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Ground Level Enhancements (GLEs) are solar energetic particle (SEP) events that are recorded by
ground-based instrumentation. The energy of the particles is so high that they produce secondary
particles in the Earth’s atmosphere, i.e. protons and neutrons, which are detected as sudden increases in cosmic ray intensities measured by e.g. neutron monitors. Since the launch of SOHO
in December 1995 the neutron monitor network recorded 16 GLEs. The Electron Proton Helium INstrument on board SOHO has been designed to measure protons and helium up to 53
MeV/nucleon as well as electrons up to 8.3 MeV. Above these energies, particles penetrate all
detector elements and thus, a separation between different particle species becomes more complicated. Recently we developed a method that allows deriving the energy spectrum for penetrating
protons up to more than 1 GeV [1, 2]. In this contribution we present the proton energy spectra for
two of the 16 above-mentioned GLEs and compare them to previous measurements (.e.g. [7, 17]).
Although there are differences of up to a factor two the overall shape of the energy spectra agree
surprisingly well. Thus it has been demonstrated that EPHIN measurements are a valuable tool
for understanding GLE.
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1. Introduction

2. Instrumentation
The Electron Proton Helium INstrument (EPHIN), as displayed in Fig. 1, consists of a stack
of silicon solid state detectors (SSDs, A-F) surrounded by an anticoincidence (scintilator, G). Particles with energies above ∼ 100 MeV/Nucleon and above ∼ 300 MeV/Nucleon penetrate the entire
instrument from the front and from the back, respectively. Unfortunately EPHIN provides no information of the directionality of the measured particles. Only in a small energy window one can
distinguish between particles entering the instrument from the front ("forward particles", entering
at detector A, exiting at detector F) and particles entering the instrument from behind ("backward
particles", entering at detector F, exiting at detector A). Since backward particles first have to penetrate the entire spacecraft, they will reach the actual instrument with only a fraction of their initial
energy which leads to systematic uncertancies in the derived spectra (c.f. [1] for details). To take
this effects into account, a GEANT4 simulation has been set up, including a 10 cm aluminium block
behind the instrument to mimic the spacecraft shielding[1]. To calculate the initial total energy of
a penetrating particle based on the energy deposition in the detector, mono-energetic simulations
with isotropic fluxes of protons, electrons and helium particles in front of (for forward particles) and
behind the instrument (backward particles) have been performed individually. Results for protons
and helium particles are shown in fig. 1, right. The figure shows the resulting counts (color-coded)
as a function of the energy-loss and the initial total energy. For the energy loss, the minimum of the
energy deposition in either the C or D detector is used to reduce noise based on the statistical nature
of the energy loss (c.f. [1]). For both, protons and helium particles, the forward particles form a
2
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Forbush [3] reported the first Solar Energetic Particle (SEP) event that is now called a groundlevel enhancement (GLE). They are produced when ions with energies above several hundred of
MeVs create a nuclear cascade in the Earth’s atmosphere. As a consequence detectors at ground
level measure an increase above the galactic cosmic ray background. Since than 71 GLEs have
been reported. The largest measured increase of about 4500% was observed during GLE 5 on
February 23, 1956 [4]. During solar cycle 23 and 24 16 event was measured by more than one
neutron monitor. Aside understanding the physics of GLEs, i.e. the acceleration process, the
recent paper by [5] claim among other the January 6, 2014 event to be a GLE. The dilemma of
the definition whether a solar energetic particle event is recorded as a GLE or not depends on
several factors i.e. the measurement capabilities. Measurements below the atmospheric shielding
i.e. at positions with magnetic cutoff rigidities less than a GV have thus to rely on spacecraft
measurements outside the Earth atmosphere i.e. the Payload for Antimatter Matter Exploration
and Light-Nuclei Astrophysics (PAMELA). However, observations made inside the magnetosphere
suffer from the varying cutoff rigidity along its trajectory (see [6]). In contrast observations made
in interplanetary space are mainly restricted in the energy range as well as in statistical accuracy
Here we utilize published data from the PAMELA experiment that has recorded proton spectra
during different phases of the December 13, 2006 event [7] and compare the spectra with the ones
derived form the Kiel Electron Proton Helium Instrument (EPHIN) aboard the SOHO spacecraft
[1].
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Figure 1: The left panel shows a sketch of the EPHIN instrument [8]. The right panel displays the relation
between initial total energy and the minimum of the energy loss in detector C and D for protons (red),
helium particles (green) and electrons (blue, right hand axis). The maximum energy of electrons is chosen
to be 100 MeV [1] Open symbols represent results from backward simulations, secondary protons caused
by helium (green diamonds) are shown individually.

narrow population with a clear relation between total energy and energy loss, as expected based on
the Bethe-Bloch equation. The backward particles on the other hand can cause a wide variety of
energy losses due to the interaction in the spacecraft. Furthermore, at low energies the energy loss
is enhanced as backward particles at this energies loose a significant fraction of their energy in the
shielding. In addition, the distribution of backward helium particles shows a secondary population
at typical energy losses of protons, which are caused by secondary protons created in the shielding
via nuclear interactions. As discussed in [1] the energy loss regions can be divided in three regimes:
The first one is the given by energy losses less than ∼ 0.4 MeV that is dominated by relativistic
protons and electrons. The second regime is determined by energy losses in the range of 0.4 MeV
to 1.4 MeV. This range has been shown to be useful in order to investigate the proton spectra in
the range of above 100 MeV to more than 1 GeV (cf. [1, 2]). Note, that relativistic Helium is a
major contribution for energy losses above 1.2 MeV. However, it was shown by Kühl et al. [1] that
for solar energetic particle events with a helium to proton ratio of 10% this effect can be neglected
due to the shape of the energy spectra. In this contribution we analyze the variation of the energy
spectra during the two ground level enhancements 70 and 69. For the first, the December 13, 2006
event (left panel of Fig. 2), the PAMELA investigation has published the energy spectra during
different phases of the event [7].

3. Analysis
The GLE 70 on December 13, 2006 has been studied extensively by different authors (c.f.
[9, 10, 11, 12, 7, 13]. An unusual large near-solar-minimum GLE was observed after a 4B solar
flare at 02:20 UT, at S06 W24, associated with an X3.4 X-ray event and type II and IV radio bursts.
3
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Figure 2: Upper and lower panels shows 1 minute averaged count rate profiles of the integral channel and
∼ 30 MeV protons as well as ∼ 1 and ∼ 4 MeV electrons observed during December 13, 2006 (left) and
January 20, 2005 (right), respectively. Marked by the blue lines are time periods for which energy spectra
measured by PAMELA are published [7].

A fast full-halo CME with a velocity of 1500 km/s) had been reported by the LASCO observations (http://sgd.ngdc.noaa.gov/sgd/jsp/solarindex.jsp). The 1 minute averaged time profile of the
integral channel and ∼ 30 MeV protons as well as ∼ 1 and ∼ 4 MeV electrons observed during
December 13, 2006 is displayed in the left panel of Fig. 2. Proton spectra by the PAMELA instrument have been measured during different times of the event. From these periods we compared the
PAMELA results with the ones from our instrument for the period:
1. from 3:18 to 3:49 UT,
2. from 3:49 to 4:33 UT,
3. from 4:33 to 4:59 UT and
4. from 8:18 to 9:17 UT.
Fig. 3 displays the energy spectra from PAMELA (green dots) together with the SOHO EPHIN
and if available with the GOES/neutron monitor measurements. The red dots and black dots are
intensities determined by assuming that all particles are entering the telescope from the front or
that from a certain threshold onward particles from the back can contribute. These values can be
seen as the upper and lower limits for the measured intensities. All energy spectra are corrected for
background by subtracting the energy spectra obtained in November 2006. The first two, the third
and forth spectra were obtained during the rising phase, during the maximum and the declining
phase of the event, respectively (see Fig.2). While Fig. 3 shows a good agreement of the SOHO
data with the ones obtained by PAMELA and by [11] during the first two periods, the difference
are becoming larger during the maximum and the declining phase of the event. The reason for such
4
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Figure 3: Proton energy spectra during four time periods on December 13 and 14, 2006. The panel compare
the EPHIN measurements (black and red dots) with the PAMELA observations (green dots) from Adriani et
al. [7]. The blue and magenta dots have been extracted from [11]. The blue and magenta dots in the upper
right panel are derived from GOES and neutron monitor measurements, respectively.

a behavior could have different reasons that need to will be investigated in the future. However,
during the second period we compared the measurements in addition to neutron monitor and GOES
observations. Although all results are in good agreement with each other we find a tendency that
the neutron monitor data are in better agreement with our measurements than with the published
PAMELA results.
In order to investigate the measurement capabilities of the EPHIN experiment further we analyzed the energy spectra during the January 20, 2005 GLE. This GLE has been described in the
literature by several authors [14, 13, 15, 16, 17]. The intensity time profiles of protons and electron
during GLE 69 are displayed in the right panel of Fig. 2. The energy spectra obtained for the event
are determined close to the intensity maximum at 6:55 UT and during the declining phase of the
5
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Figure 4: Proton energy spectra during the maximum time of the January 20, 2005 GLE neutron monitor
at 6:55 UT (left) and during the declining phase of the event at 9:00 UT (right). Due to statistical limitation
EPHIN data are averaged from 6:50 to 7:10 UT and 8:45 to 9:15 UT The panel compare the EPHIN measurements (black and red dots) with the one from neutron monitor and GOES measurements. The green dots
have been extracted from [17].

GLE event at 9:00 UT. The green dots have been extracted from [17]. As for the GLE 70 we find a
better agreement during the onset of the event than during the maximum phase. But in contrast to
the other event a deviation of the shape of the energy spectra at energies above 700 MeV is found.
The SOHO spectra are much flatter than the ones obtained from the neutron monitors. The reason
for this behavior becomes obvious from Fig. 1. High energy protons are associated with low energy
losses. Although the major contribution from electrons should be below 0.4 MeV there exist a tail
in the electron distribution ranging to values above 0.4 MeV. Thus there is a potential cross talk
that only depends on the electron spectrum. Thus further investigations are needed.

4. Summary and Conclusion
We have determined SOHO/EPHIN energy spectra of protons in the energy range from below
100 MeV to above 1 GeV for GLE 69 and 70. By comparing the data with PAMELA, neutron
monitor network and GOES data we could successfully show here that these extended measurement capabilities of SOHO/EPHIN is a valuable tool for investigating energetic particle events
that are associated with increased proton fluxes at energies of above 100 MeV, as provided by e.g.
SEPServer (www.sepserver.eu).
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