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Abstract: The first ground level enhancement (GLE) event observed in the current solar cycle 24 has been linked
with an M5.1 flare and a fast CME on May 17, 2012. We report an observation by the Tupi experiment of muon
excess in association with the May 17, 2012 event. Using the complementary data from ground-based and space-
based detectors, we analyse the May 17, 2012 event timeline. We also compare the time evolution of the muon flux
variation observed by the Tupi telescopes with the trigger time of the interplanetary disturbances following the
May 17, 2012 event. It is possible to interpret the observed Tupi signals with the CME/sheath striking the Earth
magnetosphere on May 20, 2012. Based on the Tupi data, we estimate the time delay and the signal significance of
the flare and the CME ejecta, as well as the Earth passage time of the ejecta.

Keywords: Solar Physics, Solar Flares, Coronal Mass Ejection, Ground level Enhancements

1 Introduction
Ground-level enhancements (GLEs), typically in the GeV
energy range, are sudden increases in cosmic ray intensities
registered by neutron monitors (NMs), which are ground
based instruments that detect the secondary neutrons pro-
duced by the primary protons penetrating the Earth’s at-
mosphere [1]. These enhancements can be registered by
other types of ground detectors, such as air shower detec-
tors and muon telescopes [2]. In most cases GLEs take
place during the intense X-class1 solar flares as well as the
fast (above ∼ 1000kms−1) Coronal Mass Ejections (CMEs)
[1, 3]. There are some GLEs cases associated with weaker
flares and slower CMEs [4] .

Since 1950th the observation and the study of the pow-
erful solar flares has been done exclusively with NMs all
around the world, especially in the polar regions [5, 6, 7].
Observation with NMs yield a lot of new information.
For instance, the anti-correlation between solar activity
and the flow of galactic cosmic rays, the existence of a
prompt and late emission in flares, correlations of the
cosmic ray intensity with CMEs and other solar distur-
bances crossing the Earth, etc. [8, 7]. Nowadays, parti-
cles accelerated near the Sun can be detected by space-
borne instruments. The measurement of high energy pro-
tons in space is achieved by the High Energy Proton and
Alpha Detector (HEPAD) [9] on the Geostationary Oper-
ations Environmental Satellite (GOES), which provides
data on differential fluxes in three channels in the ener-
gy region between 350 MeV and 700 MeV, integral flux
above 700 MeV, and the X-ray flux in two wavelengths
(htt p : //www.oso.noaa.gov/goes/index.htm).

Among 16 GLEs observed in the previous solar cycle 23,
14 GLEs were linked with X-class flare, one with an M7.1-
class flare and one with a C2.2-class flare. It was reported
that in 15 GLE the associated blast has also emitted a CME
[10]; [11, 4]. Usually the CMEs provide conditions for

the seed particles to be re-accelerated. These shock driven
CMEs lead to GLEs that can be observed by ground based
detectors.

Here we present new data on the observation of muon
excess in association with the M5.1-class flare. In this study
we include data obtained by other ground based observation-
s, such as Oulu NM [12] and the IceTop air shower detec-
tors [13], as well as observations obtained by space-borne
detectors. In addition, we also analyze the Earth passage of
the magnetic disturbance linked with the CME originated in
the solar eruption on May 17, 2012. The Tupi observation-
s are studied in correlation with observations reported by
the Advanced Composition Explorer (ACE) located in the
L1 Lagrangian point (htt p : //www.swpc.noaa.gov). We
also used the estimated 3 hr planetary Kp index consider-
ing that it reflects the mean magnetospheric activity ((htt p :
//www.swpc.noaa.gov/rtplots/kp3d.html)). Based on the
Tupi data, we obtained the time delay and the signal signifi-
cance of the flare and the CME ejecta, as well as the earth
passage time of the ejecta.

2 Observation of the GLE on May 17, 2012
by the Tupi muon telescope

Here, we present the muon excess associated with the
May 17, 2012 M5.1-class solar flare observed by the
Tupi muon telescopes. We compare our data with ob-
servations made by spacecraft detectors, such as GOES
satellites. The timeline of the solar flare (onset;peak;end)
is as follows: (01:25 UT;01:47 UT;02:14 UT) (htt p :
//www.lmsal.com/solarso f t/latesteventsarchive.html).
The X-ray energy flow measured by the GOES in the wave

1. Flares are classified into X, M, C, B and A flares, with X
corresponding to GOES flux in excess of 104 Wattsm−2 at
Earth, and successive classifications decreasing in decades.
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Fig. 1: Observation of the May 17, 2012 solar flare. The
x-ray prompt emission of the solar flare at the onset time
(01:25 UT) is classified as M5.1 class by the GOES satellite
(top panel). Proton flux time profile observed by the GOES
satellite (central panel). For comparison, there is time profile
of the 5-min muon counting rate observed by the inclined
Tupi muon telescope (bottom panel).

length 0.8-4 A is used to classify the solar flare. For the
May 17, 2012 event the X-ray energy flow peak went up to
5.1×10−5 Watts m−2, and represents an M5.1-class flare.
In general, M-class flares are ten times smaller (in X-ray
flow) than the X-class flares (the most powerful). The May
17, 2012 solar eruption consisted of an M5.1 soft X-ray
solar flare and a fast CME. In addition, the GOES regis-
tered increase in the proton flux. There was observed a S2
radiation storm. Figure 1 summarizes the situation.

On May 17, 2012, there have been observed a significant
increase in the counting rate of the IceTop air shower
detector2, a neutron monitors at the South Pole NM and
Oulu NM (close to the North Pole) in association with the
M5.1-class flare. This observation constitute the first GLE
in the current solar cycle 24.

A comparison between the GLE observation made by
the IceTop air shower detector at the South Pole and the
muon counting rate in the inclined Tupi telescope is shown
in Figure 2. The IceTop has two discriminators rates: SPE
(Single Photo Electron) and MPE (Multi Photo Electron).
The counting rates (for both SPE and MPE) are in the range
from 1 to 10 kHz. On the other hand, the counting rate of
the Tupi telescopes is 100 kHz. In Figure 2 we show the
time profiles of the vertical and inclined Tupi telescopes on
May 17, 2012. The muon excess over background in the
vertical Tupi telescope is ∼ 10%, and in the inclined Tupi
telescope - 20%.

The GLE event observed by the Oulu NM (located in the
region near the North Pole) on May 17, 2012 is presented
in Figure 3. For comparison we show the time profile of the
5-min muon counting rate in the inclined Tupi telescopes
on May 17, 2012.

These ground based observations show large extension
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Fig. 2: Top panel: time profile of the SPE-MPE counting
rate change (in percent) observed by the IceTop air shower
detector. Bottom panel: time profiles of the 5-min muon
counting rate observed in the vertical and inclined Tupi
telescopes on May 17, 2012. All observations were made
on May 17, 2012.

and anisotropy of the SEP linked with the M5.1 solar flare.
Usually the counting rate of secondary particles produced by
vertically incident projectiles is in reverse correlation with
the atmospheric pressure. The variation of the barometric
coefficient observed by NM detectors is around 1% per
mbar. However, the variation of the barometric coefficient
for muons at sea level is ∼ 10 times lower, i.e. 0.1%−0.2%
per mbar.

We would like to point out some differences between the
Tupi observations and the IceTop-Oulu observations. The
Tupi telescopes observe the muon excess as a narrow peak.
As one can see from Figures 2 and 3, the width of the GLE
signal observed by IceTop-Oulu is ∼ 3 times wider that the
Tupi peak. This difference can be attributed to the small
field of view of the Tupi telescopes. The effective field of
view of NMs and air shower detectors is higher, ∼ 3.14sr.
The muon telescope detects only those particles whose
direction of propagation is close to the axis of the telescope,
by other words, when the particle flux is contained within
the telescope field of view.

Comparison of the May 17, 2012 GLE signal signifi-
cance as a function of the onset time and the peak time is
summarized in Figure 4. From this figure we can see that
Tupi observed the peak of the signal before the solar flare
maximum (detected by GOES), and the IceTop and Oulu
experiments observe the GLE peak after the solar flare max-
imum. For 1.2 AU Parker spiral length, the solar particle

2. The IceTop surface component of the IceCube neutrino obser-
vatory.
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Fig. 3: Top panel: The May 17, 2012 GLE event observed
by the Oulu NM (corrected and uncorrected for pressure).
The onset time is 01:43 UT (when the intensity is 2% of
the peak). Bottom panel: time profile of the 5-min muon
counting rate observed by the inclined Tupi muon telescope.

release time has been reported as (01:40 UT), normalized
to electromagnetic emissions [14].

3 Tupi observation of the O-type CME on
May 20, 2012

Recently the Tupi experiment has reported the results of an
ongoing survey on the association between the muon flux
variation at ground level and the Earth-directed transient
disturbances in the interplanetary medium propagating
from the Sun (such as CME and corotating interaction
regions (CIRs)) [15]. In present work we apply the same
method for the analysis of the geomagnetic disturbance
linked with the CME associated with an M5.1 solar flare on
May 17, 2012. According to the SOHO LASCO/C2 (htt p :
//sohowww.nascom.nasa.gov/), the CME first appearance
was at (01:48 UT).

A sudden increase in the density, speed, and temperature
of the solar wind and in the IMF intensity registered by a
satellite, indicates the arrival of a shock wave . If the origin
of the disturbance is the CME ejecta, then the disturbance
crosses the Lagrange point L1 first, and after several hours
it arrives at Earth. If CME has significant southward com-
ponent (Bs) of the interplanetary magnetic field (IMF) in
either the sheath behind the shock or in the driver gas (mag-
netic cloud), then after reaching the Earths magnetosphere,
it may lead to geomagnetic storms ([16]). In addition , the
ground-based detectors can observe depressions of cosmic-
ray intensity (so called Forbush events) due to the shadow
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Fig. 4: Correlation between the onset time and the peak
time for the May 17, 2012 GLE observed by different
experiments. The X-ray prompt emission of the solar flare
at the onset time (01:25 UT) is classified as an M5.1 class
by the GOES satellite. The solar flare peak time determined
by GOES is (01:47 UT).

effect by the passage of the disturbance on the Earth. Sev-
eral indices were developed to reflect global information
about current magnetospheric activity based on different
inputs at different locations around the globe. Kp and Dst
are the most widely used indicators.

According to the Stereo A spacecraft, the speed of the
O-type CME on May 17, 2012 was ∼ 1500kms−1. The
preliminary analysis indicated that the CME was not entirely
directed to the Earth. However, according to the SWEPAM
solar wind detector on board the ACE spacecraft, on May 20,
2012 at (01:44 UT) there was registered an interplanetary
shock. A possible origin of this shock was the O-type CME
of May 17, 2012. The shock signal at Earth was very soft,
with the Kp index Kp = 4 at (3-6 h UT). This means that the
disturbances in the geomagnetic field caused by the CME
eject was of minor scale.

The signal (with significance 4.1%) in the vertical Tupi
telescope is observed at (∼ 4hUT ) in association with a
Kp = 4 (see the first arrow in Figure 5). The second arrow
at ∼ 13h UT indicates ∼ 10% increase in the Tupi muon
couning rate, the corresponding Kp = 3 at (12-15 h UT).
Possible explanation of this observation is that the travel
duration of the magnetic disturbance through the Earth was
around 9 hours. After the passage, the Kp index falls to
Kp = 1. In Figure 5 we show comparison between the solar
wind parameters (temperature and speed) observed by the
SWEPAM solar wind detector on board the ACE satellite,
the Kp index and the muon counting rate in the vertical Tupi
telescope on May 20, 2012.

4 conclusions
Here we described an observation by the Tupi muon tele-
scopes of the muon excess at ground level associated with
an M5.1 class solar flare on May 17, 2012. This means that
the particles, producing muons in the Earth’s atmosphere,
were emitted by the Sun, and their transport to Earth was
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Fig. 5: Comparison between the solar wind parameters
(temperature and speed) observed by the ACE satellite (two
panels from the top), the Kp index (bottom panel) on May
20, 2012 and the muon counting rate in the vertical Tupi
telescope (third panel). The Tupi counting rate is 5 min
binning here. The arrows in the third panel indicates the
begin and the end of the disturbance signal on Tupi data.

practically nondiffusive. This first GLE event of solar cycle
24 was registered by neutron monitors all over the world.

We have reported a description and an analysis of the
time evolution of the muon flux variation at ground level in
temporal correlation with the May 20, 2012 CME linked
with the M5.1 solar flare.

The Tupi muon telescopes are sensitive to primary parti-
cles (including photons) with energies above the pion pro-
duction threshold. The Tupi telescope can detect muons at
sea level with energies greater than ∼ 0.2−0.3 GeV. The
Tupi telescopes are located at sea level and within the SAA
region, where the shielding effect of the magnetosphere
has a ”dip” due to the anomalously weak geomagnetic field
strength. This characteristic allows the observation of tran-
sient events of diverse origins. In this area the primary and
secondary charged cosmic ray particles can penetrate deep
into the atmosphere owing to the low magnetic field intensi-
ty over the SAA. In this region the solar flare induced parti-
cles will come down to very low altitudes. Consequently,
in the SAA region cosmic ray fluxes at lower energies are
higher than world averages at comparable altitudes. This
feature is reflected as an enhancement in the counting rate
of the incoming primary cosmic rays flux.

We have also shown at least three experimental evidence
of the association between the different types of solar flares
and GLEs detected by the Tupi telescopes, already in the
current 24th solar cycle.

Our experimental data show that the Tupi experiment is

able to add new information and can be complementary to
other techniques designed to study solar transient events.

It is obvious that further experimental observations of
experimental events in association with solar transient
events are necessary to get better statistical constraints in the
study of space weather conditions in Earth’s environment.
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