±5 GeV
in association with leptons/jets/MET
J.Phys.G 45 (2018) 11, 115003

2019
Multi-lepton anomalies
verified in Run 2 
 JHEP 10 (2019) 157

2021
First narrow excess at 151.5±1 
GeV with jets/leptons/MET 
reaching 3.9!
Phys.Rev.D 108 (2023) 11, 115031

2025
Narrow excess at 

152±1 GeV with 5.3!
with leptons/jets/MET

2503.16245

Currently, continue to accumulate excesses at 152±1 GeV and 
exploring  Triplet Y=0 leading to triboson excesses M  K U M A R  S A I P 2 0 2 6 5



Emergence of New Type of multilepton excess

• We examine a new type of multi-lepton excess that has emerged with the Run-2 data at the LHC, which 
involves the production of two opposite-sign leptons (ℓ = 𝑒, 𝜇), a photon, and at least a 𝑏-jet. 

• This excess could be interpreted as a radiative correction to 𝑆	 → 𝑊!𝑊", i.e., 𝑆	 → 	𝑊!𝑊"𝛾 produced in 
association with 𝑏-jets, as suggested by the multi-lepton anomalies. 

M  K U M A R  S A I P 2 0 2 6 6

The dominant process is 𝑝𝑝	 → 	𝐻	 → 	𝑆𝑆′ via gluon-fusion.

 𝑚! = 270	GeV,𝑚"
# = 95	GeV,𝑚" ∈ 100, 200 	GeV

**From this point onward, we use a shorthand notation in 
which only the decay of 𝑆 is explicitly stated, with the 
production mechanism implicitly understood to be gluon 
fusion followed by the decay of the heavy scalar 𝐻. For 
example, 𝜎(𝑆	 → 	𝑊$𝑊%) denotes the cross section for 
the process 𝑔𝑔	 → 	𝐻	 → 	𝑆𝑆′, with 𝑆	 → 	𝑊$𝑊%  and, for 
instance, 𝑆′	 → 	𝑏:𝑏. 



Dataset: [CMS Collaboration] Inclusive and differential measurements of the 𝑡 ̅𝑡𝛾 cross section 
and the 𝑡 ̅𝑡𝛾/𝑡 ̅𝑡 cross section ratio in proton-proton collisions at √s= 13 TeV 
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Figure 4-b: 
Distributions of the invariant mass of the two leptons + photon system, for events 
with two same-flavour leptons, as estimated by the simulation before the fit. 
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o The 𝑚ℓℓ𝛾 distribution reported by CMS exhibits good 

agreement between the observed and predicted event 
yields for 𝑚ℓℓ𝛾 > 120 GeV, as indicated by the data-to-
prediction ratio shown in the lower panel. 

o We therefore use this region to determine an overall 
normalization of the SM background prediction. 

o Specifically, the background is normalized to the data 
using a factor defined as the ratio of the total number of 
observed events over the total predicted SM background 
yield above 120 GeV. The resulting normalization factor is 
0.98, consistent with unity within the quoted systematic 
uncertainties. 

https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-23-002/index.html


Dataset: Beyond the Standard Model (BSM) interpretation/fit
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Event yields per 9 GeV after subtraction of the 
normalized SM backgrounds as a function of 𝑚ℓℓ𝛾 in 
GeV. Here, Data − SM background is defined as “excess.” 
The background is normalized by a scale factor derived 
from the ratio of total event yields in data and 
background in the region 𝑚ℓℓ𝛾 > 120 GeV. The BSM 
signal for 𝑚𝑆 = 152 GeV is represented by a red line. 

o SM process [CMS]: 𝑝𝑝	 → 𝑡 ̅𝑡 → ℓ!𝜈ℓℓ" 1𝜈ℓ	𝛾𝑏2𝑏	
o BSM process: 𝑝𝑝	 → 𝐻 → 𝑆	𝑆$ → ℓ!𝜈ℓℓ" 1𝜈ℓ	𝛾𝑏2𝑏	

3

process: pp ! tt̄ ! `
+
⌫``

�
⌫̄`�bb̄ and the BSM process:

pp ! H ! SS
0, with S ! `

+
⌫``

�
⌫̄`� (as shown in Fig-

ure 1) and S
0 ! bb̄, are simulated using MadGraph5 [37]

for the matrix-element event generation. The resulting
parton-level events are then processed through the stan-
dard simulation chain, consisting of Pythia 8.3 [38] for
particle decays, parton showering, initial- and final-state
radiation, fragmentation, and hadronization, followed by
Delphes 3.5.0 [39] for detector simulation and particle-
level object reconstruction.

The event selection, taken from Ref. [1], is defined as
follows: Each event must contain at least two charged
leptons (` = e, µ). Electron candidates are selected if
pT > 25GeV for the leading lepton and pT > 20GeV
for the sub-leading leptons within the |⌘| < 2.5 region.
Muons are required to satisfy pT > 25GeV for the lead-
ing lepton and pT > 15GeV for the sub-leading lepton,
and |⌘| < 2.4. The two highest pT leptons are selected
as the leading pair and are required to have opposite
electric charges. The allowed dilepton final states are
e
±
µ
⌥, e±e⌥, and µ

±
µ
⌥. The pair of leptons must have

an invariant mass m`` > 40GeV. In addition, exactly
one photon is required in the event with pT > 20GeV
and must lie within |⌘| < 2.5. Jets are required to have
pT > 30GeV and |⌘| < 2.4. A minimum of two jets is re-
quired, with at least one of them identified as a b-tagged
jet.

A correction is applied to account for residual detector
e↵ects not fully captured by the fast simulation. This
correction is derived using the tt̄� process, pp ! tt̄ !
`
+
⌫``

�
⌫̄`�bb̄, as a calibration channel. For this process,

the selection e�ciency obtained from the Monte Carlo
(MC) simulation is compared with that inferred from
Ref. [1]. The ratio of these e�ciencies is 1.01, which
is used as a correction factor to the BSM signal process.

Figure 3 reports the e�ciency of the BSM signal after
applying the correction factor of 1.01. The e�ciencies
are organized in terms of four consecutive steps: lep-
tonic, photonic, jet, and b-jet requirements. Finally, the
e�ciencies of the last requirement, m`` > 40GeV, are
also reported.

Recent reports of excess events in the vicinity of the
tt threshold by CMS and ATLAS [40, 41] have reignited
theoretical discussion about the adequacy of QCD pre-
dictions in this region. In particular, the claim that the
data can be described by adding a color-singlet pseu-
doscalar ⌘t resonance, or “toponium,” on top of the
standard fixed-order perturbative-QCD MC predictions
remains controversial. At the same time, these stud-
ies underscore that further work is still required to in-
corporate threshold e↵ects consistently into MC simu-
lations [42, 43]. To determine the possible impact of a
toponium contribution on the m``� spectrum, we gener-
ate the process (pp ! ⌘t ! tt̄�). Here, we have adopted
a conservative approach by assuming the cross-section
of 8.8+1.2

�1.4 pb [40]. After applying the same event selec-
tion cuts defined above in this section, the corresponding
event yields from the ⌘t contribution are 25 and 15 in

FIG. 3. Selection e�ciencies (see text) for mass values mS 2
[100, 200]. Here, `1 and `2 are leading and sub-leading leptons,
respectively.

the regions m``� < 120 GeV and m``� > 120 GeV, re-
spectively. These estimates, while likely an overestimate
of the tt threshold e↵ects, yield a very small contribu-
tion, and this is unable to explain the observed excess.
In addition, the model used here provides a broad m``�

distribution that is incompatible with the shape of the
observed excess.

III. RESULTS

We extract the mass of the scalar particle S, withmS 2
[100, 200] GeV, by minimizing the �2 constructed from 8
bins of the m``� distribution measured in [1] for m``� <

120 GeV, where �
2(mS) is defined as:

�
2(mS) =

8X

i=1

⇥
Ei �N

BSM
i

(mS)
⇤2

�
2
i

,

Ei = N
data
i

�N
SMbkg
i

. (1)

Here, i denotes the bin number. N
data
i

is the number of
observed events in the i-th bin, while NSMbkg

i
represents

the SM background prediction corrected by the normal-
ization factor discussed in Sec. II. The quantity Ei is
defined as the bin-wise di↵erence between the observed
data and the SM background prediction. NBSM

i
(mS) de-

notes the BSM signal contribution. The total uncertainty
in the i-th bin, represented by �i, is defined as

�
2
i
=

�
�
stat
i

�2
+
�
�
syst
i

�2
, (2)

where �
stat
i

and �
syst
i

denote the statistical and sys-
tematic uncertainties, respectively. The most relevant
systematic uncertainty is associated with the Z� back-
ground. It is estimated from the average relative uncer-
tainty originating from the Z� background in the two



Dataset: Beyond the Standard Model (BSM) Selection efficiency
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o SM process [Simulation]: 𝑝𝑝	 → 𝑡 ̅𝑡 → ℓ!𝜈ℓℓ" 1𝜈ℓ	𝛾𝑏2𝑏	
o BSM process: 𝑝𝑝	 → 𝐻 → 𝑆	𝑆$ → ℓ!𝜈ℓℓ" 1𝜈ℓ	𝛾𝑏2𝑏	

Efficiency of the BSM signal after applying the correction 
factor of 1.01. 

The efficiencies are organized in terms of four consecutive 
steps: leptonic, photonic, jet, and b-jet requirements. And 
final requirement, 𝑚ℓℓ  > 40 GeV. 

Note: ATLAS and CMS report excess of events in the vicinity of 𝑡 ̅𝑡
threshold. [adequacy of QCD prediction?]

Interpreted as “toponium”. 𝜎 𝑝𝑝 → 𝜂% → 𝑡 ̅𝑡𝛾 = 8.8"&.(!&.)	pb.

Even with such a large cross-section impact on the ℓℓ𝛾	(→ 𝑚ℓℓ*) final state is very small

clearly strong overestimate of missing 
threshold effects



Results: Mass measurement

M  K U M A R  S A I P 2 0 2 6 1 0

v The minimum occurs at 𝑚+ = 140 GeV, where 𝜒) = 2.63.

v While the no-BSM hypothesis yields 𝜒) = 10.21.

v At the 68% confidence level, the constraint on the scalar 
mass is 𝑚+ 	= 	 140",-!,. GeV. 

v The relatively wide confidence interval is primarily a 
consequence of the restricted phase space imposed by 
the requirement 𝑚ℓℓ > 40 GeV, compounded by the large 
systematic uncertainties near the Z-boson mass. 

v The small value of the minimum 𝜒) could be due to an 
overestimation of uncertainties. 

v Evaluated at 𝑚+  = 152 GeV, the fit yields 𝜒) = 2.63,
corresponding to a significance of 2.7σ.
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process: pp ! tt̄ ! `
+
⌫``

�
⌫̄`�bb̄ and the BSM process:

pp ! H ! SS
0, with S ! `

+
⌫``

�
⌫̄`� (as shown in Fig-

ure 1) and S
0 ! bb̄, are simulated using MadGraph5 [37]

for the matrix-element event generation. The resulting
parton-level events are then processed through the stan-
dard simulation chain, consisting of Pythia 8.3 [38] for
particle decays, parton showering, initial- and final-state
radiation, fragmentation, and hadronization, followed by
Delphes 3.5.0 [39] for detector simulation and particle-
level object reconstruction.

The event selection, taken from Ref. [1], is defined as
follows: Each event must contain at least two charged
leptons (` = e, µ). Electron candidates are selected if
pT > 25GeV for the leading lepton and pT > 20GeV
for the sub-leading leptons within the |⌘| < 2.5 region.
Muons are required to satisfy pT > 25GeV for the lead-
ing lepton and pT > 15GeV for the sub-leading lepton,
and |⌘| < 2.4. The two highest pT leptons are selected
as the leading pair and are required to have opposite
electric charges. The allowed dilepton final states are
e
±
µ
⌥, e±e⌥, and µ

±
µ
⌥. The pair of leptons must have

an invariant mass m`` > 40GeV. In addition, exactly
one photon is required in the event with pT > 20GeV
and must lie within |⌘| < 2.5. Jets are required to have
pT > 30GeV and |⌘| < 2.4. A minimum of two jets is re-
quired, with at least one of them identified as a b-tagged
jet.

A correction is applied to account for residual detector
e↵ects not fully captured by the fast simulation. This
correction is derived using the tt̄� process, pp ! tt̄ !
`
+
⌫``

�
⌫̄`�bb̄, as a calibration channel. For this process,

the selection e�ciency obtained from the Monte Carlo
(MC) simulation is compared with that inferred from
Ref. [1]. The ratio of these e�ciencies is 1.01, which
is used as a correction factor to the BSM signal process.

Figure 3 reports the e�ciency of the BSM signal after
applying the correction factor of 1.01. The e�ciencies
are organized in terms of four consecutive steps: lep-
tonic, photonic, jet, and b-jet requirements. Finally, the
e�ciencies of the last requirement, m`` > 40GeV, are
also reported.

Recent reports of excess events in the vicinity of the
tt threshold by CMS and ATLAS [40, 41] have reignited
theoretical discussion about the adequacy of QCD pre-
dictions in this region. In particular, the claim that the
data can be described by adding a color-singlet pseu-
doscalar ⌘t resonance, or “toponium,” on top of the
standard fixed-order perturbative-QCD MC predictions
remains controversial. At the same time, these stud-
ies underscore that further work is still required to in-
corporate threshold e↵ects consistently into MC simu-
lations [42, 43]. To determine the possible impact of a
toponium contribution on the m``� spectrum, we gener-
ate the process (pp ! ⌘t ! tt̄�). Here, we have adopted
a conservative approach by assuming the cross-section
of 8.8+1.2

�1.4 pb [40]. After applying the same event selec-
tion cuts defined above in this section, the corresponding
event yields from the ⌘t contribution are 25 and 15 in

FIG. 3. Selection e�ciencies (see text) for mass values mS 2
[100, 200]. Here, `1 and `2 are leading and sub-leading leptons,
respectively.

the regions m``� < 120 GeV and m``� > 120 GeV, re-
spectively. These estimates, while likely an overestimate
of the tt threshold e↵ects, yield a very small contribu-
tion, and this is unable to explain the observed excess.
In addition, the model used here provides a broad m``�

distribution that is incompatible with the shape of the
observed excess.

III. RESULTS

We extract the mass of the scalar particle S, withmS 2
[100, 200] GeV, by minimizing the �2 constructed from 8
bins of the m``� distribution measured in [1] for m``� <

120 GeV, where �
2(mS) is defined as:

�
2(mS) =

8X

i=1

⇥
Ei �N

BSM
i

(mS)
⇤2

�
2
i

,

Ei = N
data
i

�N
SMbkg
i

. (1)

Here, i denotes the bin number. N
data
i

is the number of
observed events in the i-th bin, while NSMbkg

i
represents

the SM background prediction corrected by the normal-
ization factor discussed in Sec. II. The quantity Ei is
defined as the bin-wise di↵erence between the observed
data and the SM background prediction. NBSM

i
(mS) de-

notes the BSM signal contribution. The total uncertainty
in the i-th bin, represented by �i, is defined as

�
2
i
=

�
�
stat
i

�2
+
�
�
syst
i

�2
, (2)

where �
stat
i

and �
syst
i

denote the statistical and sys-
tematic uncertainties, respectively. The most relevant
systematic uncertainty is associated with the Z� back-
ground. It is estimated from the average relative uncer-
tainty originating from the Z� background in the two
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FIG. 4. �
2 as a function of the scalar mass mS (see text for

details).

dominant bins of the m``� distribution, namely the 5th

and 6th bins. This average relative uncertainty is then
applied to all bins to construct �syst

i
. Note that we adopt

a conservative approach, where systematic uncertainties
are assumed to be uncorrelated between bins.

Figure 4 presents the �
2 distribution as a function of

the scalar mass mS . The minimum occurs at mS =
140GeV, where �2 = 2.63, while the no-BSM hypothesis
yields �2 = 10.21. At the 68% confidence level, the con-
straint on the scalar mass is mS = 140+35

�30 GeV. The rela-
tively wide confidence interval is primarily a consequence
of the restricted phase space imposed by the requirement
m`` > 40GeV, compounded by the large systematic un-
certainties near the Z-boson mass. The small value of
the minimum �

2 could be due to an overestimation of
uncertainties. Evaluated at mS = 152GeV, the fit yields
�
2 = 2.63, corresponding to a significance of 2.7�.

We use the results of Ref. [13], which extracted the
S ! W

+
W

� signal cross-section for a scalar mass of
mS = 150GeV using opposite-sign dilepton data re-
ported by the CMS Collaboration with Run-2 data [44].
At the same mass value, we estimate the cross-section for
S ! W

+
W

�
� to be 0.92± 0.33, pb. Combining the two

results, we obtain

�(S ! W
+
W

�
�)

�(S ! W+W�)
= (2.14± 0.77)%.

This value is somewhat larger than the expectation from
purely SM radiative processes, which is of order 1%, and
may therefore point to an enhancement driven by physics
beyond the Standard Model. However, more data will be
needed to shed light on this hint.

Mass (GeV) Channel Reference

150+5
�5

S ! W
+
W

� ! `
+
⌫``

�
⌫`

(b-jet veto applied) [12]

150+7
�6

S ! W
+
W

� ! `
+
⌫``

�
⌫`

(with associated b-jet) [45]

152+1
�1 S ! ��, Z� [19, 21]

140+35
�30 S ! W

+
W

�
� ! `

+
⌫``

�
⌫`� This work

TABLE I. Mass measurements of a scalar candidate around
150GeV (see text).

IV. CONCLUSIONS

In this Letter, we investigate the excess observed in
the `

+
`
�
� final state events, with ` = e, µ, produced in

association with a b-jet in the low-m``� region. We inter-
pret this using a simplified BSM framework that is com-
patible with the multi-lepton anomalies reported at the
LHC and with earlier indications of a narrow resonance
near 152 GeV [12–17]. We find a significance of 2.7� at
mS = 152 GeV, together with a preferred mass range of
140+35

�30 GeV, consistent with earlier estimates [12, 19, 21].
Table I displays the comparison of the available mass
measurements of the scalar candidate.2 This result pro-
vides additional support for the hypothesis of a narrow
resonance near 152GeV.
We also determine the ratio �(S ! W

+
W

�
�)/�(S !

W
+
W

�) = 2.14 ± 0.77%, which is larger than expected
from radiative corrections induced by SM processes
alone. Radiative corrections to direct S ! W

+
W

� pro-
duction are known in related contexts [46–48], whereas
possible enhancements from BSM virtual e↵ects have not
been studied extensively. Nevertheless, there are strong
indications that extended Higgs sectors can give rise to
particularly large electroweak corrections [49]. Another
possible interpretation is an accidental overlap with the
decay of a charged scalar into W

±
� in association with

an additional lepton [50].
The dedicated analyses of the tt̄�/tt̄ ratio presented

in Refs. [51, 52] show that this observable benefits from
strong correlations between the two processes, leading
to a substantial reduction of common theoretical uncer-
tainties. In the present study, we adopt a conservative
treatment of possible tt̄ threshold e↵ects and find that
they are too small to account for the observed di↵eren-
tial excess.
On the experimental side, this Letter supports relaxing

them`` > 40GeV requirement in future measurements of

2 The preferred scalar mass reported in Ref. [45] could be a↵ected
by possible unaccounted-for tt threshold e↵ects. Such e↵ects may
have an impact on the mass measurement and should be kept in
mind when making a direct comparison with our result.
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the tt̄� cross section and of the di↵erential tt̄�/tt̄ cross-
section ratio. Extending the accessible m``� range, to-
gether with the larger Run-3 data set, will be important
for clarifying the nature and detailed shape of the excess.
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q The result provides additional support for the 
hypothesis of a narrow resonance near 152 GeV 
corresponding to an additional significance of 2.7σ.



Conclusion(s): Cross-section Ratio of Scalar Candidate = 150 GeV
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We also determine the ratio σ(S → W+W−γ)/σ(S → W+W −) = 2.14 ± 0.77%, which is larger than expected 
from radiative corrections induced by SM processes alone. 

q This value is somewhat larger than the expectation from purely SM radiative processes, 
which is of order 1%, and may therefore point to an enhancement driven by physics beyond 
the Standard Model. However, more data will be needed to shed light on this hint. 

q On the experimental side, this work supports relaxing the 𝑚ℓℓ > 40 GeV requirement in future 
measurements of the 𝑡 ̅𝑡𝛾 cross section and of the differential 𝑡 ̅𝑡𝛾/𝑡 ̅𝑡 cross-section ratio. 
Extending the accessible 𝑚ℓℓ range, together with the larger Run-3 data set, will be important 
for clarifying the nature and detailed shape of the excess. 

Thank you.
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