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Abstract: In association with an X17.0 flare on 2005 September 7, ietensissions of hard X-rays and
~-rays were registered by satellites, and relativistic rang were observed by ground-based detectors.
The neutron signal continued for more than 20 minutes wigih Isitatistical significance. The long decay
of the signals suggests that ions were continuously aatektior trapped in the emission site. We also
find thaty-rays were emitted over a corresponding extended perioty \@men we incorporate the high-
energyy-ray emission time history can we explain the long-lastiagtron emission. However we cannot
explain neutron emissions by using Hua's model [1].

Introduction curred with a soft X-ray magnitude of X17.0. Du

On 2005 September 7, large and long-lasting en- ing this flare, intense emissions of hard X-rays ¢
hancements of solar neutrons produced in associa-1ays were observed BNTEGRALandRHESSI

tion with an X17.0 flare were observed by ground- satellites (Figure 1). UnfortunatelRHESSwas

based detectors [2]. In this paper, we analyze the 20th in the South Atlantic Anomaly (SAA) an
neutron spectrum and time history using tNgE-  ©" the night side of the Earth during most of t
GRALandRHESSksatellitesy-ray data. We will ~ €Vent- - However, some emission was qbser‘
use Hua's solar-flare magnetic loop transport and &0und 17:45UT between SAA and nigh:ray

interaction model [1] to determine the best-fitting lines at0.511, 2.2, 4.4, a_nd 6.1 MeV were Ob_'
parameters. served and there was evidence fdrdecay radi-

ation. On the other hand, strong emission of hi
Observations X-rays andy-rays during the whole flare time wa
observed by thétNTEGRALsatellite.

As shown the top panel of Figure 2, thel MeV
Carbonry-ray line was clearly observed by tis-

At 17:17UT on 2005 September 7, when solar ac-
tive region 10808%06° E89°) appeared at the East
limb, the first and most energetic X-class flare oc-

45



ACCELERATION AND EMISSION MECHANISMS FOR2005 SEPTEMBERTY FLARE

300 ]

N
o
o
T
I

counts s*

100F ]

10000

100 |-

photon energy [keV]

10+

10

17:20 17:40 18:00 18:20 18:40
Time (UT) Hours from 2005-09-07/17:20:00

Figure 1: The X-ray data observed by th¢TE-
GRALandRHESSkatellites on 2005 September 7.
Top panel shows hard X-ray light curve observed
by the INTEGRALsatellite between 200 and 300
keV. Bottom panel shows spectrogram observed by
RHESSITheRHESSWwas in SAA until 17:43UT
and at the night side of the Earth from 17:47 UT.

TEGRAL It does not clearly show the.2 MeV
neutron-capture line, but this is consistent with the
limb location of this flare. By fitting spectra, we
obtain the time history od.4 MeV line y-rays as
shown bottom panel of Figure 2. Since such de-
excitation~y-rays are prompt, this time history is
a good approximation of the ion acceleration time
history. lons were accelerated not only during the
impulsive phase, but also during the decay phase.
The4.4 MeV ~-ray emission does not return to the
background level until at least 18:00UT. During
this decay phase, hard X-ray andray emissions
were also observed lIRHESSI

The X-ray image obtain wittRHESSIis shown

in Figure 3. A soft X-ray loop is seen above
the limb with only one hard X-ray foot-point visi-
ble. Although only one image was obtained from
RHESSIdata, we obtained many images from the
GOESZSXI data and the soft X-ray loop could be
seen rising up from the limb. Figure 4 shows the
altitude of the soft X-ray emission center from the
limb recorded by th&OE3SXI andRHESSIThe
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Figure 2: The~v-ray data observed by thiN-
TEGRAL satellite on 2005 September 7. Tt
panel shows they-ray spectrum observed fror
17:35-18:00UT, andd.4 MeV line appear super
imposed on the bremsstrahlung component. E
tom panel shows the time profile of lineray com-
ponents of Carbon nuclei.

difference of the two position is due to the differe
energies detected BWHESSBndGOESSXI.

On the ground, relativistic neutrons were obsen
by the neutron monitors at Mt. Chacaltaya a
Mexico City and by the solar neutron telescog
at Chacaltaya and Mt. Sierra Negra [2]. The sta
tical significance of all neutron signals was mc
than10c and the detection lasted for more than
minutes. This was the largest solar neutron ev
observed in solar cycle 23.

Energy Spectrum of Solar Neutrons

We analyze the neutron data obtained with the |
livia neutron monitor since this detector record
the largest signal. To estimate the energy spect
of the emitted neutrons, we use the same metho
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Figure 3: The X-ray image observed by the RHESSbn 2005 September 7.
RHESSIland GOES3SXI on 2005 September 7.
Red image show$ — 25keV soft X-ray image
obtained byRHESS] red contour shows soft X-
ray image obtained bysOE3SXI, blue contour
shows100 — 150 keV hard X-ray image obtained
by RHESS]and green + marks show the centerlo- 515
cations of the soft X-ray emission obtained by the  210E —1 [17:36:40 UT ‘ ‘
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Figure 5: The observed and simulated time p
Watanabe et al. [3]. This method calculates time- files of neutrons on 2005 September 7. The bl:
dependent arriving neutron spectra from an emitted solid line is the observed two-minute countir
neutron spectrum assumed to be a power law. We rates from the Bolivia neutron monitor. The re
use the atmospheric attenuation ratio of solar neu- points represent the simulated time profiles for
trons calculated by the Shibata program [4] and ef- lar neutrons assumed to have been produced
ficiency of the neutron monitor calculated by Clem the same time profile as thied MeV ~v-rays with
and Dorman [5] to convert these spectra into count spectral index-3.1. The high-energy cutoff of the
rates and compare with the observed neutron data.solar neutron energy is assumed to306 MeV.
We use the time profile of th&4 MeV line v-rays
(Figure 2) as a hypothetical production time pro-
file for the solar neutrons. Good agreement was
obtained (reduceg® = 1.8) for a neutron spectral
index of —3.1, as shown in Figure 5. The extende
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into neutron monitor count rates using the atn
spheric attenuation and neutron monitor efficier
q as above. By comparing these rates with the

presence of high-energy ions implied by the line served rate, we can determine the accelerated
emission is required to explain the extended neu- spectrum.
tron emission. Such ions could have been continu- A number of parameters must be set to use Ht
ously accelerated or trapped in the emission site. Program.  For the accelerate ion compositi
(a/p = 0.5, *He/*He = 1), ambient compositior
Simulation by Hua’s Model (He/H = 0.1, Ne/O = 0.25) and atmospheric
model (Avrett [6]), we use typical values estimat
from observations of previous flares. For the acc
eration release time history, we use the MeV
line ~-ray time history observed biINTEGRAL
andRHESSIFigure 2). The loop length was ca

We next use the simulation program of Hua et al.
[1] to estimate the spectrum of accelerated ions.
By using this program, neutron spectra arriving at
the Earth’s atmosphere can be estimated from line
~-ray data. These arriving spectra are converted
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The long-lasting neutron emission observed by
neutron monitors from the 2005 September 7 flare
could be explained by the long-lasting presence of
energetic ions implied by the extendeeray line
emission. We achieve an adequate fit to the neu-
tron data when we used the transport and interac-
tion loop model of Hua et al. [1]. We will con-
tinue to analyze these data and explore the effect
of changing parameters.
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