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Figure 3. Background-subtracted BGO count spectrum accumulated between
00:55:40 and 00:56:30 UT. The spectrum has been fit by a simple power law
(blue histogram) and a flatter power law with exponential cutoff (light green
histogram) to model bremsstrahlung by electrons (see the text), and with a
nuclear de-excitation component (purple) plus 0.511 and 2.223 MeV lines
(dashed and dark green), and a pion-decay (orange) component.
(A color version of this figure is available in the online journal.)

will have the great majority of their exposure at much smaller
inclination angles.

In Figure 2(c), we plot the background-subtracted distribution
observed during the flare. There appears to be significant γ -ray
emission consistent with the reconstructed position of the Sun
up to energies of ∼400 MeV. We have confirmed the observed
6◦ shift in the position of the centroid from the solar position
using a Monte Carlo study. Using the shift and identifying a
<20◦ acceptance angle (dashed curve in the figure) for LLE
events >30 MeV maximizes the signal/background. Events that
meet these criteria make up the LLE rate (black curve) plotted
in Figure 1(c). The overall rate decreased, especially after
01:00 UT because the defined aperture approached the exclusion
region near Earth’s limb and many events were consequently
rejected. The >30 MeV LLE time profile during the flare is
similar to the 100–300 keV NaI time history.

4.1. GBM Spectroscopic Studies

In order to obtain background-subtracted spectra, we used
GBM/BGO spectra accumulated just before the flare and after
4 minutes following the flare for background in order to
avoid times when there was significant 15–50 keV hard X-ray
emission. The background-subtracted GBM counts spectrum
accumulated over a 50 s period (00:55:40-00:56:30 UT) during
the impulsive phase of the flare is shown in Figure 3. Although
the flare was relatively weak and the BGO detector has only
moderate energy resolution, line features are clearly evident in
the spectrum.

The spectrum has been fit with a photon model consisting of
several components. We find that the electron-bremsstrahlung
component has the shape of power law at low energies that
hardens above several hundred keV and then rolls over in
the MeV range. In this paper, we fit the bremsstrahlung spectrum
with the sum of a low-energy power law and a flat power law
with exponential cutoff in the MeV range (blue and light green

Table 1
Best-fitting Spectral Parameters

Parameter Value

PL1 fluence at 300 keV 2.85 ± 0.1 γ cm−2 keV−1

PL1 index 3.31 ± 0.09
PL2 fluence at 300 keV 0.08 ± 0.02 γ cm−2 keV−1

PL2 index !1.2
PL2 Exponential Energy 2400 ± 800 keV
0.511 MeV line fluencea 11.3 ± 2.5 γ cm−2

2.223 MeV line fluencea 21.3 ± 2.0 γ cm−2

Nuclear line fluence 23.5 ± 2.5 γ cm−2

Pion-decay fluence (GBM) > 200 keV 1.5 ± 2.5 γ cm−2

Pion-decay fluence (LATb) > 200 keV 0.62 ± 0.07 γ cm−2

Pion-decay fluence (LAT) > 100 MeV 0.13 ± 0.015 γ cm−2

PL3 fluence at 30 MeV (9.2 ± 2.0) ×10−6 γ cm−2 keV−1

PL3 index 1.9 ± 0.2

Notes.
a Integrated from 00:55:40 to 00:59:50 UT.
b Computed by extrapolating to low energies the model that best fits LAT data.

curves, respectively, in Figure 3). Such a complex shape has
been observed before in the spectra of several flares detected by
SMM and RHESSI (G. H. Share & R. J. Murphy, in preparation).
McTiernan & Petrosian (1990) have found that the magnitude
of the hardening above a few hundred keV observed in some
flares is larger than that expected for an electron spectrum
following a single power law. Rieger & Marschhäuser (1991)
describe flattening in the MeV range followed by rollovers above
several tens of MeV in the spectra of some flares. Such features
cannot be explained by transport effects alone (Petrosian et al.
1994) and must be produced by the acceleration mechanism.
Park et al. (1997) show that these features can be explained
by models based on stochastic acceleration by turbulence once
loss mechanisms are properly included. Whether such models
can explain the 2010 June 12 bremsstrahlung spectrum requires
more study.

The nuclear de-excitation lines and continua are represented
by a template based on a detailed study of nuclear gamma-
ray production from accelerated-particle interactions with el-
ements found in the solar atmosphere (Murphy et al. 2009).
Such templates depend on the assumed ambient composition
and accelerated-particle composition and spectrum. The BGO
spectral data for this flare are inadequate to distinguish among
templates derived for different ambient abundances, particle
spectra and angular distributions. For this reason, we used a
arbitrary templates based on earlier studies (G. H. Share &
R. J. Murphy, in preparation). The accelerated particles were
assumed to interact in a thick target with a coronal composition
(Reames 1995), but with 4He/H = 0.1. We do not take into
account transport effects but instead assume that the accelerated
particles have a power-law differential spectrum (dN/dE ∝ Eβ

with β = −4), coronal elemental abundance (but with an ac-
celerated α/p ratio of 0.2), and an angular distribution that
is isotropic in the downward hemisphere. As we mentioned
above our results are not sensitive to the assumed composi-
tions. The photon model also includes Gaussians representing
the 0.511 and 2.223 MeV positron–electron annihilation and
neutron-capture lines, respectively, and a pion-decay spectral
component.

We present the best-fitting spectral parameters in Table 1,
along with estimates of their 1σ uncertainties. We list fluences
obtained by integrating over the 50 s time period, except for the
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