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Abstract: Ground level events (GLEs) are the most energetic solar particle events (SEPs) that
are detected not only by space borne instrumentation but also by ground-based instruments
like neutron monitors. On May 17 2012 at 01:25 UT a M5.1 X-ray flare from the active region
1476 (N07, W88) was detected. The event was accompanied by a type III radio burst starting at
1:30 UT and a coronal mass ejection heading towards STEREO A. The corresponding shock
wave passed STEREO A on May 18 at 12:43 UT but missed the Earth. The event onsets of
near relativistic electrons have been detected at 06:05 UT, 03:38 UT, and 01:51 UT aboard
STEREO A and B (125-335 keV) and at SOHO (250 -700 keV), respectively. In contrast to
observations close to the Earth no strong anisotropies have been observed at both, STEREO A
and B. The neutron monitor network recorded the first GLE for solar cycle 24. The Electron
Proton Helium INstrument on board SOHO measured protons with energies of more than
600 MeV (rigidities of more than 1.2 GV). The interplanetary field direction was such that
neutron monitor stations with asymptotic direction in the 1 to 2 GV range over Australia were
connected best and recorded the biggest increase of 17% (Apatity and Oulu) with an onset time
of 1:52 UT. Data observed close to and at Earth will be presented and the longitudinal structure
of the event in the inner heliosphere will be discussed.
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1 Introduction
On May 17, 2013 at 01:25 UT the active re-
gion NOAA 11476, located at N07 W88, pro-
duced a class M5.1 flare [5, 12]. Around 01:50
UT the worldwide network of neutron monitors
(http://www.nmdb.eu/) detected the first ground
level enhancement in solar cycle 24. Relativistic
electrons measured by the Electron Proton He-
lium INstrument aboard SOHO started to rise
at 1:51 UT and triggered the Relativistic Elec-
tron Alert System for Exploration [10]. While
the event was only seen by a few neutron mon-
itor stations, with the strongest signal detected
at South Pole the particle intensities measured
aboard spacecraft stayed above background for
several days (see middle panel of Figure 2). The
energy spectra as measured by the Payload for
antimatter matter exploration and light-nuclei as-
trophysics (PAMELA) have been reported by
[1] indicating that protons with energies up to

600 MeV and Helium up to 150 MeV/nucleon
have been measured by PAMELA [9]. Remote
sensing observations from the Earth and from
STEREO have been extensively discussed by [5]
and [12]. [5] noted that (1) the M5.1 flare was
starting, peaking, and ending at 01:25, 01:47, and
02:14 UT, respectively. (2) the flare size is not a
good indicator for the GLE. (3) a metric type II
burst was reported by them at 01:32 UT (see also
Fig. 3). (4) for STEREO A and STEREO B the
GLE source active region (AR 11476) that was
located at (N11,W76) from Earth, corresponds
to E39 in STEREA A and E166 in STEREO B.
(5) The Coronographs on STEREO A and on
SOHO first observed the CME at 01:40 UT
and 01:48 UT, respectively. (6) the event onset
time for near relativistic protons was between
1 : 35 UT < tOn < 1 : 43 UT. (7) the most proba-
ble normalized solar particle release time for these
protons was at 1:40 UT. (8) these times corre-
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Figure 1: Position of STEREO A and B and the
Earth on May 17, 2012. The location of the flare
is indicated by the arrow and the longitude with
respect to the flare location is calculated by using
the measured solar wind speed (see text)

sponds to a particle release when the CME height
was about 2.32 RS.
In addition [12] showed that the acceleration
could be best explained assuming a twin CME
scenario. They identified two eruptions in this
event which occurred from a very complicated
active source region by utilizing SDO/AIA. Both
CMEs were fast (a speed of vCME = 1997 km/s
has reported by [5] and both drove shocks, with
the second shock being faster. They interpreted
the enhanced radio emissions in broad frequency
ranges between 1:42 UT and 1:48 UT and 1:57
UT and 2:00 UT as due to a shock–CME interac-
tion and shock–shock interaction, leading to an
efficient particle acceleration.

While the remote sensing observations and the
in-situ measurements close to Earth have been
discussed in great detail, we will present here the
in-situ measurements of near relativistic electrons
and protons of moderate energies as measured by
the instrumentation summarized in section 2. The
spacecraft locations are given in the left panel of
Fig. 1. The archimedean spirals connecting the
Earth (E), STEREO A (A) and STEREO B (B) are
given by the green, red and blue curves, respec-
tively. The corresponding footpoint separation
with respect to the flare longitude are given in the
upper left corner of that figure. They have been
calculated by using the measured solar wind speed
at the energetic particle onset time as shown in the
lower panel of Fig. 2. [11] shows that the Earth
and the Mars Science Laboratiy were magneti-
cally well connected and it should be noted here
that the Radiation Assessment Detector (RAD)
detected this event too [15]. In what follows we
describe the instrumentation used for our study
and the observations from different viewpoints in
the inner heliosphere.

2 Instrumentation
Instrumentaion used in the study

SOHO/EPHIN: The Electron Proton Helium IN-
strument (EPHIN) experiment consists of a stack
of silicon semiconductor detectors with cylindri-
cal symmetry and a surrounding anti-coincidence.
It measures energy spectra of electrons in the
range 250 keV to >8.7 MeV, and hydrogen and
helium isotopes in the range 4 MeV/n to >53
MeV/n [7].

SOHO/ERNE: One of the scientific instruments
of SOHO is the energetic particle instrument
ERNE (Energetic and Relativistic Nuclei and
Electron). Measurement of energy spectra of low-
energy and high energy particles are carried out
by the Low Energy and the High Energy Detector,
respectively. Particles from protons up to iron in
the energy range of 1.3- 120 MeV/nuc (protons)
and isotopes up to neon can be resolved [13].

ACE/EPAM: The Electron Proton and Alpha
Monitor (EPAM) measures ions and electrons
over a broad range of energy and intensity with
five separate telescopes that provide a broad pitch
angle coverage in one spin period [4]. For the
purposes of the current study high-resolution
electron data obtained by the Low-Energy Foil
Spectrometer (LEFS60) have been used. It mea-
sures electrons in four energy channels between
45−312 keV and samples an annulus centered
at 60◦(±25◦) to the ACE spin axis, divided into
eight 45◦ wide sectors.

STEREO: The twin STEREO mission was
launched in 2006 and is ideally suited to perform
multi-point observations of solar energetic par-
ticle (SEP) events. Equipped with identical re-
mote sensing and in-situ instruments, it allows to
identify a possible source region of these events.
One of the two spacecraft is moving ahead of
the Earth (STEREO A) and the other is trailing
behind (STEREO B). The longitudinal separa-
tion between both spacecraft grows about 44 de-
grees per year while the radial distance to the
Sun stays nearly the same at ∼1 AU. On May 17
2012 STEREO A and B spacecraft were located
at 114.8◦ W, 0.1◦ N and 117.6◦ E and 0.2◦ N
and at a radial distance of 0.96 AU and 1.1 AU,
respectively.

SEPT: The Solar Electron Proton Telescope
(SEPT) measures ions and electrons in the energy
range from 20 to 7000 keV and 20 to 400 keV,
respectively. On the non spinning platform four
identical telescopes provide pitch angle informa-
tion [8].

HET: The High Energy Telescope uses like
SOHO/EPHIN the solid state detector, dE/dx vs.
E measurement principle in order to measure pro-
tons and helium ions up to 100 MeV/nucleon, and
energetic electrons up to 5 MeV [14].
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Figure 2: From left to right are shown in-situ observations at STEREO A, ACE, and STEREO B from
May, 16 to May 20, 2012. From top to bottom the intensity time profiles of 65 to 105 keV electrons,
and ∼40 MeV protons, the magnetic field azimuthal and latitudinal angles, the magnetic field strength,
and the solar wind speed are displayed (for details see text).

3 Observations
Fig. 2 displays in its three panels from left to right
in-situ measurements from STEREO A, ACE and
STEREO B from May 16 to May 20, 2012, in-
cluding the time period of the May 17, 2012 GLE.
Each figure displays in the upper two panels the
intensity time profiles of 65 to 105 keV electrons
and ∼ 40 MeV protons. The next three panels
are devoted to the magnetic field azimuth, eleva-
tion and strength. The lowest panel of each figure
shows the solar wind speeds. From the figure it is
interesting to note that STEREO A was embedded
in a fast solar wind stream and observed clearly
the Interplanetary signature of a CME around May
18, 12:43 UT, as discussed above. In contrast the
in-situ observations at ACE and STEREO B indi-
cate a more complex situation. The rotation of the
magnetic field at ACE indicates that some remain-
der of a previous slow CME from May 11, 2012
launched about 23:40 UT was passing the Earth
(http://www.stereo.rl.ac.uk/HIEventList.html).

A particle intensity increase was observed for
near relativistic electrons and protons with about
40 MeV at all spacecraft locations. Fig. 3 displays
from top to bottom the dynamic radio spectra as
measured aboard STEREO A (left), ACE (mid-
dle), and STEREO B (right) for May 17, 2012
only. The middle and lowest panel show the sector
intensities and the anisotropy index from the dif-
ferent 65 to 105 keV channels. The anisotropy in-
dex A =

∫
µ f (µ)dµ∫

f (µ) has been calculated by fitting a
second order polynomial to the pitch angle distri-
bution f (µ). Since the pitch angle coverage is not
perfect strong fluctuations have been smoothed
by using a running mean. Comparing the time
and anisotropy time profiles with the dynamic ra-
dio spectra it is obvious that only at Earth a short

delay in timing between the radio burst and the
particle onset at the spacecraft is measured. This
however corresponds to the observation of a sig-
nificant anisotropy by ACE close to Earth and a
nearly isotropic gradual intensity increase at the
two STEREOs.

In order to provide an objective identification of
the onset time for each energy and spacecraft, we
have applied the following algorithm: Firstly, the
algorithm determines the average intensity 〈I〉 and
the standard deviation σ inside the specified time
window, following that, it compares the data just
ahead of this window with a threshold 〈I〉+n ·σ
with n = 3 . When a number m of consecutive
points fulfils such condition, the onset is defined
as the time stamp of the first point above the
threshold[6]. We find onset times tOn of tOn = 7 :
15 UT, tOn of tOn = 1 : 50 UT, and tOn of tOn =
4 : 35 UT for STEREO A, ACE, and STEREO B,
respectively. In order to describe the longitudinal
structure of the SEP event (see [3]) we determined
the maximum intensity Imax and the rise time tR
of the event. For STEREO A it should be noted
that the electron time profile is dominated by ion
contamination due to the high proton flux, as
indicated by shading in Fig. 2. Therefore we only
give a lower limit for Imax and no tR for STEREO
A. The resulting values are Imax ≥ 300 particles/(s
sr cm2 MeV), Imax = 27.0 103 particles/(s sr
cm2 MeV), and Imax = 32.2 particles/(s sr cm2

MeV) and tR = 40 min, and tR = 550 min for
ACE, and STEREO B, respectively. However,
from comparing the intensity time profiles with
the other spacecraftit is obvious that the rise time
is similar to the one at STEREO B.
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Figure 3: This figure compares the dynamic radio spectra (upper panel) with the intensity time profiles
of near relativistic electrons (middle panel) and the observed anisotropy (lower panel) at the three
different spacecraft longitudes (from left to right STEREO A, ACE and STEREO B).

4 Summary and concluding remarks
In this short paper we present in-situ observations
from the May 17, 2012 event. We could show that
the event was seen by several spacecraft in the in-
ner heliosphere with a strong spatial dependence
of the event characteristic. Here we focussed on
the longitudinal dependence and neglect obser-
vation closer and further away from the Sun as
≈ 1 AU:
Maximum Intensities: In order to estimate the
longitudinal extend of the GLE we follow the
method suggested by [3] and fit a Gaussian dis-
tribution to the observed maximum intensities as
function of distance to the flare longitude. Assum-
ing typical background intensities as measured by
SEPT, we find a longitudinal extend of ≈ 230◦.
From the analysis of 18 further wide spread SEP
events [3] we conclude that the May 2012 GLE
behaves intensity wise like one of the average
wide spread events.
Time to Maximum and anisotropies: Compar-
ing STEREO A, STEREO B with the ACE inten-
sity and anisotropy time profiles it is obvious that
also this event characteristic follows the expected
dependence. While the Earth is ”well” connected
to the source region both STEREO A and B are
not. If the particles would be injected close to the
Sun onto the connecting field line because of the
accompanying ICMEs the decreasing maximum
intensities could be explained, but not the van-
ishing anisotropies and long time to maximum
values. Especially a very short mean free path
along the magnetic field for STEREO A and B
seems to us unlikely, because of the very different
plasma conditions the spacecraft were in. Thus an
explanation invoking a continuous perpendicular
transport in the inner heliosphere seems to us
more likely.
Onset times: While the event onset is only de-
layed by a few minutes at Earth the delay towards
STEREO A and B is large as expected by any

transport away from an extended source region.
However, it is important to mention that the de-
lay is shorter towards STEREO B than towards
STEREO A although we would expect the oppo-
site. Several options may be responsible for such
an expected features, from which one could be
attributed to a CME-CME interaction close to the
Sun and therefore an additional delay towards
STEREO A [12] or a more disturbed heliosphere
due to CME pre event activity, or an anisotropic
perpendicular transport due to the curvature of
the interplanetary magnetic field as in [2]

References
[1] Bazilevskaya, et al. : 2013, J. Phys. Conf. Ser.

409, 012188.
[2] Dresing, et al.: 2012, Solar Phys. 281, 281.
[3] Dresing, et al.: 2013, this conference.
[4] Gold, et al.: 1998, Space Sci. Rev. 86, 541.
[5] Gopalswamy, et al.: 2013, Astrophys. J. 765,

L30.
[6] Malandraki et al., 2012, Solar Phys., 281,

333
[7] Müller-Mellin, et al.: 1995, Solar Phys. 162,

483.
[8] Müller-Mellin,. et al.: 2008, Space Sci. Rev.

136, 363.
[9] Picozza, et al.: 2007, Astrop. Phys. 27, 296.
[10] Posner, et al.: 2009, Space Weather 7, 5001.
[11] Posner., et al.: 2013, submitted.
[12] Shen, et al.: 2013, Astrophys. J. 763, 114.
[13] Torsti, et al.: 1995, Solar Phys. 162, 505.
[14] von Rosenvinge, et al.: 2008, Space Sci.

Rev. 136, 391.
[15] Wimmer-Schweingruber,. et al.: 2013, LPI

Contrib. 1719, 1450.
Acknowledgment: The STEREO/SEPT and SOHO/EPHIN

projects are supported under Grant 50 OC 1302 by the German
Bundesministerium für Wirtschaft through the Deutsches Zen-
trum für Luft- und Raumfahrt (DLR).


	Introduction
	Instrumentation 
	Observations
	Summary and concluding remarks

