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Protophobic Fifth-Force Interpretation of the Observed Anomaly
in 8Be Nuclear Transitions

Jonathan L. Feng,1 Bartosz Fornal,1 Iftah Galon,1 Susan Gardner,1,2 Jordan Smolinsky,1 Tim M. P. Tait,1 and Philip Tanedo1
1Department of Physics and Astronomy, University of California, Irvine, California 92697-4575, USA

2Department of Physics and Astronomy, University of Kentucky, Lexington, Kentucky 40506-0055, USA
(Received 3 May 2016; published 11 August 2016)

Recently a 6.8σ anomaly has been reported in the opening angle and invariant mass distributions of eþe−

pairs produced in 8Be nuclear transitions. The data are explained by a 17 MeV vector gauge boson X that is
produced in the decay of an excited state to the ground state, 8Be" → 8BeX, and then decays through
X → eþe−. The X boson mediates a fifth force with a characteristic range of 12 fm and has millicharged
couplings to up and down quarks and electrons, and a proton coupling that is suppressed relative to
neutrons. The protophobic X boson may also alleviate the current 3.6σ discrepancy between the predicted
and measured values of the muon’s anomalous magnetic moment.

DOI: 10.1103/PhysRevLett.117.071803

Introduction.—The four known forces of nature, the
electromagnetic, weak, strong, and gravitational inter-
actions, are mediated by the photon, the W and Z bosons,
the gluon, and the graviton, respectively. The possibility of
a fifth force, similarly mediated by an as-yet-unknown
gauge boson, has been discussed [1] since shortly after the
introduction of Yang-Mills gauge theories, and has a rich, if
checkered, history [2]. If such a force exists, it must either
be weak, or short ranged, or both to be consistent with the
wealth of experimental data. In recent years, interest in this
possibility has been heightened by the obvious need for
dark matter, which has motivated new particles and forces
in a dark or hidden sector that may mix with the visible
sector and naturally induce a weak fifth force between the
known particles.
Recently, studies of decays of an excited state of 8Be to its

ground state have found a 6.8σ anomaly in the opening angle
and invariant mass distribution of eþe− pairs produced in
these transitions [3]. The discrepancy from expectationsmay
be explained by as-yet-unidentified nuclear reactions or
experimental effects, but the observed distribution is beauti-
fully fit by assuming the production of a new boson. In this
work, we advance the new particle interpretation, carefully
considering the putative signal and the many competing
constraints on its properties, and present a viable proposal
for the new boson and the fifth force it induces.
The 8Be decay anomaly.—The 8Be nuclear excitation

spectrum is precisely known [4]. For this discussion, the
most relevant 8Be nuclear states and their properties are
given in Table I. To simplify our notation, we use the given
symbols to denote specific states. The ground state atomic
mass is 8.005305 u≃ 7456.89 MeV; the ground state
nuclear mass listed in Table I is about 4me below this.
There are also several unlisted broad resonance excited
states both above and below 8Be" and 8Be"0 with widths as
large as several MeV.

In the experiment of Krasznahorkay et al. [3], an intense
proton beam impinges on thin 7Li targets. Given the 7Li
nucleus mass of 6533.83 MeV, the 8Be" and 8Be"0 states are
resonantly produced by tuning the proton kinetic energies to
1.025and0.441MeV, respectively.The resultingexcited states
then decay promptly, dominantly back to p7Li, but also
through rare electromagnetic processes. For 8Be", radiative
decay to the ground state has branching ratio Bð8Be" →
8Be γÞ ≈ 1.4 × 10−5, and there are also decays via internal
pair conversion (IPC) with branching ratio Bð8Be" →
8Beeþe−Þ ≈ 3.9× 10−3Bð8Be" → 8Be γÞ ≈ 5.5× 10−8 [5].
For the IPC decays, one can measure the opening angle

Θ between the eþ and e− and also the invariant massmeþe− .
One expects these distributions to be sharply peaked at low
values of Θ andmeþe− and fall smoothly and monotonically
for increasing values. This is not what is seen in the 8Be"

decays. Instead, there are pronounced bumps at Θ ≈ 140°
and at meþe− ≈ 17 MeV [3]. The experimental analysis fits
the contributions from nearby broad resonances, but these
cannot reproduce the shape of the observed excesses. The
deviation has a significance of 6.8σ, corresponding to a
background fluctuation probability of 5.6 × 10−12 [3]. The
excess is maximal on the 8Be" resonance and disappears as
the proton beam energy is moved off resonance. No such
effect is seen in 8Be"0 IPC decays.
The fit may be improved by postulating a new boson X

that is produced on shell in 8Be" → 8BeX and decays

TABLE I. Relevant 8Be states and their masses, decay widths,
and spin-parity and isospin quantum numbers.

State Mass (MeV) Width (keV) JP Isospin
8Be" (18.15) 7473.00 138 1þ 0
8Be"0 (17.64) 7472.49 10.7 1þ 1
8Be (g.s.) 7454.85 % % % 0þ 0
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PHYSICAL REVIEW C 104, 044003 (2021)

New anomaly observed in 4He supports the existence of the hypothetical X17 particle

A. J. Krasznahorkay ,1,* M. Csatlós ,1 L. Csige,1 J. Gulyás,1 A. Krasznahorkay ,1,† B. M. Nyakó,1

I. Rajta,1 J. Timár ,1 I. Vajda,1 and N. J. Sas2

1Institute for Nuclear Research (ATOMKI), P.O. Box 51, H-4001 Debrecen, Hungary
2University of Debrecen, 4010 Debrecen, PO Box 105, Hungary

(Received 27 October 2019; revised 30 June 2021; accepted 6 October 2021; published 18 October 2021)

Angular correlation spectra of e+e− pairs produced in the 3H(p, e+e−) 4He nuclear reaction have been studied
at Ep = 510, 610, and 900 keV proton energies. The main features of the spectra can be understood by taking into
account the internal and external pair creations following the proton capture by 3H. However, these processes
cannot account for an observed peak around 115◦ in the angular correlation spectra. This anomalous excess of
e+e− pairs can be described by the creation and subsequent decay of a light particle during the direct capture
process. The derived mass of the particle is mXc2 = 16.94 ± 0.12(stat) ± 0.21(syst) MeV. According to the
mass this is likely the same X17 particle, which we recently suggested [Phys. Rev. Lett. 116, 042501 (2016)] for
describing the anomaly observed in the decay of 8Be.

DOI: 10.1103/PhysRevC.104.044003

I. INTRODUCTION

Recently, we measured electron-positron angular correla-
tions for the 17.6 MeV and 18.15 MeV, J p = 1+ → Jπ = 0+,
M1 transitions in 8Be and an anomalous angular correla-
tion was observed [1]. This was interpreted as the creation
and decay of an intermediate bosonic particle, which we
now call X17, with a mass of mXc2 = 16.70 ± 0.35(stat) ±
0.5(syst) MeV. The possible relation of the X17 boson to the
dark matter problem and the fact that it might explain the
(g − 2)µ puzzle, triggered an enhanced theoretical and exper-
imental interest in the particle and hadron physics community
[2,3]. A number of such light particles have already been
predicted for many decades with a wide range of different
properties [4–10], but have never been confirmed experimen-
tally.

Our data were first explained with a 16.7 MeV, vector
gauge boson, X17 by Feng and co-workers [11,12], which
may mediate a fifth fundamental force with some coupling
to standard model (SM) particles. The X17 boson is thus
produced in the decay of an excited state to the ground state,
8Be∗ → 8Be +X17, and then decays through the X17 →
e+e− process. Constraints on such a new particle, were also
taken into account by Feng and co-workers [11–13].

Zhang and Miller [14] investigated the possibility to ex-
plain the anomaly within nuclear physics. They explored the
nuclear transition form factor as a possible origin of the

*kraszna@atomki.hu
†Present address: CERN, Geneva, Switzerland

Published by the American Physical Society under the terms of the
Creative Commons Attribution 4.0 International license. Further
distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOI.

anomaly, and found the required form factor to be unrealistic
for the 8Be nucleus.

Ellwanger and Moretti made another possible explana-
tion of the experimental results through a light pseudoscalar
particle [15]. Given the quantum numbers of the 8Be∗ and
8Be states, the X17 boson could indeed be a Jπ = 0− pseu-
doscalar particle, if it was emitted with L = 1 orbital angular
momentum. More recently Wong [16] made a QED2 boson
description of such pseudoscalar particle.

Alves and Weiner [17], Alves [18] and Liu [19] revisited
experimental constraints on QCD axions in the O(10 MeV)
mass window. In particular, they found a variant axion model
that remains compatible with existing constraints. This re-
opens the possibility of solving the strong CP problem at
the GeV scale. Such axions or axion-like particles (ALPs)
are expected to decay predominantly by the emission of
e+e− pairs.

Subsequently, many studies with different models have
been performed including an extended two Higgs doublet
model [20]. Delle Rose and co-workers [21] showed that the
anomaly can be described with a very light Z0 bosonic state.
They also showed [22] how both spin-0 and spin-1 solutions
are possible and describe beyond the standard model (BSM)
scenarios.

The X17 boson is expected to decay promptly into e+e−

pairs, which then could be detected inside the experimental
setup. The decay rate is determined by their coupling con-
stant to electrons (ϵe). A comprehensive discussion of the
constrains regarding to ϵe of X17 can be found in Ref. [23].
Combining them with the most recent results of the NA64
collaboration [24], one can get the following limits: 6.8 ×
10−4 ! ϵe ! 2 × 10−3.

In parallel to these recent theoretical studies, there are
several experiments (MEGII [25], Darklight [26], SHiP [27],
and others [28] planning to search for the X17 boson, and
large collaborations like BESIII and BelleII [29,30], NA64

2469-9985/2021/104(4)/044003(8) 044003-1 Published by the American Physical Society

Consistent with the 8Be result !!
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New anomaly observed in 4He supports the existence of the hypothetical X17 particle

A. J. Krasznahorkay ,1,* M. Csatlós ,1 L. Csige,1 J. Gulyás,1 A. Krasznahorkay ,1,† B. M. Nyakó,1

I. Rajta,1 J. Timár ,1 I. Vajda,1 and N. J. Sas2

1Institute for Nuclear Research (ATOMKI), P.O. Box 51, H-4001 Debrecen, Hungary
2University of Debrecen, 4010 Debrecen, PO Box 105, Hungary

(Received 27 October 2019; revised 30 June 2021; accepted 6 October 2021; published 18 October 2021)

Angular correlation spectra of e+e− pairs produced in the 3H(p, e+e−) 4He nuclear reaction have been studied
at Ep = 510, 610, and 900 keV proton energies. The main features of the spectra can be understood by taking into
account the internal and external pair creations following the proton capture by 3H. However, these processes
cannot account for an observed peak around 115◦ in the angular correlation spectra. This anomalous excess of
e+e− pairs can be described by the creation and subsequent decay of a light particle during the direct capture
process. The derived mass of the particle is mXc2 = 16.94 ± 0.12(stat) ± 0.21(syst) MeV. According to the
mass this is likely the same X17 particle, which we recently suggested [Phys. Rev. Lett. 116, 042501 (2016)] for
describing the anomaly observed in the decay of 8Be.

DOI: 10.1103/PhysRevC.104.044003

I. INTRODUCTION

Recently, we measured electron-positron angular correla-
tions for the 17.6 MeV and 18.15 MeV, J p = 1+ → Jπ = 0+,
M1 transitions in 8Be and an anomalous angular correla-
tion was observed [1]. This was interpreted as the creation
and decay of an intermediate bosonic particle, which we
now call X17, with a mass of mXc2 = 16.70 ± 0.35(stat) ±
0.5(syst) MeV. The possible relation of the X17 boson to the
dark matter problem and the fact that it might explain the
(g − 2)µ puzzle, triggered an enhanced theoretical and exper-
imental interest in the particle and hadron physics community
[2,3]. A number of such light particles have already been
predicted for many decades with a wide range of different
properties [4–10], but have never been confirmed experimen-
tally.

Our data were first explained with a 16.7 MeV, vector
gauge boson, X17 by Feng and co-workers [11,12], which
may mediate a fifth fundamental force with some coupling
to standard model (SM) particles. The X17 boson is thus
produced in the decay of an excited state to the ground state,
8Be∗ → 8Be +X17, and then decays through the X17 →
e+e− process. Constraints on such a new particle, were also
taken into account by Feng and co-workers [11–13].

Zhang and Miller [14] investigated the possibility to ex-
plain the anomaly within nuclear physics. They explored the
nuclear transition form factor as a possible origin of the

*kraszna@atomki.hu
†Present address: CERN, Geneva, Switzerland

Published by the American Physical Society under the terms of the
Creative Commons Attribution 4.0 International license. Further
distribution of this work must maintain attribution to the author(s)
and the published article’s title, journal citation, and DOI.

anomaly, and found the required form factor to be unrealistic
for the 8Be nucleus.

Ellwanger and Moretti made another possible explana-
tion of the experimental results through a light pseudoscalar
particle [15]. Given the quantum numbers of the 8Be∗ and
8Be states, the X17 boson could indeed be a Jπ = 0− pseu-
doscalar particle, if it was emitted with L = 1 orbital angular
momentum. More recently Wong [16] made a QED2 boson
description of such pseudoscalar particle.

Alves and Weiner [17], Alves [18] and Liu [19] revisited
experimental constraints on QCD axions in the O(10 MeV)
mass window. In particular, they found a variant axion model
that remains compatible with existing constraints. This re-
opens the possibility of solving the strong CP problem at
the GeV scale. Such axions or axion-like particles (ALPs)
are expected to decay predominantly by the emission of
e+e− pairs.

Subsequently, many studies with different models have
been performed including an extended two Higgs doublet
model [20]. Delle Rose and co-workers [21] showed that the
anomaly can be described with a very light Z0 bosonic state.
They also showed [22] how both spin-0 and spin-1 solutions
are possible and describe beyond the standard model (BSM)
scenarios.

The X17 boson is expected to decay promptly into e+e−

pairs, which then could be detected inside the experimental
setup. The decay rate is determined by their coupling con-
stant to electrons (ϵe). A comprehensive discussion of the
constrains regarding to ϵe of X17 can be found in Ref. [23].
Combining them with the most recent results of the NA64
collaboration [24], one can get the following limits: 6.8 ×
10−4 ! ϵe ! 2 × 10−3.

In parallel to these recent theoretical studies, there are
several experiments (MEGII [25], Darklight [26], SHiP [27],
and others [28] planning to search for the X17 boson, and
large collaborations like BESIII and BelleII [29,30], NA64

2469-9985/2021/104(4)/044003(8) 044003-1 Published by the American Physical Society

Consistent with the 8Be result !!
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Feng et. all predict that for 12C the should
be seen at an angle close to 160º for X(17).

The ATOMKI Anomaly(ies) : Brief overview
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The ATOMKI Anomaly(ies) : Protophobic

Confirmation (?) with a similar 
experiment at VNU.
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Feng et all., PRD 102 (2020) 036016

EFT for Nuclear 
Transitions

Very nice seminar at EPFL by M. Raggi. Available here

The ATOMKI Anomaly(ies) : Constraints

Protophobic vector boson X
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Feng et al., PRL 117 (2016) 071803

Protophobic vector boson X

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.036016
https://indico.cern.ch/event/1394563/attachments/2850542/4987408/Raggi_X17EPFL.pdf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.071101
https://doi.org/10.1140/epjc/s10052-023-11271-x
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.071803
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https://doi.org/10.1140/epjc/s10052-023-11271-x
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.117.071803
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Hati, Kriewald, Orloff & Teixeira JHEP 07 (2020) 235

Denton and Gehrlein, PRD 108 (2023) 1, 015009

General form:

Ø VECTOR (V) AND AXIAL-VECTOR (A) Z’ COUPLINGS TO FERMIONS:

What kind of models can accomodate these
results?

The ATOMKI Anomaly(ies) : Constraints

https://doi.org/10.1007/JHEP07(2020)235
https://doi.org/10.1103/PhysRevD.108.015009
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Feng et all., PRD 95 (2017) 035017

The ATOMKI Anomaly(ies) : some (models)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.035017
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MOST OBVIOUS CHOICE: GAUGED U(1)B-L...
Feng et all., PRD 95 (2017) 035017

The ATOMKI Anomaly(ies) : some (models)

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.035017
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Kinetic mixing parameter constrained to be small by Z-pole measurements

Vanilla (B-L) model : general structure

13

Vanilla B-L : SM + 3 RH NR’s + 1 complex scalar S

(Gauge) Lagrangian:

Which can be brought to its final convenient form in terms of gauge boson mass eigenstates 
(see e.g. Hati, Kriewald, Orloff & Teixeira JHEP 07 (2020) 235)

Covariant derivative:

https://doi.org/10.1007/JHEP07(2020)235
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Ø GAUGE BOSON MASSES:

Bring to the canonical form 
Redefinition of the gauge fields: Redefinition of couling constants:

vacuum

more later…
B’ mass term:

Physical gauge boson masses

Vanilla (B-L) model : general structure
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Small kinetic mixing

Covariant derivative in terms of physical gauge bosons

Ø SCALAR SECTOR:

In the limit of small kinetic mixing:

In terms of scalar masses and mixing:

§  

§  

Vanilla (B-L) model : general structure

Two CP-even scalars              with masses           with                           
<latexit sha1_base64="0Gi80BDwPpqN3YaGLGahsAG7PTE=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUaGbohuXFewDmlAmk0kzdGYSZiZCDcVfceNCEbf+hzv/xmmbhbYeuHA4517uvSdIGVXacb6t0srq2vpGebOytb2zu2fvH3RUkklM2jhhiewFSBFGBWlrqhnppZIgHjDSDUY3U7/7QKSiibjX45T4HA0FjShG2kgD+yiGXiP3JIdIhBOvAT0c04FddWrODHCZuAWpggKtgf3lhQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakr6hAnGi/Hx2/QSeGiWEUSJNCQ1n6u+JHHGlxjwwnRzpWC16U/E/r5/p6MrPqUgzTQSeL4oyBnUCp1HAkEqCNRsbgrCk5laIYyQR1iawignBXXx5mXTOa+5FrX5XrzavizjK4BicgDPggkvQBLegBdoAg0fwDF7Bm/VkvVjv1se8tWQVM4fgD6zPHyjmlGg=</latexit>

h and � <latexit sha1_base64="ZOvSa2nO7y3JAqQmkFssPyyEmgc=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdVj0YvHCvYD26Vk02w3NMkuSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6gZYU84kbRlmOO0mimIRcNoJxrczv/NElWaxfDCThPoCjyQLGcHGSo9ikEUXfRKx6aBccavuHGiVeDmpQI7moPzVH8YkFVQawrHWPc9NjJ9hZRjhdFrqp5ommIzxiPYslVhQ7Wfzi6fozCpDFMbKljRorv6eyLDQeiIC2ymwifSyNxP/83qpCa/9jMkkNVSSxaIw5cjEaPY+GjJFieETSzBRzN6KSIQVJsaGVLIheMsvr5L2ZdWrV2v3tUrjJo+jCCdwCufgwRU04A6a0AICEp7hFd4c7bw4787HorXg5DPH8AfO5w985JDP</latexit>mh,�
<latexit sha1_base64="pEl7+dI97YP/gNgOjkcz50kbAmo=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgQkpS6mMjFF3osoJ9QBPCZDpth85MwsxELCG/4saFIm79EXf+jdM2C209cOFwzr3ce08YM6q043xbhZXVtfWN4mZpa3tnd8/eL7dVlEhMWjhikeyGSBFGBWlpqhnpxpIgHjLSCcc3U7/zSKSikXjQk5j4HA0FHVCMtJECu8yD0ZVbO/NOU09yeEvaWWBXnKozA1wmbk4qIEczsL+8foQTToTGDCnVc51Y+ymSmmJGspKXKBIjPEZD0jNUIE6Un85uz+CxUfpwEElTQsOZ+nsiRVypCQ9NJ0d6pBa9qfif10v04NJPqYgTTQSeLxokDOoIToOAfSoJ1mxiCMKSmlshHiGJsDZxlUwI7uLLy6Rdq7rn1fp9vdK4zuMogkNwBE6ACy5AA9yBJmgBDJ7AM3gFb1ZmvVjv1se8tWDlMwfgD6zPH0FSk04=</latexit>

mh = 125GeV
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Coimbra, Sampaio & Santos, Eur.Phys.J.C 73 (2013) 2428  

Boundness from below and perturbative unitarity constraints :§  

Lowest allowed value:

are allowed

General form:

Ø VECTOR (V) AND AXIAL-VECTOR (A) Z’ COUPLINGS TO FERMIONS:

Vanilla (B-L) model : general structure

https://doi.org/10.1140/epjc/s10052-013-2428-4
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Hati, Kriewald, Orloff & Teixeira JHEP 07 (2020) 235

Denton and Gehrlein, PRD 108 (2023) 1, 015009

HOW DO WE SUPPRESS THE Z’ COUPLINGS 
TO NEUTRINOS?

SOLUTION: ADD VECTOR-LIKE LEPTONS!
Feng et. all, PRD 95 (2017) 3, 035017

Hati, Kriewald, Orloff & Teixeira JHEP 07 (2020) 235

Vanilla (B-L) model vs ATOMKI

https://doi.org/10.1007/JHEP07(2020)235
https://doi.org/10.1103/PhysRevD.108.015009
https://doi.org/10.1103/PhysRevD.95.035017
https://doi.org/10.1007/JHEP07(2020)235
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(B-L) + VLLs model : general structure

18

(B-L) + VLLs: Vanilla (B-L) + 3 Doublet VLL pairs + 3 charged 
singlet VLL pairs

For simplicity, all Yukawa and mass matrices are considered real and diagonal.

Lepton Yukawa and mass terms

<latexit sha1_base64="a1eGUc9U9YCj9e3eIJiBM7yAUaA=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBQym7tagXoejFYwX7Ae1Ssmm2DU2yS5IVytIf4cWDIl79Pd78N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0dJYrQJol4pDoB1pQzSZuGGU47saJYBJy2g/HdzG8/UaVZJB/NJKa+wEPJQkawsVKb3XjlavmiXyy5FXcOtEq8jJQgQ6Nf/OoNIpIIKg3hWOuu58bGT7EyjHA6LfQSTWNMxnhIu5ZKLKj20/m5U3RmlQEKI2VLGjRXf0+kWGg9EYHtFNiM9LI3E//zuokJr/2UyTgxVJLFojDhyERo9jsaMEWJ4RNLMFHM3orICCtMjE2oYEPwll9eJa1qxbus1B5qpfptFkceTuAUzsGDK6jDPTSgCQTG8Ayv8ObEzovz7nwsWnNONnMMf+B8/gB6uY5d</latexit>

i = 1, 2, 3
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Ø Charged- and neutral-lepton mass matrix (after SSB):

Each entry is a 3×3 diagonal matrix with distinct                              and     elements.               

Mass matrices

Ø Mass-eigenstate basis: 

Three (four) charged (neutral) leptons ℓ! (𝜈!)  for each family.

(B-L) + VLLs model : general structure
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Ø Z’ couplings to (physical) fermions:

Comparing with what we have seen before:

<latexit sha1_base64="UewqULN11JGPX3y6FemTzE5JgKo=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCoC0zZWq7EUrduHDRgn1AW0smzbShmQdJRijjLPwVNy4UcetvuPNvzLQjqOjhXjiccy+5OXbAqJCG8aEtLC4tr6xm1rLrG5tb2/rObkv4IcekiX3m846NBGHUI01JJSOdgBPk2oy07clF4rdvCRfU967lNCB9F4086lCMpJIG+n5jQG+iWv4qPu9FefP0JKlePNBzRqFUKlXMMjQKxgwJKVpm0YJmquRAivpAf+8NfRy6xJOYISG6phHIfoS4pJiRONsLBQkQnqAR6SrqIZeIfjS7P4ZHShlCx+eqPQln6veNCLlCTF1bTbpIjsVvLxH/8rqhdCr9iHpBKImH5w85IYPSh0kYcEg5wZJNFUGYU3UrxGPEEZYqsqwK4eun8H/SKhbMs4LVsHLVWhpHBhyAQ3AMTFAGVXAJ6qAJMLgDD+AJPGv32qP2or3ORxe0dGcP/ID29gkglpRB</latexit>

QB�L
i = {�1,+1,+1}

<latexit sha1_base64="JpLmOscWvIbCl1sXsZu+89tgfeA=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwoSUpqe1GKLpx2YJ9QBPCZDpph04ezEwKJfRP3LhQxK1/4s6/cZJGUNHDvXA4517mzvFiRoU0jA+ttLa+sblV3q7s7O7tH+iHR30RJRyTHo5YxIceEoTRkPQklYwMY05Q4DEy8Ga3mT+YEy5oFN7LRUycAE1C6lOMpJJcXe+69NpOL82LvOylq1eNWqPRaJlNaNSMHBmpW2bdgmahVEGBjqu/2+MIJwEJJWZIiJFpxNJJEZcUM7Ks2IkgMcIzNCEjRUMUEOGk+eVLeKaUMfQjrjqUMFe/b6QoEGIReGoyQHIqfnuZ+Jc3SqTfclIaxokkIV495CcMyghmMcAx5QRLtlAEYU7VrRBPEUdYqrAqKoSvn8L/Sb9eM69qVteqtm+KOMrgBJyCc2CCJmiDO9ABPYDBHDyAJ/Cspdqj9qK9rkZLWrFzDH5Ae/sE/ySR+A==</latexit>

Qi = {�1,�1,�1}

CAN        BE

NATURALLY

SUPPRESSED? 

(B-L) + VLLs model : general structure
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(B-L) + VLLs model : 𝜀!!!!" supression (?)

21

THE A-V COUPLING TO NEUTRINOS IS NOW:

CONCLUSION: To suppress we must have: 

There is no reason for this “tunning”...
(still, let us turn a blind eye on this detail)

Ø Z’ couplings to neutrinos:
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Ø Z’ couplings to charged leptons:

The A-V Z’ couplings to 
charged leptons are:

With respect to the coupling with the neutron:

BOTTOM-LINE CONCLUSION:

Let’s just accept this and move on…

Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

(B-L) + VLLs model : 𝜀!!!!" supression (?)

https://doi.org/10.1007/JHEP04(2024)003
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(B-L) + VLLs model : a real problem

23

Ø Charged-lepton couplings with the Higgs

Coupling modifiers :

Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

https://doi.org/10.1038/s41586-022-04892-x
https://doi.org/10.1038/s41586-022-04893-w
https://doi.org/10.1007/JHEP04(2024)003
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Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

(B-L) + VLLs model : The full picture
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Ø Full numerical analysis:

§

§

§

§
<latexit sha1_base64="z++YRUSCOFfaSJt8vmFADqN4SCI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bp7ibsboQQ+i+8eFDEq//Gm//GbZqDtj4YeLw3w8y8IOZMG9f9dkpr6xubW+Xtys7u3v5B9fCoo6NEEdomEY9UL8CaciZp2zDDaS9WFIuA024wvZ373SeqNIvkg0lj6gs8lixkBBsrPWYDJVAHq3Q2rNbcupsDrRKvIDUo0BpWvwajiCSCSkM41rrvubHxM6wMI5zOKoNE0xiTKR7TvqUSC6r9LL94hs6sMkJhpGxJg3L190SGhdapCGynwGail725+J/XT0x47WdMxomhkiwWhQlHJkLz99GIKUoMTy3BRDF7KyITrDAxNqSKDcFbfnmVdC7q3mW9cd+oNW+KOMpwAqdwDh5cQRPuoAVtICDhGV7hzdHOi/PufCxaS04xcwx/4Hz+AJCnkNw=</latexit>

Vary
<latexit sha1_base64="8vnb/EqvmYaaP2DLEd+2tGx/gCo=">AAACFHicbVC7SgNBFJ31GeNr1dJmMAiCIexKUAuLqI1lBPOQ7BJmJ5NkyMzsOjOrhGU/wsZfsbFQxNbCzr9xkmyhiQcuHM65l3vvCSJGlXacb2tufmFxaTm3kl9dW9/YtLe26yqMJSY1HLJQNgOkCKOC1DTVjDQjSRAPGGkEg8uR37gnUtFQ3OhhRHyOeoJ2KUbaSG37MPEkh+eMecXbeIAekFfEYWw2i55KveIZ9NSd1EnZi2jatgtOyRkDzhI3IwWQodq2v7xOiGNOhMYMKdVynUj7CZKaYkbSvBcrEiE8QD3SMlQgTpSfjJ9K4b5ROrAbSlNCw7H6eyJBXKkhD0wnR7qvpr2R+J/XinX31E+oiGJNBJ4s6sYM6hCOEoIdKgnWbGgIwpKaWyHuI4mwNjnmTQju9MuzpH5Uco9L5etyoXKRxZEDu2APHAAXnIAKuAJVUAMYPIJn8ArerCfrxXq3Piatc1Y2swP+wPr8AZd2no8=</latexit>

AllYukawa couplings <
p
4⇡

<latexit sha1_base64="7oZx6h88vCj2vTAYqMESHWEZ4LA=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0FIEcKuiFpKbCwjmChkQ5idvatD5rHMzCphyS/Y+Cs2ForY2tn5N05iCo0euJfDOfcyc0+ccWZsEHx6pbn5hcWl8nJlZXVtfcPf3OoYlWsKbaq40lcxMcCZhLZllsNVpoGImMNlPDgd+5e3oA1T8sIOM+gJci1ZyiixTur7tSLSAjdVLhMJxkT1VCsR1WPg6i6qE5mMXO9Hmej71aARTID/knBKqmiKVt//iBJFcwHSUk6M6YZBZnsF0ZZRDqNKlBvICB2Qa+g6KokA0ysmF43wnlMSnCrtSlo8UX9uFEQYMxSxmxTE3phZbyz+53Vzmx73Ciaz3IKk3w+lOcdW4XE8OGEaqOVDRwjVzP0V0xuiCbUuxIoLIZw9+S/p7DfCw8bB+UH1pDmNo4x20C6qoRAdoRN0hlqojSi6R4/oGb14D96T9+q9fY+WvOnONvoF7/0LZPSdYQ==</latexit>

Boundness frombelow and a±

§

§

APPLY CONSTRAINTS: (S,T,U), invisible Higgs decays, coupling modifiers, neutrino non-
unitarity constraints.

Numerical results 
confirm the analytical 

findings.

NO HOPE FOR B-L WITH VLLS… WITH 

Compute the couplings

https://doi.org/10.1007/JHEP04(2024)003
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(B-L) + VLLs model : possible wayout (?)
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Denton and Gehrlein, PRD 108 (2023) 1, 015009

WHAT IF                 ?  
Neutrino coupling 

suppression for

(once more, let us turn a blind eye on this ugly requirement)

With                    :

This implies:

Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

https://doi.org/10.1103/PhysRevD.108.015009
https://doi.org/10.1007/JHEP04(2024)003
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(B-L) + VLLs model : some tension & a real problem
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Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

There appears to be some tension, but... 

There is a more serious problem than that. 
<latexit sha1_base64="H5Y5hUYpA1z0XXGwvHWJY8w7T2U=">AAAB8HicdVDLSsNAFJ34rPVVdelmsAh1YUhCarssunFZwT6kDWUynbRDZyZhZiKU0q9w40IRt36OO//GSRtBRQ9cOJxzL/feEyaMKu04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lZi0cMxi2Q2RIowK0tJUM9JNJEE8ZKQTTq4yv3NPpKKxuNXThAQcjQSNKEbaSHeV0bl3NujzdFAqO3a1Wq27NejYzgIZ8XzX86GbK2WQozkovfeHMU45ERozpFTPdRIdzJDUFDMyL/ZTRRKEJ2hEeoYKxIkKZouD5/DUKEMYxdKU0HChfp+YIa7UlIemkyM9Vr+9TPzL66U6qgczKpJUE4GXi6KUQR3D7Hs4pJJgzaaGICypuRXiMZIIa5NR0YTw9Sn8n7Q9272w/Ru/3LjM4yiAY3ACKsAFNdAA16AJWgADDh7AE3i2pPVovVivy9YVK585Aj9gvX0CvQCPvQ==</latexit>

(g � 2)µ

https://doi.org/10.1007/JHEP04(2024)003
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(B-L) + VLLs model : the real problem
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Ø Two new contributions to the (g-2)𝝁 : 

<latexit sha1_base64="KQhpaD8YnQVfdVJLxH8CriD8Fbg=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyiCymJFOtGKLpxI1SwD2xCmEwn7dCZJMxMhBqCv+LGhSJu/Q93/o3TNgttPXDhcM693HuPHzMqlWV9G4WFxaXlleJqaW19Y3PL3N5pySgRmDRxxCLR8ZEkjIakqahipBMLgrjPSNsfXo399gMRkkbhnRrFxOWoH9KAYqS05Jl73Evvj7ILu+acpI7g8Ia0Ms8sWxVrAjhP7JyUQY6GZ345vQgnnIQKMyRl17Zi5aZIKIoZyUpOIkmM8BD1SVfTEHEi3XRyfQYPtdKDQSR0hQpO1N8TKeJSjrivOzlSAznrjcX/vG6ignM3pWGcKBLi6aIgYVBFcBwF7FFBsGIjTRAWVN8K8QAJhJUOrKRDsGdfniet04p9VqneVsv1yzyOItgHB+AY2KAG6uAaNEATYPAInsEreDOejBfj3fiYthaMfGYX/IHx+QP5lZRJ</latexit>

mZ0 = 17MeV

<latexit sha1_base64="cJikRLsyCIM6Rvg4t+Vc+qSKDoQ="></latexit>

�aµ = �aZ
0

µ +�a�µ

<latexit sha1_base64="Uxw3RbH/Mrz9eOkFy/ugkQB04q4=">AAACBnicbVBNS8NAEN34WetX1KMIi0XwICUpRT0WPeixgv2AJoTNdtou3U3C7kYooScv/hUvHhTx6m/w5r9x2+agrQ8GHu/NMDMvTDhT2nG+raXlldW19cJGcXNre2fX3ttvqjiVFBo05rFsh0QBZxE0NNMc2okEIkIOrXB4PfFbDyAVi6N7PUrAF6QfsR6jRBspsI9E4NEBwx4HpRQTuFLxzjJPCnwDzXFgl5yyMwVeJG5OSihHPbC/vG5MUwGRppwo1XGdRPsZkZpRDuOilypICB2SPnQMjYgA5WfTN8b4xChd3IulqUjjqfp7IiNCqZEITacgeqDmvYn4n9dJde/Sz1iUpBoiOlvUSznWMZ5kgrtMAtV8ZAihkplbMR0QSag2yRVNCO78y4ukWSm75+XqXbVUu8rjKKBDdIxOkYsuUA3dojpqIIoe0TN6RW/Wk/VivVsfs9YlK585QH9gff4AymaYDw==</latexit>

m� . 22GeV

Ferreira, Gonçalves & FRJ, 
JHEP 04 (2024) 003

https://doi.org/10.1007/JHEP04(2024)003
https://doi.org/10.1007/JHEP04(2024)003
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(B-L) + VLLs model : final veredict
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Ø BENCHMARK: Ferreira, Gonçalves & FRJ, JHEP 04 (2024) 003

THERE IS NO WAY TO TURN A 
BLIND EYE ON THIS ONE...

B. Abi et al. (Muon 𝑔−2 Collaboration), PRL 126, 141801

https://doi.org/10.1007/JHEP04(2024)003
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.141801
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CONCLUSIONS
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Ø ATOMKI anomalies: evidence of new physics (?)

§ High statistical significance ≳6 σ
§ Different detector configurations were used
§ New X17 particle imply remarkable fits
§ Different nuclei 8Be - 4He -12C anomalies 
§ 12C anomaly predicted and confirmed
§ Independent confirmation from VNU (?)

§ No confirmation of the X17 existence from experiments 
of different nature

§ Strong constraints on the parameter space from particle 
physics experiments

Ø VANILLA B-L: doesn’t work!

Ø B-L + VLLs leads to problems (Higgs couplings, muon g-2, neutrino 
constraints)

Ø If confirmed we will have to bring up the right model...
Ευχαριστώ!


