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Abstract

The announcement of the KM3-230213A neutrino is generating a flood of astrophysics
studies, mostly investigating its origin. We here focus on aspects of this observation that
could be relevant for research programs on quantum gravity and spacetime quantization.
It is at least amusing that KM3-230213A most likely traveled billions of light-years, but
its rest-frame existence only lasted less than 0.1 seconds and ended with it being hit by a
nucleon of Planckian energy. In addition, and perhaps more significantly, KM3-230213A is
a remarkable probe of the types of microscopic structure of spacetime conjectured in some
quantum-spacetime scenarios, and according to one of these scenarios, there is a candidate
source: the gamma-ray burst GRB090401B observed 14 years earlier.

Keywords: quantum gravity; quantum spacetime; relativity

1. Introduction

The recently announced neutrino 230213A (KM3-230213A [1]) is perceived as an ob-
servation of rare significance for astrophysics, also because of the insight that could be
gained if we managed to establish its origin. In this paper, we focus on other potential

R Cheok for una implications of 230213 A in connection with results obtained in several proposed models
t
e ‘ (see, e.g., refs. [2-4]) of the gravity-induced quantum properties of spacetime. In partic-
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therein, several descriptions of spacetime quantization lead to in-vacuo dispersion (an
alternative candidate origin of in-vacuo dispersion is provided by some dark-matter sce-
narios [11]). For what concerns its effects on particles observed from distant astrophysical
sources, in-vacuo dispersion can be simply characterized as an excess contribution At to
the travel time of the particles. Atleading order in E/ Mg, it is given by [5,6,9,10,12,13]:

E
MQG !

At = D(z) 1)

where E is the particle’s energy and D(z) is a function of the redshift z of the source emitting

Z
D) = [ d a+d)
0" Ho/Qa + (1+0)3Qm
(Hp is the Hubble constant; (24 and (), are the cosmological constant and matter den-
sities [14]). If indeed Mg is not much smaller than the Planck scale, the effects of (1)
are essentially negligible on terrestrial scales but can produce tangible delays [5,6,10] for

the particle:

high-energy particles we observe from cosmologically distant astrophysical sources.

The paper is structured as follows. In Section 2, we briefly describe the observation of
230213A in its rest frame, pointing out how its peculiar properties might help address a
difficult open problem in quantum-spacetime research. In Section 3, we relate the failure of
previous searches for a transient source of the 230213 A neutrino to a long-standing GRB-
neutrino puzzle, discussing the potential relevance of the in vacuo dispersion hypothesis
for both issues. In Section 4, we show that, assuming in vacuo dispersion, one indeed finds
a candidate source for 230213A and discuss the implications of this surprising result for in
vacuo dispersion studies. Finally, in Section 5, we offer some closing remarks.

2. Rest-Frame Description of the 230213A Observation

The neutrino-rest-frame description of the observation of 230213A is rather striking
because of how its ultra-high energy E ~ 2.2 x 10° TeV combines with the smallness of
neutrino masses.

Assuming that 230213A had mass m ~ 0.02 eV, which is rather conservative in light
of current upper bounds on neutrino masses [15], and that its journey was very long
when measured in terms of the cosmic time t, say f ~ 10 years (corresponding to a
redshift Z ~ 1.7), one finds that 230213A’s existence in its rest frame lasted no more than
the following:

_ 0 dr T m da m dz
= iy
a

Z
— = ~ (0.02s.
i dt pO(a) aH(a) ~ E ) (1+2)2Ho\/On + (1 + 2200

The Hubble time H,, !, which sets the scale of the propagation time in an earthbound

frame, gets completely suppressed by the huge factor E/m ~ 1.1 x 10'

, which is by far
the largest boost with respect to earthbound frames ever observed. Such a large boost
has another consequence on the rest-frame description, which is rather fascinating from
the point of view of quantum gravity. The 230213A neutrino was observed through its
interaction with a nucleon in the Malta Escarpment, not far from the KM3NeT telescope (the
muon produced in that collision was subsequently detected in the KM3NeT underwater
facility [1]), and the energy of that nucleon, in the 230213A rest frame, is Planckian. In fact,
a particle of energy 1073 TeV in an earthbound reference frame has energy 1.1 x 106 TeV
(~Mp) in the 230213 A rest frame.

The above observations could encourage future studies of propagation in quantum

spacetime adopting the neutrino-rest-frame perspective, in which case it is the Planckian
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nucleon that propagates for about 0.02 seconds before hitting 230213A. This change of
perspective is potentially very interesting because, while the propagation of a 100-PeV
neutrino in an earthbound frame is expected to be only slightly affected by the quantum
properties of spacetime, the propagation of a Planckian nucleon in the 230213A rest frame
probes the full-quantum-gravity regime of the theory and requires going well beyond the
leading-order corrections in E/ Mg provided so far by theoretical investigations set in
earthbound frames [5,6,10]. In general, modeling exactly (to all orders in E/Mgc) particle
propagation in a quantum spacetime is a daunting theoretical challenge, and very little
progress has been made in this direction so far. In the particular 230213A scenario we are
contemplating here, however, the availability of a robust leading-order description of the
process in an earthbound frame, based on in vacuo dispersion as described by Equation (1),
might provide some guidance and help shed light on Planckian propagation in the 230213A
rest frame.

3. The Origin of 230213A, the GRB-Neutrino Puzzle, and
In Vacuo Dispersion

The origin of 230213A is currently a complete mystery for astrophysicists and has
attracted a lot of attention in recent studies. A priori, 230213A could either belong to the
persistent isotropic astrophysical neutrino flux observed over the past 15 years by the
IceCube observatory (made up of genuinely cosmogenic neutrinos as well as neutrinos
coming from too distant and/or too faint sources to be individually resolved) or have
been produced by some exceptional astrophysical transient. The first scenario, however,
is considered very unlikely [1,16] in light of the bounds on the isotropic neutrino flux
previously established by IceCube. As for transient sources, the natural candidates are
blazars and GRBs (gamma-ray bursts), which are widely expected to have a sizable neutrino
emission. However, blazars do not seem to have enough firepower to produce a neutrino
with such a high energy [16,17]. A GRB origin, instead, would make perfect sense (see, e.g.,
ref. [18]), but no GRBs with direction compatible with that of 230213A were observed in
good temporal coincidence with 230213A.

From the point of view of quantum-spacetime phenomenology, the absence of a GRB
source candidate for 230213A can be related to a wider puzzle concerning GRB neutrinos
of lower energies. Neutrinos in the range 50-2000 TeV have been observed by IceCube
for more than a decade [19], and it is established that some of them were produced by
blazars [20], but so far IceCube has not reported any neutrino in good directional and
temporal coincidence with a GRB. This is puzzling since GRB models reliably predict a
neutrino emission sufficient for IceCube to detect at least a few GRB neutrinos per year
(see, e.g., ref. [21]). Of course, GRB models may need to be revised in such a way as
to have a lower level of neutrino emission. However, it is also possible that IceCube is
actually observing some GRB neutrinos but is currently unable to identify them as such.
The existence of 230213 A, which looks very much like a GRB neutrino but cannot be traced
back to any GRB source, makes such an association-failure scenario more compelling. And
in vacuo dispersion could easily explain the lack of GRB-neutrino associations so far. In
fact, current searches of GRB neutrinos assume that the high-energy neutrinos should be
observed in close temporal coincidence with the much-lower-energy gamma-ray transient,
as required by standard propagation physics (at TeV energies and above, neutrinos should
travel at nearly exactly the same speed as photons). For cosmological sources like GRBs
(z 2 1) and typical astrophysical neutrino energies (E 2 50 TeV), though, At in Equation (1)
would vary from several days to a few weeks even for a value of Mg just below the Planck
scale Mp, meaning that GRB neutrinos would be detected much later than the associated
gamma rays.

https://doi.org/10.3390/ timespace2010002


https://doi.org/10.3390/timespace2010002

Time Space 2026, 2, 2

40f8

Indeed, we tested GRB and IceCube data for in vacuo dispersion in a series of previous
studies (see refs. [22,23], and references therein), obtaining preliminary but encouraging
results summarized in Figure 1.
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Figure 1. Here At* is AtD(1)/D(z) (the factor D(1) being introduced only to give At* dimensions
of time). Equation (1) predicts a linear relationship between At* (computed using the redshift of
the GRB and the At between neutrino and GRB) and E. The data points give At* and E for four
GRB-neutrino candidates found in IceCube data, while the gray band and the gray line reflect the
properties of the search window motivated in ref. [22].

In all these studies, we analyzed IceCube neutrinos with energy between 50 and
2000 TeV classified as shower events. The restriction to shower events is motivated by the
fact that the statistical approach we had been developing to establish the significance of
GRB-neutrino associations is strongly based on consistency with the energy dependence
predicted by Equation (1), and therefore requires the rather sharp (about 10% relative
uncertainty) energy determination available for shower events (muon-mediated events,
classified as track events, have substantially larger energy uncertainties). The gray band in
Figure 1 reflects the search window motivated in ref. [22] and then used for the investigation
reported in ref. [23], corresponding to values Mg of order 0.1Mp in Equation (1). The
four points in Figure 1 represent the four GRB-neutrino candidates found by the analysis
reported in ref. [23], i.e., four IceCube neutrinos in good directional agreement with a
candidate GRB source whose time-of-observation offset is consistent with the time-energy
search window given by the gray band in Figure 1. At* is the time-of-observation difference
between the neutrino and the associated GRB rescaled by D(z), where z is the GRB redshift,
while E is the neutrino energy; therefore, Equation (1) predicts a linear relationship between
At* and E, in good agreement with the content of Figure 1.

Of course, all four GRB-neutrino candidates of Figure 1 could be accidental: it might
have happened that four IceCube neutrinos unrelated to GRBs accidentally had direction
consistent with a GRB and also fell by chance within the time-energy search window high-
lighted in Figure 1. But, through dedicated simulations (see ref. [23] for details), we found
that this occurs with rather small probability: the level of consistency between the four
GRB-neutrino candidates and the in vacuo dispersion expectations encoded in Equation (1)
is such that the overall significance of Figure 1 is 0.6% [23], still not good enough for any ex-
citement, but evidently encouraging for the in vacuo dispersion hypothesis. Since with just
four GRB-neutrino candidates we find significance at the 0.6% level, a large improvement
in significance could be achieved by finding a few more such GRB-neutrino candidates.
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4. In Vacuo Dispersion at the Highest Energies: A GRB Source
for 230213A

From our previous discussion, it should be clear that extremely-high-energy neutrinos
like 230213A may play a crucial role in validating the above in vacuo dispersion scenario,
since there is reason to believe that they do actually come from GRB sources. If this is the
case, the level of in vacuo dispersion favored by the four data points in Figure 1 would
imply a delay of several years for a neutrino with energy 2.2 x 10° TeV. Accordingly,
assuming in vacuo dispersion, one should expect to find a GRB source in good directional
agreement with 230213A observed several years earlier than 230213A. This consideration
motivated us, in a recent study reported in ref. [24], to search a list of all known-redshift
GRBs observed over the last 30 years for GRBs in good directional agreement with the
230213A neutrino. The restriction to known-redshift events was dictated by the need to
check the consistency of any candidate GRB source for 230213A with Equation (1), as
directional compatibility, by itself, cannot provide evidence for in vacuo dispersion.

Much to our surprise, given the relatively small number of GRBs whose redshift has
been measured (our list [23], to date the most comprehensive of its kind, contains 652
GRBs out of more than 3800 well-localized GRBs observed in the same timeframe [25,26]),
we indeed found a candidate source: GRB090401B [27,28], whose remarkable directional
agreement with 230213A is characterized visually in Figure 2. GRB090401B was produced
by the collapse of a massive star at redshift 3.1 [27,28] and was observed about 4.38 x
108 s (about 14 years) earlier than the 230213A neutrino. The significance of this finding
can be quantified by computing the associated probability of chance alignment, i.e., the
probability that 230213A and an unrelated known-redshift GRB happen to be observed in
such a directional agreement as shown in Figure 2. By appropriately simulating the GRB
background, one finds [24] that the probability of chance alignment is 5.5%, corresponding
to a 1.9¢ significance in Gaussian statistics.

KM3-230213A o
R(68%)

R(90%) 273
T R(99%)
. GRB090401B ¢

\

Latitude [deg]

P

Figure 2. An assessment in galactic coordinates of the directional compatibility between GRB090401B
and 230213A. On the left, the dots represent GRBs of known redshift and the red circle reflects
the experimental information on the direction of 230213A [1] (the dot inside the red circle is for
GRB(090401B). The right side quantifies visually the directional compatibility between GRB090401B
and 230213A.

Having found a candidate GRB source with the expected properties, we took the next
natural step of checking how well the GRB090401B-230213A pair fits in the specific in
vacuo dispersion scenario emerging from our previous analysis of lower-energy IceCube
neutrinos, summarized in Figure 1. Our findings on this aspect are visualized in Figure 3,
which clearly shows that a GRB090401B origin for the 230213A neutrino is definitely a
possibility if the in vacuo dispersion scale Mg is of order 0.1Mp. To substantiate this visual
intuition, we quantified the agreement of the GRB090401B-230213A pair with our previous

https://doi.org/10.3390/ timespace2010002


https://doi.org/10.3390/timespace2010002

Time Space 2026, 2, 2

6 0f 8

time-energy search window (see ref. [24] for details) and recomputed the probability of
chance alignment with the additional requirement that the GRB-230213A pair is found in a
comparable agreement with the gray band. The resulting value of 1.5% (2.4¢ in Gaussian
statistics) [24] considerably improves on the purely directional significance found above,
meaning that, despite the large energy uncertainty associated with the 230213A neutrino
(well visible in Figure 3), its level of consistency with our previous analysis is not typical.
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Figure 3. Here At* and the gray band are defined as in Figure 1. The four lower-energy (blue) data
points, already shown in Figure 1, represent the GRB-neutrino candidates highlighted in ref. [23].
The (red) data point with the highest energy represents the pair composed of GRB090401B and the
230213A neutrino.

As hinted at at the end of Section 3, it would be desirable to include the GRB090401B-
230213A pair as a fifth GRB-neutrino candidate in the analysis reported in ref. [23], so
as to strengthen our preliminary evidence of in vacuo dispersion. Unfortunately, we are
presently unable to attribute an overall significance to the five data points in Figure 3,
because, as already stressed above, the statistical approach we introduced in ref. [23] is only
applicable to data points with a small energy uncertainty, i.e., to shower-event neutrinos,
whereas 230213A is a track-event neutrino with a very large energy uncertainty.

Work aimed at consistently estimating the statistical significance of a sample com-
prising both shower-event and track-event GRB-neutrino candidates should evidently be
a priority for this research program. That new methodology will be a crucial step for
empowering in vacuo dispersion studies, especially when a few other ultra-high-energy
track-event neutrinos like 230213A are observed. In this respect, there is a particularly
amusing hypothetical scenario that can be contemplated, which would provide very strong
evidence of in vacuo dispersion: the observation within a few years of a neutrino with
energy 20% or 30% higher than 230213A and direction once again compatible with the
direction of GRB090401B.

5. Conclusions

Only time will tell if additional neutrino observations can transform the very prelimi-
nary evidence here reported into a groundbreaking discovery. Even setting aside that most
optimistic scenario, it is clear that the observation of the 230213A neutrino, since it marks
the onset of a much higher energy window for neutrino astrophysics, will completely
reshape the horizon of investigations of quantum-gravity-induced in vacuo dispersion for
neutrinos. This is not a new research area, but it had been dormant for a long time: the
current bound on in vacuo dispersion for neutrinos is still based on the historic observation
of neutrinos from the SN1987a supernova and only amounts to Mg > 2.7 X 107 TeV [29].
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Instead, limits on in vacuo dispersion for photons have been progressing at a steady pace,
especially over the last 15 years (see, e.g., ref. [5] and references therein). The mismatch
between the in vacuo dispersion sensitivities achieved so far for photons and neutrinos is
particularly significant in light of the fact that there are quantum-spacetime models pre-
dicting very different in vacuo dispersion properties for photons and neutrinos [2,3,8,30].
The advent of the astrophysics of ultra-high-energy neutrinos, like 230213A, will surely
have a very positive impact on this issue: if no discovery is made, the bound on in vacuo
dispersion for neutrinos could be improved by more than 12 orders of magnitude, since,
for example, for a neutrino of energy 10° TeV from a GRB at a typical redshift of 2, one
could probe up to Mg ~ 10% TeV.

Author Contributions: Conceptualization, G.A.-C., G.D., G.F, D.F, G.G., AM. and G.R.; Methodol-
ogy, G.A-C, G.D., G.F,DF, G.G.,, AM. and G.R,; Formal analysis, G.A.-C., G.D.,GF, D.E, GG,
AM. and G.R;; Investigation, G.A.-C., G.D., G.F, D.E, G.G., AM. and G.R.; Writing-original draft
preparation, G.A.-C., G.D,, G.F, D.E, G.G., AM. and G.R; Writing-review and editing, G.A.-C.,
G.D, GE, DF, G.G, AM. and G.R; Visualization, G.F,, D.F., AM.; Supervision, G.A.-C. All au-
thors contributed equally to this work. All authors have read and agreed to the published version
of the manuscript.

Funding: G.F.’s work on this project was supported by “The Foundation Blanceflor”. G.D.’s work on
this project was supported by the Beatriu de Pinos program (BP 2023).

Data Availability Statement: No new data were created, we used data announced in refs. [1,19]

Acknowledgments: Work on this manuscript was diluted over several months and benefited from
valuable conversations with several colleagues. In particular, an early version of the manuscript,
with the full content of Section 2 and part of the content of Sections 3 and 4, was shown in March
2025 to Fedele Lizzi and Lorenzo Marrucci, and in July 2025 the content of Sections 3 and 4 was
presented at the meetings “BridgeQG 2025” (Paris, France) and “A quantum of noncommutativity”
(Ambleside, UK). This work also benefited from the activities of the European Union COST Action
CA23130 “Bridging high and low energies in search of quantum gravity”.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Aiello, S.; Albert, A.; Alhebsi, A.R.; Alshamsi, M.; Garre, S.A.; Ambrosone, A.; Ameli, F; Andre, M.; Anghinolfi, M.; Aphecetche,
L.; et al. Observation of an ultra-high-energy cosmic neutrino with KM3NeT. Nature 2025, 638, 376-382.

2. Alfaro, J.; Morales-Tecotl, H.A ; Urrutia, L.F. Quantum gravity corrections to neutrino propagation. Phys. Rev. Lett. 2000, 84, 2318.
[CrossRef] [PubMed]

3. Sahlmann, H.; Thiemann, T. Towards the QFT on curved space-time limit of QGR. 1. A General scheme. Class. Quant. Grav. 2006,
23, 867-908. [CrossRef]

4. Amelino-Camelia, G.; Majid, S. Waves on noncommutative space-time and gamma-ray bursts. Int. . Mod. Phys. A 2000, 15,
4301-4323. [CrossRef]

5. Addazi, A.; Alvarez-Muniz, J.; Batista, R.A.; Amelino-Camelia, G.; Antonelli, V.; Arzano, M.; Asorey, M.; Atteia, ].L.; Bahamonde,
S.; Bajardi, F; et al. Quantum gravity phenomenology at the dawn of the multi-messenger era—A review. Prog. Part. Nucl. Phys.
2022, 125, 103948. [CrossRef]

6.  Amelino-Camelia, G.; Ellis, ].R.; Mavromatos, N.E.; Nanopoulos, D.V,; Sarkar, S. Tests of quantum gravity from observations of
gamma-ray bursts. Nature 1998, 393, 763-765. [CrossRef]

7. Gambini, R,; Pullin, J. Nonstandard optics from quantum space-time. Phys. Rev. D 1999, 59, 124021. [CrossRef]

8. Myers, R.C.; Pospelov, M. Ultraviolet modifications of dispersion relations in effective field theory. Phys. Rev. Lett. 2003, 90,
211601. [CrossRef]

9.  Jacob, U,; Piran, T. Neutrinos from gamma-ray bursts as a tool to explore quantum-gravity-induced Lorentz violation. Nat. Phys.

2007, 3, 87-90. [CrossRef]

https://doi.org/10.3390/ timespace2010002


http://dx.doi.org/10.1103/PhysRevLett.84.2318
http://www.ncbi.nlm.nih.gov/pubmed/11018874
http://dx.doi.org/10.1088/0264-9381/23/3/019
http://dx.doi.org/10.1142/S0217751X00002779
http://dx.doi.org/10.1016/j.ppnp.2022.103948
http://dx.doi.org/10.1038/31647
http://dx.doi.org/10.1103/PhysRevD.59.124021
http://dx.doi.org/10.1103/PhysRevLett.90.211601
http://dx.doi.org/10.1038/nphys506
https://doi.org/10.3390/timespace2010002

Time Space 2026, 2, 2 80f8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.
26.
27.

28.

29.

30.

Batista, R.A.; Amelino-Camelia, G.; Boncioli, D.; Carmona, ].M.; di Matteo, A.; Gubitosi, G.; Lobo, I.; Mavromatos, N.E.; Pfeifer,
C.; Rubiera-Garcia, D.; et al. White paper and roadmap for quantum gravity phenomenology in the multi-messenger era. Class.
Quant. Grav. 2025, 42, 032001. [CrossRef]

Gardner, S.; Latimer, D.C. Dark Matter Constraints from a Cosmic Index of Refraction. Phys. Rev. D 2010, 82, 063506. [CrossRef]
Rodriguez Martinez, M.; Piran, T. Constraining Lorentz violations with gamma-ray bursts. J. Cosmol. Astropart. Phys. 2006, 4, 006.
[CrossRef]

Jacob, U.; Piran, T. Lorentz-violation-induced arrival delays of cosmological particles. J. Cosmol. Astropart. Phys. 2008, 1, 031.
[CrossRef]

Aghanim, N.; Akrami, Y.; Ashdown, M.; Aumont, J.; Baccigalupi, C.; Ballardini, M.; Banday, A.].; Barreiro, R.B.; Bartolo, N.; Basak,
S.; et al. Planck 2018 results. VI. Cosmological parameters. Astron. Astrophys. 2020, 641, A6.

Brieden, S.; Gil-Marin, H.; Verde, L. Model-agnostic interpretation of 10 billion years of cosmic evolution traced by BOSS and
eBOSS data. J. Cosmol. Astropart. Phys. 2022, 8, 024. [CrossRef]

Li, S.W.; Machado, P.; Naredo-Tuero, D.; Schwemberger, T. Clash of the Titans: Ultra-high energy KM3NeT event versus IceCube
data. arXiv 2025, arXiv:2502.04508.

KM3NeT Collaboration; MessMapp Group; Fermi-LAT Collaboration; Owens Valley Radio Observatory 40-m Telescope Group;
SVOM Collaboration; Baldini, P.; Buchner, J.; Erkenov, A K.; Globus, N.; Merloni, A.; et al. Characterising Candidate Blazar
Counterparts of the Ultra-High-Energy Event KM3-230213A. arXiv 2025, arXiv:2502.08484.

Neronov, A.; Oikonomou, F.; Semikoz, D. KM3-230213A: An Ultra-High Energy Neutrino from a Year-Long Astrophysical
Transient. arXiv 2025, arXiv:2502.12986.

Abbasi, R.; Ackermann, M.; Adams, J.; Aguilar, A.; Ahlers, M.; Ahrens, M.; Alispach, C.; Alves, A,, Jr.; Amin, M.; Andeen, K; et al.
The IceCube high-energy starting event sample: Description and flux characterization with 7.5 years of data. Phys. Rev. D 2021,
104, 022002. [CrossRef]

IceCube Collaboration; Aartsen, M.; Ackermann, M.; Adams, J.; Aguilar, J.A.; Ahlers, M.; Ahrens, M.; Al Sama-rai, I.; Altmann,
D.; Andeen, K; et al. Neutrino emission from the direction of the blazar TXS 0506+056 prior to the IceCube-170922A alert. Science
2018, 361, 147-151.

Guetta, D.; Hooper, D.; Alvarez-Muniz, J.; Halzen, F.; Reuveni, E. Neutrinos from individual gamma-ray bursts in the BATSE
catalog. Astropart. Phys. 2004, 20, 429-455. [CrossRef]

Amelino-Camelia, G.; Di Luca, M.G.; Gubitosi, G.; Rosati, G.; D’Amico, G. Could quantum gravity slow down neutrinos? Nat.
Astron. 2023, 7,996. [CrossRef]

Amelino-Camelia, G.; D’Amico, G.; D’Esposito, V.; Fabiano, G.; Frattulillo, D.; Gubitosi, G.; Guetta, D.; Moia, A.; Rosati, G.
Redshift leverage for the search of GRB neutrinos affected by quantum properties of spacetime. J. Cosmol. Astropart. Phys. 2026,
2,035. [CrossRef]

Amelino-Camelia, G.; D’Amico, G.; Fabiano, G.; Frattulillo, D.; Gubitosi, G.; Moia, A.; Rosati, G. On testing in-vacuo dispersion
with the most energetic neutrinos: KM3-230213A case study. Phys. Lett. B 2025, 868, 139764 [CrossRef]

Coppin, P. GRBweb. Available online: https://icecube.wisc.edu/~grbweb_public (accessed on 30 November 2025).

Greiner, J. Available online: https://www.mpe.mpg.de/~jcg/grbgen.html (accessed on 30 November 2025).

Schady, P.; Oates, S.R. GCN Circular 9067. Available online: https://gcn.nasa.gov/circulars/9067 (accessed on 30 November
2025).

Oates, S.R.; Page, M.].; De Pasquale, M.; Schady, P; Breeveld, A.A.; Holland, S.T.; Kuin, N.PM.; Marshall, FE. A correlation
between the intrinsic brightness and average decay rate of Swift/UVOT gamma-ray burst optical /ultraviolet light curves. Mon.
Not. Roy. Astron. Soc. Lett. 2012, 426, L86. [CrossRef]

Ellis, ].R.; Harries, N.; Meregaglia, A.; Rubbia, A.; Sakharov, A. Probes of Lorentz Violation in Neutrino Propagation. Phys. Rev. D
2008, 78, 033013. [CrossRef]

Mattingly, D. Modern tests of Lorentz invariance. Living Rev. Relativ. 2005, 8, 5. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ timespace2010002


http://dx.doi.org/10.1088/1361-6382/ad605a
http://dx.doi.org/10.1103/PhysRevD.82.063506
http://dx.doi.org/10.1088/1475-7516/2006/04/006
http://dx.doi.org/10.1088/1475-7516/2008/01/031
http://dx.doi.org/10.1088/1475-7516/2022/08/024
http://dx.doi.org/10.1103/PhysRevD.104.022002
http://dx.doi.org/10.1016/S0927-6505(03)00211-1
http://dx.doi.org/10.1038/s41550-023-01993-z
http://dx.doi.org/10.1088/1475-7516/2026/02/035
http://dx.doi.org/10.1016/j.physletb.2025.139764
https://icecube.wisc.edu/~grbweb_public
https://www.mpe.mpg.de/~jcg/grbgen.html
https://gcn.nasa.gov/circulars/9067
http://dx.doi.org/10.1111/j.1745-3933.2012.01331.x
http://dx.doi.org/10.1103/PhysRevD.78.033013
http://dx.doi.org/10.12942/lrr-2005-5
http://www.ncbi.nlm.nih.gov/pubmed/28163649
https://doi.org/10.3390/timespace2010002

	Introduction
	Rest-Frame Description of the 230213A Observation
	The Origin of 230213A, the GRB-Neutrino Puzzle, and In Vacuo Dispersion
	In Vacuo Dispersion at the Highest Energies: A GRB Source for 230213A
	Conclusions
	References

