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Observations of Gamma-Ray Bursts with the Fermi Large Area Telescope have prompted the-
oretical advances and posed big challenges. The first Fermi/LAT GRB catalog, based on 35
detections collected in the first 3 years of observations, established many interesting features and
opened new questions. The record-breaking GRB 130427A took the challenge even further, un-
derlining even more the need for new theoretical developments. After a brief review of the main
results, we present a new detection algorithm that is 40% more efficient than the previous one:
with this procedure, as well as a new and improved event analysis ("Pass 8"), the Fermi/LAT
now detects more than 100 GRBs in the first 6.5 years of observations. The characterization of
this sample is ongoing. In addition, we are developing a blind search algorithm aimed to detect
short-duration transients (< 3 hours). We briefly describe such development and its high potential
for discoveries.
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1. Introduction

Fermi/LAT observations are uncovering new and unexpected properties of the high-energy
emission from Gamma-Ray Bursts (GRBs) shedding light on their physical mechanisms, such as
particle acceleration and emission processes in ultra-relativistic jets. The first LAT GRB catalog [1]
contained 35 bursts, among which 28 have been detected above 100 MeV with the standard like-
lihood analysis and 7 with the LAT Low-Energy technique (LLE). It established new high-energy
features of GRBs, namely:

• Additional power-law component during the prompt emission: the prompt emission spec-
trum of most GRBs has been successfully described in the past with the Band function [2].
In many bright GRBs observed by the LAT an additional power-law component is required
to account for high-energy data.

• Delayed onset: the emission above 100 MeV is systematically delayed with respect to the
low-energy emission seen in the keV–MeV energy range.

• Extended duration: the emission above 100 MeV is also systematically longer than the keV–
MeV prompt emission. The luminosity above 100 MeV decreases smoothly with time as t−1,
pointing to a different physical origin with respect to the highly variable and spiky prompt
emission.

Early afterglow models [3, 4] could explain the observed temporal decay, the delayed onset as the
outflow deceleration time scale, and the apparent lack of variability in most LAT-detected GRBs.
Hadronic models could explain these features as well: the onset delay could be the time to pro-
duce electromagnetic cascades [5, 6, 7] or the time required to accelerate, accumulate, and cool
down relativistic protons via synchrotron emission in a very strong magnetic field [8]. Furthermore,
energy-dependent delays would be expected in proton-synchrotron models where the cooling break
shifts to lower energies at later times. On the other hand, we have analyzed the record-breaking
GRB 130427A finding that, while several features of the “prompt” emission are in agreement with
some internal-shocks models, other key details such as the estimated Lorentz factors for the collid-
ing shells contradict expectations, possibly calling for different scenarios [9]. Also, the maximum
energy of the photons in conjunction with a featureless high-energy light curve rules out both syn-
chrotron and Synchrotron Self Compton from Fermi-accelerated particles as emission mechanism,
a radical departure from the standard external-shock model for the LAT emission [10]. New ob-
servations and insights are hence needed to foster further theoretical developments and overcome
these difficulties.

Our new specialized analysis described in Sect. 2 allows the detection of faint high-energy
GRB counterparts, increasing the efficiency of detection by more than 50% and, when used in
conjuction with the new “Pass 8” event selection, yielding more than 100 bursts over the time span
of the Fermi mission. The analysis and characterization of this new sample is in progress. When
completed, it will provide the needed new insights. In particular, we will be able to settle some
open questions which we could not firmly establish in the first catalog due to the limited statistics:

• The existence of a separate population of hyper-energetic events, characterized by a ratio
between high- and low-energy fluence much larger than the others.
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• The high-energy emission for all but 2 GRBs in the sample decays as t−1 at late times, which
in the context of the fireball model favors an adiabatic expansion. The other two GRBs
instead decay as expected from a radiative regime (t−1.5) [11, 12], but they suffered from
less-than-optimal observing conditions. Is there a class of truly radiative fireballs?

• One of the GRBs in the sample presented a high-energy cutoff in the extra power-law com-
ponent, while another one in the low-energy Band component. How common are spectral
cutoffs? Do bursts with a cutoff have any other peculiar feature?

Analyzing the new enlarged sample will answer these questions, and will uncover new fea-
tures.

2. New triggered search for Gamma-Ray Bursts

Before the launch of Fermi it was estimated that the LAT would have observed 10-12 GRBs/year
above 100 MeV and 6-8 above 1 GeV [13]. During the first 3 years, however, observations were
slightly below such expectations [1, 14]. Recently we developed a new search algorithm for GRBs,
which is now up and running 24/7. It provides 45% more detections than the algorithm used for
the catalog when using Pass 7 data, and 60% more when using the newly-developed Pass 8 data.
This improvement was achieved exploiting the results of the first LAT GRB catalog, presented in
Sect. 1. The new algorithm consists of 10 searches running in parallel over time intervals logarith-
mically spaced from the trigger time up to 10 ks post-trigger. For each of these time intervals, the
steps of the new algorithm are the following:

1. A trigger is received either in real-time through the GCN system1 or during an off-line analy-
sis. In real-time most of the triggers come from the Fermi Gamma-ray Burst Monitor (GBM),
although also triggers from Swift, INTEGRAL and other space observatories are received and
processed.

2. If the trigger comes from the GBM, a “finding map” is produced to account for the position
uncertainty. It has been recently reported that the GBM localizes GRBs with a systematic
error of up to 15◦ [15]. Since this systematic error dominates over the statistical one, we
always use finding maps of 30× 30 deg. The finding map is essentially a TS map similar
to the one produced by the tool gttsmap. Indeed, a grid in equatorial coordinates and with a
spacing of 0.7 deg is created covering the finding map. For each point on the grid, a likelihood
analysis is performed and computes the TS of a new source at that position. Points in the
grid having less than 3 photons within 10 deg are not considered. This avoids running a
likelihood analysis, which is computing-intensive, in regions of the finding map where there
is no possibility of detecting a new point source. When all points have been processed,
the maximum of the TS in the map is considered as the best guess for the position of the
new transient, and marked for further analysis. Note that if the trigger comes from Swift or
INTEGRAL, this step is not executed, since their localization errors are much smaller than
the typical size of the LAT PSF.

1Gamma-Ray Coordinate Network, http://gcn.gsfc.nasa.gov/
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3. The position of the candidate transient is optimized with the tool gtfindsrc.

4. A new likelihood analysis is performed on the best position found. If the TS from this final
analysis is above a certain threshold, we consider it a new detection.

5. If running in real time, the results from the analysis are used by Burst Advocates to dissemi-
nate alerts to the community through GCNs.

In all likelihood analyses involved in the sequence described above, the likelihood model con-
sists of the Galactic template and the Isotropic template provided by the Fermi collaboration, plus
all point sources from the 3FGL source catalog [16]. While the normalization of the two templates
are left free to vary, all parameters for the 3FGL sources are kept fixed. If the algorithm finds a
new candidate source with a position compatible with one of the 3FGL sources, further analysis
are performed manually to distinguish between real transients and other phenomena such as AGN
flares. The algorithm does indeed trigger on flaring sources, which are also found by other real-time
algorithms such as ASP [13] and FAVA [17].

The procedure involves a certain number of trials, which might appear large. However, all
the time windows are overlapping and involve the same region on the sky, therefore these trials
are not independent at all, with many photons present in many of the time windows. Thus, the
effective number of trials is rather small. While the evaluation of the trial factor is still in progress,
preliminary simulations indicate that a 5σ detection corresponds to TS∼ 28.

A first run of the new algorithm on ∼ 5 years of Pass 8 data returned 86 detections. Adding
the ∼ 20 LLE-only detections, we have already reached the milestone of 100 LAT-detected GRBs.
Given the current rate of detections we also expect to exceed 100 likelihood detections within
the year, which significantly exceeds pre-launch expectations. As expected, the new detections
populate the lower part of the fluence distribution (Fig. 1), demonstrating that the new algorithm
and “Pass 8” improve the sensitivity of the search.

3. New blind search for transients

The current picture of GRBs admits the possibility of a high-energy signal in absence of
a low-energy counterpart. Orphan high-energy detections could be expected from very high-
redshift GRBs, such as those from population III stars [18] which are too faint to trigger the GBM,
or from GRBs whose jets point away from the Earth, but becomes visible during the afterglow
phase as the fireball decelerates. We therefore have developed and implemented a new blind-
search analysis. While blind-search algorithms have been running since the launch of Fermi [13],
they are not optimized for short and relatively faint transients, and indeed they do not trigger on
GRBs except for exceptionally bright ones. Our new analysis focuses on time scales shorter than 6
hours, and it covers a region of the parameter space left unexplored up to now. This new analysis
allows the detection of short and faint transients, to which current algorithms are not sensitive
to (Fig. 2). In addition to GRBs, primordial black holes (PBHs) with a mass around 5× 1014

g and temperatures around 50-500 GeV are expected to produce a burst of photons in the LAT
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Figure 1: Left panel: low-energy fluence distribution for the whole GBM sample (upper panel) and for the
sample detected with the new algorithm in LAT data (lower panel). Right panel: similar plot from the first
LAT GRB catalog [1]. The blue dashed line marks the region where most of the new detections lie, showing
the increased sensitivity of the new algorithm with respect to the old one.

energy range with a duration smaller than one hour2. Unlocking a new region in the parameter
space opens also the possibility for unexpected new discoveries, as it recently happened with the
extra-galactic Fast Radio Transients [19].

Figure 2: Duration vs. fluence from the LAT GRB catalog [1]. Among all these GRBs found by the
triggered search, existing blind searches (ASP [13] and FAVA [17]) have triggered only on the 4 brightest.
Our blind search instead triggered even on the faint GRB 090217 (in green), and it is indeed exploring an
uncharted discovery space.

The new algorithm considers the data in chunks of 24 hours, and divides the sky in 1712

2See for example http://fermi.gsfc.nasa.gov/science/mtgs/symposia/2014/program/16_MacGibbon.pdf and refer-
ences therein
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overlapping circular regions with a radius of 5.2◦3, shifted by half radius. For each region we run
a modified version of the Bayesian Blocks algorithm [20]. The standard BB algorithm (sBB) finds
time intervals with perceptively constant count rates, without any assumption about their duration.
Since the LAT operates nominally in survey mode, the count rate in each region is continuously
changing due to the change in exposure, and the sBB algorithm finds many time intervals following
such variations. Instead, our modified version (mBB) takes into account the variable exposure, and

Figure 3: Simulation of a transient (green line) over a time-varying background (blue line). The standard
Bayesian Block algorithm finds many intervals (left panel, dashed lines) following the variations in the
background, and misses the transient. The modified BB algorithm (right panel) finds only the transient.

finds statistically significant excesses over the background. This is illustrated through a simulation
in Fig.3. Practically we estimate the background rate by convolving the time-varying exposure with
the information in the LAT source catalog and in the templates for the diffuse emission [16]. After
running mBB on all the regions, we run a normal likelihood analysis on the candidates having a
high statistical significance. Running the algorithm on the first 6 months of Pass 7 data4 we detected
several excesses with duration from less than a second to several thousand seconds. In particular we
found almost all GRBs already seen with the triggered analysis, both long and short, plus several
known flares from AGNs. This confirms that the algorithm is working very well and is indeed
time-scale-agnostic. In particular, the detection of the relatively faint GRB 090217 confirms that
we are exploring a region in the parameter space inaccessible by the existing algorithms (Fig. 2).
In conclusion, with this new algorithm coming online we are about to open a new discovery region
for short-duration transients.
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