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Abstract: We identified three neutron monitor stations in the Americansector that registered the impulsive phase
of the GLE event on November 2, 1992 (event 54) and constructed an estimate for the rigidity spectrum of the
high-energy particles present on the event computing each station’s median response energy for solar particles
taking into account the particular geomagnetic conditionsduring the event that modify the normal cut-off rigidity
for each of the sites. Our result complements a previously reported low-energy spectrum for the gradual phase of
the same event.
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1 Introduction
There is an increasing interest in evaluating the sun’s max-
imum capacity to accelerate particles. This has motivated
different studies with data from high cutoff rigidity neu-
tron monitors (Debrunner et al. 1997; Karapetyan 2008;
Beisembaev et al. 2009; Chilingarian 2009). Recently,
Vargas-Ćardenas and Vald́es-Galicia (2012) reported a sta-
tistically significant signal in the Mexico City neutron mon-
itor database that matches the onset time of GLE 54, thus
providing evidence of high energy particle acceleration at
the Sun’s surface, because of the site’s high cutoff rigid-
ity (8.2 GV) and high median response energy to solar
particles of the instrument (∼ 11 GeV). Nevertheless, it
remained the question of determining the particles’ spec-
trum.

2 Event scenario
GOES-7 satellite registered an X9.0 flare beginning at 2:31
with a peak at 3:08 and ending at 3:28 UT (Fig. 1). There
were two coronal mass ejections associated with this flare;
one starting at 2:53 with a type II radio burst and the other
at 3:02 UT with a type IV burst. Although there was no
sudden commencement, a significant magnetic storm was
taking place as the solar particle event begun; the Kp in-
dex reached a maximum value of 6 at 23:00 UT on 1
November; at the time of the observed GLE peak (3:45
UT) the Kp index was 5.5 and the Dst hourly average was -
59. A sudden ionospheric disturbance of importance 3 and
widespread index equal to 5 started at 2:32, peaked at 3:04
and ended at 9:40 UT. The direction of the IMF at 3:40 UT
was 41o, a little eastward from the nominal Parker spiral,
favoring the asymptotic directions of North American sta-
tions (Vargas-Ćardenas and Vald́es-Galicia 2012).

3 Data and previous results
We used the pressure corrected five minute counts of
Goose Bay, Deep River and Mexico City NM’s, the only
three NM stations that registered the impulsive phase of
GLE 54 (Vargas-Ćardenas and Vald́es-Galicia 2012). On-

set times for the different phases of the event were taken
from (Miroshnichenko and Ṕerez-Peraza 2008) and (Shea
et al. 1995).
Kohno and Struminsky (1993) analyzed the same SEP
event in lower energies and gave a spectrum for its gradual
phase with an indexγ = 4.5 for energies higher than 110
MeV. Unfortunately, as mentioned before, only three NM
stations registered the impulsive phase of the event, which
makes it difficult to construct an estimate for the spectrum;
therefore, what we obtain below should be considered an
estimate only.

4 Analysis and results
The characteristics of the three NM stations that registered
the impulsive phase of GLE 54 are listed in Table 1.

Table 1. Characteristics of the three neutron monitors
which registered the impulsive phase of GLE 54

Station Detector N Latitude E Longitude Altitude Nominal rigidity cutoff
[NM-64] [◦] [◦] [m] [GV]

Goose Bay 18 53.27 299.60 46 0.64
Deep River 48 46.10 282.50 145 1.07
Mexico City 6 19.33 260.80 2274 8.2

Figure 2 is a plot of Deep River and Goose Bay data flat-
tened by Daubechies filters; both the impulsive and the
gradual phases of the event are clearly distinguished. Deep
River shows an increase in its count rates of 1.2% at 3:35
UT while Goose Bay has a 1.4% increase 3:50 UT; this
corresponds to the impulsive phase of the event. A second
increase is observed between 4:30 and 6:30 UT, approxi-
mately; this is the signature of the gradual phase.
Mexico City neutron monitor did not see the lower en-
ergy gradual phase, but it shows a 2.1% increase at 3:45
UT falling above the 3σ threshold (Fig. 3) and validated
through two independent statistical tests, which should
correspond to the impulsive phase (Vargas Cárdenas and
Valdés-Galicia 2012). The difference in the timing of this
peak between the three mentioned stations could be due
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Figure 1: GOES-7 satellite hard and soft X ray data for November 1 to 3,1992 (taken from Solar Geophysical Data 581).

Figure 2: Flattened Deep River (dashed) and Goose Bay
(solid) neutron monitors data for November 2, 1992.
Dashed straight lines indicateσ and 2σ thresholds. Both
impulsive and gradual components of the event are appar-
ent on both time series.

to a strong anisotropy in the high energy particle flux, but
their coincidence in recording the event may be explained
by the location of their corresponding asymptotic cones of
acceptance, which are close to each other (Smart, Shea and
Flückiger 2000). Mexico City’s cone of acceptance may
have had a better connection with the IMF direction, hence
the higher value of its increase in the count rates, irrespec-
tive of the higher cut off rigidity of the station.

Table 2. Normalized fluxes at sea level for the stations
that observed the impulsive phase of GLE 54

Station Maximum of Baseline Diference (solar Solar flux at
impulsive phase [counts/s] contribution) sea level

[Counts/s] [Counts/s] [m−2s−1r−1]
Goose Bay 190.10 188.86 1.24 0.0233
Deep River 555.51 548.87 6.64 0.0340
Mexico City 21.29 20.84 0.45 0.0095

In order to have an estimate of the energy of the particles
responsible for this statistically validated peak, we haveto

Figure 3: Flattened Mexico City data for November 2,
1992. The dashed line represent the 3σ threshold. The
2.1% increment observed at 3:45 UT corresponds to the
onset time of GLE 54.

take into account that, as a result of the high magnetic ac-
tivity mentioned in Section 2, the geomagnetic cutoff val-
ues were significantly lower than during quiet times. The
cutoff for the site of the Mexico City station may go as
low as 7.5 GV during a strong magnetic storm (Pchelkin
et al. 2007). Taking this value as a lower bound for the cut-
off, we can compute the median response energy of our de-
tector using the yield functions of Lockwood et al. (1974)
and Stoker (1981), the upper limit spectrum for protons of
Miroshnichenko (2001) and the response function of Clem
and Dorman (2000). We get a value of 11.3 GV for this
median rigidity. Therefore, we may conclude that the Sun
emitted protons with rigidities of at least 7.5 GV and most
probably around 11.3 GV during the X9.0 flare that oc-
curred on November 2, 1992, thus producing GLE 54.
Repeating the same process, we get a value of 8.95 GV for
the median response rigidity of Goose Bay and 8.89 GV
for Deep River. With these three values, though very few,
we can construct an estimate for the rigidity spectrum of
the particles that were present in the impulsive phase of the
event. For that matter, it is necessary to normalize the cor-
responding counting rates of each detector to an equivalent
rate at sea level. To perform this normalization, we need
to find the solar particles’ contribution to the total count-
ing rate. This is achieved subtracting the mean counting
rate over the baseline of the event from the counting rate
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at the peak of the event. Such contributions are then com-
pared with the counting rate that corresponds to the com-
bined galactic proton and neutron normalized flux, which
has a value of 0.32m−2s−1sr−1 (Longair 1981; Grieder
2001), thus obtaining the solar contribution’s normalized
flux. The results of this normalization are shown on Table
2. The three points of the last column on Table 2 are fitted
by the power law

J = 5.99X102 P−4.56,

with a correlation coefficient of 0.95. HereJ represents
vertical flux in m−2s−1sr−1 andP is rigidity in GV. The
constant 5.99102 has a low value, an order of magnitude
lower than usual, indicating that the impulsive phase of the
event was rather weak, while the spectral indexγ = 4.56
is relatively high, which means such phase was somewhat
short. These values should be taken as an approximation
only, because of the extremely limited number of experi-
mental points and the low resolution of the counting rates
(5 min). Nevertheless, the spectral index falls within the
expected range for this kind of events (e.g. Lockwood et
al. 1974; Watanabe et al. 2005). The corresponding plot is
included in Fig. 4.

Figure 4: Rigidity spectrum for the impulsive phase of
GLE 54;γ = 4.56.

As mentioned before, Kohno y Struminski (1993) obtained,
using SAMPEX satellite data, a spectrum for the gradual
phase of the same event in lower energies. They found a
spectral index of 4.5 for the particles with energies higher
tan 110 MeV. Our result is thus consistent with the previ-
ous one, being our spectrum only a little softer, which in-
dicates the impulsive phase was somewhat shorter.
If we consider that this detection is at the limit of this in-
strument, we can take the value of 0.0095m−2s−1sr−1 (Ta-
ble 2) as the minimum normalized flux of solar particles
necessary to produce a signal on the galactic background
detected by our instrument. That is, if we don’t get a signal
for a specific solar particle event, that doesn’t mean there
were no particles above the 7.5 GV threshold; it means its
normalized flux did not exceed 0.0095m−2s−1sr−1.

5 Conclusions
1. We found an estimate ofγ = 4.56 for the spectral in-

dex of the high energy particles present in the im-
pulsive phase of Ground Level Enhancement No. 54
(2 November 1992). Our result is consistent with a
previous one obtained for the lower energy particles
present in the gradual phase of the same event.

2. We found an estimate lower bound of 0.0095
m−2s−1sr−1 for the normalized flux that solar parti-
cles above 7.5 GV must have in order to produce a
signal above the galactic background on the Mexico
City neutron monitor data.
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