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Abstract:  Strong signals of energetic neutrons associated with the solar flare gfténSzer 2005
were detected by using the Solar Neutron Telescopes (SNTs) locatedd &hdcaltaya in Bolivia and
Mt. Sierra Negra in Mexico, Neutron Monitors (NMs) located at Mt. Chegar and Mexico City.
In a previous work, the observed profiles indicate a continuous emisgioeutrons. In this paper,
we present the results of a unique analysis of the SNT data to obtain espgyum of the neutrons.
The SNT channels of different response functions in energy enaisléal obtain spectrum without any
assumption of the emission time profile. The result is consistent with théopeeand independent
studies, which indicate a differential power law index of 3. This suppodgptkvious conclusions that
the emission of the neutrons anerays started at the same time and neutrons were continuously emitted.
A marginal inconsistency about the existence of a spectral cutofbahdr500 MeV may indicates some
more complicated scenario.

Introduction stalled over the world. Because the NMs are |

capable of measuring the energy of the neutrc
Observations of neutral emission are important We can not separate energy spectrum and emis
keys to understand the nature of ion acceleration duration from its count profile. In the analys
near the solar surface. Among various neutral of the NM data, we usually assume the emiss
emissions (radio, X-rayy-ray continuum,y-ray profile identical to that of high energy radiatior
line), advantages of the neutron observations areand determine the energy spectrum of the neutr
that 1) neutrons are purely emitted from ions, 2) from their time-of-flight ([1], for example). How-
kinetic energy of the neutrons reflects that of ions. ever because the parent particles of the neuti
On the other hand, there is a difficulty of the solar and radiations are not identical, this assumptior
neutron observation due to the fact that a neutron not trivial.

has mass and its flight time to the earth is a func- Sglar Neutron Telescopes (SNTs) were desigi
tion of its kinetic energy. Solar neutrons have been and installed in high altitude mountains to sol
mainly observed by Neutron Monitors (NMs) in-  this problem. It has the capability of measuring t
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E b Mexico SNT has plastic scintillators of a #rarea
S 130F and 30 cm thickness covered by proportional col
2 15E [HERN A ters (PRCs) as anti-counters. Scintillator sign
§ 57: Fp,u,‘nh,}-f"" el are discriminated by four different energy thres
o A olds (30 MeV, 60 MeV, 90 MeV and 120 MeV) an
1245t ‘ ‘ ‘ ‘ ‘ ‘ ‘ they are designated to &1, S2, S3, S4espec-
16:0016:3017:0017:30 18:00 18:30 19:00 19:30.20: 00 tively. Scintillator signals without associated an
48500 L1_anti counter signal are regarded as generated by |
-548000; 0k 8y tral particles and designated lisd anti. Four lay-
27500k ; FJUP] A I l]f»null . ers of PRCs are installed below the scintillatc
Z47000) J]-m‘”'”’ 1 ‘i and coincident signals witBlanti are named as
346500F . ul"f““ «— L1 anti, L2 anti, L3.anti and L4anti. In Figure-
© 6000 UﬂJ N 1, 2-minutes counting rates 8fl anti andL1 anti
4550011 are presented. We can see a strong excess it

16:00 16:30 17:00 17:30 18:00 18:30 19:00 19: 30.20: 00 i inal i i
32:00 1930201 Slantibut only a marginal increase Il _anti.

Figure 1: 2 minutes counting rates of the Mexico Analysis

SNT. Top) Neutral particles measured at the low-
est threshold scintillator channel. Bottom) Neutral
particles penetrated into the first layer of the PRC
below the scintillator. Histograms show the ob-
served count and the smoothed curves indicate the
estimated background. Arrows indicate the time
window to integrate the total excess count.

To estimate the primary neutron energy spectru
we integrated the counts of each channel recor
between 17:30UT and 18:30UT as indicated
arrows (N,:). Background counts are estimat
from 3-rd order polynomial fit, as plotted in th
Figure, excluding 17:30 UT — 18:30UT. The st
tistical significances (excesglV;.;) of each chan-
nel are 16.6, 12.0, 9.9, 6.2, 2.7, 1.7, 1.6 and

energy and is expected to solve the degeneracy offor Slanti, S2anti, S3anti, S4anti. L1anti,

the spectrum and the emission duration. In this pa- L2_anti, L3 anti, L4 anti, respectively. So the de
per, we introduce a new kind of analysis based on tections in the scintillator channels are significe
the data taken by the Mexico SNT in the 7 Septem- but marginal in the lower PRC channels.

ber 2005 solar neutron event. Here we concentrate Because the responses of each channel have d

on the analysis of the energy spectrum, which is ent energy dependence, the relative count am
free from any assumption of the emission profile. channels must be sensitive to the energy spect
This is an important step to extract the true emis- of primary neutrons. To have a general idea
sion profile of neutrons. this energy dependence, the detection efficien
of each channel are shown in Figure-2 as functi
of neutron kinetic energy at the top of the dete
tor. In this calculation, we used GEANT3 and di
tributed neutrons uniformly over the detectorin t
vertical direction.

Observations

Strong neutron signals were detected in associa-
tion with the solar flare occurred on 7 Septem- .
ber 2005 [2]. The X-ray flux peaked at 17:40UT 10 Simulate the case of the 7 Sep event, we
and was classified as X17.0. The flare occurred SUMed that the neutrons had a power law ene
in AR 10808, which was located at SQ6E89. spectrum at' thg sun. \We calculgte(_d thelecay
Ground-based observations were made by the Of neutrons in flight and attenuation in the eartl
SNTs in Mexico (Sierra Negra) and Bolivia (Cha- atmosphere [4] including the actual atmosphe
caltaya), NMs in Mexico (Mexico city) and Bo- depth and the solar angle at Sierra Negra at the 1

livia (Chacaltaya). Parts of the observed data by time. The relative counts normalized$d anti are
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Figure 2: Response function of various channels C ‘ ‘ . 50
of 'the Mexico SNT. Detection efficiencies .(nght St S2 s3 s4a L L2 g,%ih L4 |
axis) of each channel are plotted as functions of channe

the neutron kinetic energy at the top of the detec-
tor. In the calculation, neutrons were uniformly

distributed over the detector with a vertical injec-

tion angle.

Figure 3: Relative excess counts of various ch
nels. Plots are results of the Sep 7 events with :
tistical errors. Solid lines show expected counts
different neutron spectra. Neutron spectra are
plotted in Figure-3 for some differential power law sumed to be power laws with indexes indicatec
indexes, 2-5, assumed in the simulation. The plots each line.

with error bars are the results of observation. Er-
ror bars are calculated based only on the statistical

. data very well. We tested spectra with a cutoff
errors as described above.

500 MeV and results are shown in Figure-4. T
result indicates a slightly harder index than 3.0.
Results course the difference is within the statistical errc
and not significant.

From Figure-3, we can conclude that the most
likely power law index is 3. This is consistent with Conclusions
the results of [2] and [5] where indexes were es-
timated to be 3.2 and 3.1, respectively, based on
the analyses of the Bolivia NM data aneray pro-

file. This is very important that we have obtained
the index without any assumption of the emission
time and duration that was necessary in the previ-
ous studies. The consistent results of two indepen-
dent analyses with different data sets supports the
assumptions and the conclusions in the previous
analyses. Those are: 1) emission of the neutrons
started at a same time with theray radiations. 2)
The neutrons were emitted continuously.

We have analysed the solar neutron data obse
by the Mexico SNT on 7 September 2005. T
data showed excesses in several channels tl
have different response functions in energy.
demonstrated the relative excess counts of tr
channels are sensitive to the spectrum of the

mary neutrons. The comparison between the

served data and the MC expectation indicated
differential power law index of the neutron spe
trum was likely to be 3, that is consistent with ti
completely independent analysis from the Boli
Here we must note that in the previous works, a NM data andh-ray profile. This supports the as
single power law model could not fit the observed sumptions and conclusions made in the previ
counting profile very well. They have concluded k. However, our analysis preferred a sing
a truncated spectrum at 400-500 MeV can fit the power law spectrum though the previous work |
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