
(c2/df = 36/19 for a single power law, 16/17 for
a broken power law). In contrast, a break is not
statistically preferred in the energy flux light curve
(c2/df = 14/18 for a single power law, 13/17 for a
broken power law), probably because of the larger
statistical uncertainties. For a single power-law fit
to the energy flux light curve, we found a temporal
index of –1.17 T 0.06, consistent with other LAT
bursts (13).

The GBM and Swift energy flux light curves
are also shown in Fig. 2. The Swift X-Ray Tele-
scope (XRT) began observing the burst at T0 +
190 s; the reported XRT + BAT (0.3 to 10 keV)
light curve is a combination of XRT data and
BAT-detected emission (15 to 150 keV) extrapo-
lated down into the energy range of the XRT. The
XRT + BAT light curve shows the unabsorbed
flux in the range 0.3 to 10 keV (7). During the
initial part of the burst, the GBM (10 keV to
10 MeV) light curve peaks earlier than both the
XRT+BAT (0.3 to 10 keV) and LAT (>100MeV)

light curves. The GBM light curve peaks again at
~ T0 + 120 s [see also (7)], whereas the LAT light
curve shows a sharp and hard peak at T0 + 200 s.
The BAT + XRT light curve peaks again as well
at the same time as the LAT light curve, but the
peak is much broader.

Interpretation
The energetics of GRB 130427A place it among
the brightest LAT bursts. For GRB 130427A, the
fluence at 10 keV to 20 MeV measured with
the GBM in the 400 s following T0 is ~4.2 ×
10–3 ergs cm–2. The issue with pulse pile-up and
the uncertainties in the calibration of the GBM
detectors contribute to a systematic error that we
estimate to be less than 20%; the statistical un-
certainty [0.01 × 10–3 ergs cm–2] is negligible with
respect to the systematic one (17). The fluence at
>100 MeV measured with the LAT in the 100 ks
following T0 is 7 (T1) × 10–4 ergs cm–2. The total
LAT fluence is therefore ~20% of the GBM flu-

ence, similar to other bright LAT GRBs (13, 19).
For a total fluence at 10 keV to 100 GeVof 4.9 ×
10–3 ergs cm–2, the total apparent isotropic g-ray
energy (i.e., the total energy release if there were
no beaming) is Eg,iso = 1.40 × 1054 ergs, using a
flat LCDM cosmology with reduced Hubble
constant h = 0.71 and dark energy density WL =
0.73; this value implies a luminosity distance of
1.8 Gpc for z = 0.34. This value of Eg,iso is only
slightly less than the values for other bright LAT
hyperenergetic events, which includeGRB 080916C,
GRB 090902B, and GRB 090926A (19).

The emission regionmust be transparent against
absorption by photon-photon pair production,
which has a significant effect at the energies of
theLAT-detected emission.Viablemodels ofGRBs
therefore require highly relativistic, jetted plasma
outflows with bulk jet Lorentz factors G greater
than ~100 (20). The 73-GeV photon at T0 + 19 s
(table S2) provides the most stringent limit on
G. Assuming that the variability time scale re-

Fig. 1. Light curves for the Fermi-GBM and LAT detectors
during the brightest part of the emission in 0.064-s bins,
divided into five energy ranges. The NaI and BGO light curves were
created from a type of GBM data (continuous time or CTIME) that does
not suffer from saturation effects induced by the extreme brightness of

this GRB (17); for these light curves, we used NaI detectors 6, 9, and 10,
and BGO detector 1. The open circles in the bottom panel represent the
individual LAT “transient” class photons and their energies; the solid
circles indicate photons with a >0.9 probability of being associated with
this burst (17).
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