
An important point is that, as far as time-of-flight experi-
ments are concerned, the NLSB and DSR scenarios can
produce exactly the same leading-order effects. Thus, to
distinguish them one must take into account experiments
where either one or both of the modifications in trans-
formation laws and energy-momentum conservation arise,
since these are modified in DSR, but not in NLSB.
Observations where this is the case are tests of threshold
effects such as the GZK threshold predicted [5] for cosmic-
ray protons from their scattering off the cosmological
microwave background. Similar predictions [6] hold for
infrared photons scattering off of the infrared background.
Because DSR maintains the principle of relativity of iner-
tial frames, the interactions involved can always be eval-
uated in the center-of-mass frame, where the energies
coming into the deformations from special relativity are
smaller. Consequently, DSR makes, up to unobservably
small corrections [11], the same predictions for threshold
experiments as ordinary special relativity. However, both
Lorentz symmetry breaking scenarios, NLSB and LSB-
EFT, predict, for suitable choices of parameters, sizable
modifications to these thresholds.

To the extent that recent observations by Auger confirm
the standard special relativistic predictions for the GZK
cutoff, the Lorentz symmetry breaking scenarios are dis-
favored, while the DSR scenario remains unaffected. The
only reservation might be that the GZK analysis applies to
protons, and as this is the only significant constraint for the
NLSB scenario, it is experimentally possible that the pho-
ton and proton dispersions are governed by independent
parameters.

III. FIRST OBSERVATIONS FROM FERMI
RELEVANT FOR QUANTUM GRAVITY

PHENOMENOLOGY

At present there are reports [15–17] of !200 GRBs ob-
served at low energies by Fermi’s Gamma-ray Burst Moni-
tor (GBM), and for eight of these GRBs there are reports of
associated observations by Fermi’s Large Area Telescope
(LAT), with photons with energies on the order of or
greater than 1 GeV. With the exception of GRB080916C,
which was thoroughly described in Ref. [15], most of the
information on these bursts is presently only publicly
available in resources, such as GCNs, that are not custom-
arily in use in the quantum gravity community, which is
part of the target readership of this paper. Hence, for the
convenience of theorists we summarize in Appendix A the
information publicly available [15–17,50–60] on these
eight GRBs. We also summarize the information in Table I.

A. Discussion of features of the bursts

It is clear from the above table that there is a growing
wealth of information being gathered by Fermi which will
be relevant for testing the quantum gravity phenomeno-
logical scenarios we discussed above. It would be prema-

ture to draw rigorous conclusions at this stage, before most
of the data have been analyzed and the results published by
the Fermi Collaboration. Our aim here is not to compete
with the work of observers; instead we want only to draw
attention to the potential inherent in what is publicly
known about the growing catalogue of events to resolve a
question at the heart of fundamental theoretical research.
To this end we now briefly discuss some first conclusions
which can be drawn from the public reports of these events.

1. GRB080916C

Let us start by briefly summarizing the observation of
GRB080916C, as reported by the Fermi Collaboration in
Ref. [15]. For GRB080916C Fermi detected [15] !200
high-energy (> 100 MeV) photons, allowing time-
resolved spectral studies. And there was a significant delay
of ’ 4:5 s between the onset of>100 MeV and!100 keV
radiation. The most energetic photon, with an energy of "
13:2 GeV, was detected by the LAT 16.5 s after the GBM
trigger. Also noteworthy is the fact that the time-resolved
spectra for GRB080916C are well fitted [15,61] by an
empirical broken-power-law function (the so-called Band
function [62]) in the entire energy range, from 8 keV to
!10 GeV, leading to the conjecture that a single emission
mechanismmight have to describe what has been seen over
this broad range of energies. Moreover, the >100 MeV
emission lasts at least 1400 s, while photons with
<100 MeV are not detected past 200 s. And for us it is
particularly significant that the time when the >100 MeV
emission is detected ( ’ 4:5 s after the first<5 MeV pulse)
roughly coincides with the onset of a second <5 MeV
pulse, but most of the emission in this second
(½<5 MeV$ % ½>100 MeV$) pulse shifts [63] towards later
times as higher energies are considered.

2. GRB081024B and GRB090510

Information that is somewhat complementary to the
information provided by GRB080916C could come from

TABLE I. GRBs seen by Fermi LAT with photon energies *
1 GeV. tLATi is the time after the initial burst that high-energy
photons seen by the LAT begin. tLATf is the time after the initial

burst that the high-energy signals extend to. For references see
the Appendix.

GRB Redshift Duration countsjLAT Emax tLATi tLATf

080916C 4.35 Long Strong 13 GeV 4.5 s >103 s
081024B Short 3 GeV 0.2 s
090510 0.9 Short Strong >1 GeV <1 s * 60 s
090328 0.7 Long >1 GeV " 900 s
090323 4 Long Strong >1 GeV >103 s
090217 Long !1 s " 20 s
080825C Long Weak 0.6 GeV 3 s >40 s
081215A Weak 0.2 GeV
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