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We present preliminary results of INTEGRAL/SPI and Fermi/GBM observations of the X5.4 and
X1.3 solar flares on 2012 March 7. The GOES X5 flare commenced at 00:04 UT and was followed
by the X1 flare an hour later. The entirety of both flares was detected by INTEGRAL/SPI, whereas
the Fermi/GBM observed the falling phase of the X5 and entirety of the X1 flare. The 2.2 MeV
neutron capture line is very prominent in both flares as observed by SPI. We performed Monte
Carlo simulations to obtain the response of the SPI matrix in such a non-standard configuration,
in order to calculate the flux of the 2.2 MeV line measured with SPI. Our preliminary study shows
that the 2.2 MeV flux obtained with SPI for the X1 flare is around 30% smaller than that obtained
with Fermi/GBM. There are variety of reasons for this difference including uncertainty in the SPI
response and background subtraction in the GBM.
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1. Introduction

Gamma ray lines contain important information on particle acceleration in the solar atmo-
sphere. Line intensities and their temporal evolution and line shape studies give information on
properties of the solar atmosphere and the accelerated particle composition and their momenta and
angular distributions [[M]. Line shape studies which require high energy resolution spectroscopy,
have been applied to several solar flares since the launch of the Reuven Ramaty High Energy Solar
Spectroscopic Imager (RHESSI) and INTEGRAL in 2002 [2][B][E][H]. INTEGRAL is not de-
signed for studying solar physics, but with its Germanium camera’s high energy resolution and the
3 days uninterrupted observation, it makes a unique instrument to study gamma-ray lines in strong
solar flares.
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entirety, whereas Fermi/GBM
missed the first flare because it
was behind the Earth. RHESSI Figure 1: The background subtracted SPI/ACS (black) and the
was also behind the Earth dur- Fermi/GBM light curve (blue)
ing the first flare.

Figure [ shows the background subtracted SPI/ACS (above 100 keV) and GBM (250 keV to
40 MeV ) light curves of the two flares. The green bars mark the time range in which the flare
fluxes were calculated (see Sections 3 and ).

2. Observation with INTEGRAL/SPI Ge detectors

During the solar flares, INTEGRAL was pointing at the inner Galactic disk and the Sun was in
the XZ plane, about 83 degrees from the SPI axis. Although the Sun was very far from the SPI field
of view, some of the radiation from both flares penetrated the thick BGO ACS and was detected
by the Germanium detector matrix, thus allowing the study of gamma ray lines from the Sun with
SPI’s very high energy resolution.

2.1 Ge detector counts

Figure @ shows the raw count rates of Ge detectors in a few energy ranges. The bursts are sig-
nificant in the continuum and at the 2.2 MeV line produced by neutron being captured by hydrogen
and forming Deuterium ('"H+n — D + 7).

X-ray flux in the 1 to 8 A band = 5.4 x 1074w/ m?, see http://www.swpc.noaa.gov/info/glossary.html
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e Panel 1: 20-200 keV continuum

e Panel 2: neutron capture line at 2223.4
keV. The long tail is probably due
to the 100 second exponential due to
neutron slow down and capture.

e Panel 3: 4.4 MeV, '>C* B-decay line

e Panel 4: 6.1 MeV, °0* nuclear de-
excitation lines
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Figure 2: Count rate of the Ge-detectors in 50s bin.

2.2 The 2.2 MeV neutron capture line spectrum

As shown in Figure B, the neutron cap-
ture line at 2.2 MeV was very strong in
both flares, whereas the nuclear de-excitation
lines were not immediately visible without
employing a more detailed analysis, which
is to be carried out. In order to estimate the
strength of the 2.2 MeV neutron capture line,
we selected time intervals of interest and ob-
tain the count spectra and deadtime informa-
tion with the official INTEGRAL Off-line
Scientific Analysis2 (OSA) tools. As back-
ground we chose 3 pointings, with a total
elapsed time 5577 seconds, 9 minutes before
the flares. Figure B shows the spectra of the 3
pointings used as background (top), the spec-
tra at the two flares after background subtrac-
tion (middle, bottom). A Gaussian was fitted

3 pnts before flare 1
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Figure 3: SPI spectra of the two flares around the
2.2 MeV neutron capture line

to the 2.2 MeV line while a polynomial was used for the continuum (blue lines). The fitted pa-

rameters of the Gaussian component would be used to estimate the flux/fluence of the 2.2 MeV

line.

Zhttp://www.isdc.unige.ch/integral/analysis
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2.3 SPI response in this uncommon configuration

The direction of the Sun with
respect to the satellite during the
two flares is shown in Figure H;
around 83 degrees from the SPI
pointing direction, thus the inci-
dent photons from the Sun must
go through the satellite structure,
IBIS and the SPI anti-coincidence
shield. To obtain the instrument
response matrix in this uncom-
mon configuration, we performed
Monte-Carlo simulations[H] with
4x10° incident photons, taking into
account the loss of 4 Ge detectors.
The effective area at 2.2235 MeV
is 5.0240.05 cm? for the first flare
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Figure 4: INTEGRAL model

, and 5.03+0.05 cm? for the second flare. Obviously there is no significant difference, which is

expected for nearly identical observation angles.

The flux of the neutron capture line at the two flares in the selected time ranges (marked by

the two green bars in Figure [) is estimated to be: 0.116 ph/s/cm? and 0.094 ph/s/cm?, respectively.
The first flare lasted more than 1200 seconds at around 2.2 MeV, and the total fluence of the neutron
capture line is 854-8 ph/cm?. For the second flare the neutron capture line fluence is 6547 ph/cm?.

3. Fermi/GBM Observations

GBM (O] triggered and located the very bright and energetic X5.4 class solar flare on 2012
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Figure 5: GBM BGO (250 keV to 40 MeV) light curve (black, same as in Figure 1) and 2.2 MeV neutron
capture line flux in 120 second time bin(red, preliminary, David Gruber in preparation)



Solar flares 2012 March 7th Xiao-Ling Zhang

1.0000 - .
'E 0.1000% -
i i ]
o 0.0100 -
= 3 3
c 2 E
3 - ;
S o000k 2
[J] F 3
5 r e o ]

00001 - IHHI‘MHPIE

6 4 e ——
- + -
I A RN T LT R T EL:
@ -2 Tk PR T LEE
_6- X L X R X -

PR | L L PR |
1000 10000
Energy (keV)

Figure 6: GBM count spectrum with fitted model and residual (preliminary)

March 7th, at 00:30:32.13 (#p) and triggered another 3 times on a subsequent X1 class solar flare
at 01:00:57.53 UT, 01:10:58.20 UT and 02:06:09.93 UT. Most of the first solar flare was occulted
by Earth so that only the last part of the prompt emission epoch is visible in GBM. The X1 solar
flare, which followed only 30 min later, was visible until GBM entered the SAA during which the
detectors were turned off. After exiting the SAA the solar flare was occulted by the Earth and only
when it reappeared 1 h after the second trigger, GBM was able to observe the last minutes of this
solar event.

One way to estimate the background count rates for long events in the Nal and BGO detectors
has been proposed by Fitzpatrick et al. [B], labeled “Orbital Subtraction Method”. In short, they use
the background rate of adjacent days, when the satellite has the same geographical footprint. The
major limitation of this method is that there are still some systematic differences in the background
rates when comparing —30 to +30 orbits after the activation following an SAA passage of Fermi.

Here, the “Solar Background Employing Relative Rates” (SOBER?) method is used [B]. The
working principle is that the specific detector configuration of GBM can be useful in determin-
ing the background rate of the sun-facing BGO 0 detector using the observed count rate of the
Sun-occulted BGO 1 as a priori information. The major caveat of this method is that it implicitly
assumes that no signal from the Sun is observed in the occulted BGO 1, which is a problem espe-
cially at lower energies where some photons will be collected in the BGO 1 due to scattering in the
spacecraft.

The time integrated photon flux and fluence of the 2.2 MeV neutron capture line in the selected
time ranges (see Figure M) are 0.13240.005 ph cm~2 s~ ! and 67 4 3 ph cm ™2, respectively.

The evolution of the neutron capture line over the course of the X1 flare is presented in Figure B
and a count spectrum of the time integrated fit is presented in Figure B.
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4. Comparison of SPI and GBM results

Table 1: SPI and GBM results of the 2.2 MeV line

X5 flare X1 flare
duration* (s) 700 504
GBM flux (ph/s/cm?) 0.132 4 0.005
GBM fluence (ph/cmz) 67 +3
SPI flux (ph/s/cm?) 0.115 £ 0.008 0.094 + 0.009
SPI fluence (ph/cm?) 80+6 47 £5
SPI fluence total** (ph/cmz) 85+ 8 65+t7

* As marked by the greem bars in Figure [
** Total fluence of the line in the respective flares

The fluxes of the X1 flare obtained with SPI and GBM differ by ~ 30% at 2.2 MeV, which

might result from the complex nature of GBM background subtraction, as well as a systematic dif-
ference between SPI and GMB due to e.g. possible inaccuracies of the mass model of INTEGRAL

used in the Monte-Carlo simulations.
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