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The effects of Space Weather events on cosmic rays detected by the Solar Neutron Telescope
(SNT) at Sierra Negra, Mexico, were studied. The SNT is part of the Sierra Negra Cosmic Ray
Observatory (SN-CRO), located at 4580 m a.s.l. We analyzed the data recorded by six SNT
channels (C2, C3, C4, N2, N3, and N4) during geomagnetic storms from December 2015 to
December 2022. Using the Dst and Kp indices, 30 moderate (Dst < -50 nT, Kp > 5) and intense
(Dst < -100 nT, Kp > 7) geomagnetic storms were selected. The C2, C3, C4, N2, N3 and N4
channels detect charged and neutral particles, respectively, with energy deposition thresholds of E
> 60, 90 and 120 MeV. The counting rates of these channels present diurnal variation, which was
removed with the seasonal trend decomposition using Loess method. After data treatment, either
significant decreases or enhancements were observed in the trend of at least one SNT channel for

21 of the analyzed events. Two confirmed Forbush decreases were also identified.
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1. Introduction

The phenomena that occurs in near-Earth space, modulated by the conditions of the Sun, the
interplanetary medium, Earth’s magnetosphere and upper atmosphere; as well as their impact on
society and technology, is known as Space Weather (SW). Large disturbances in Space Weather,
such as geomagnetic storms (GSs), shock waves and energetic particle events are mostly associated
with three solar activity transient phenomena, also known as SW events: corotating interaction
regions (CIRs), solar flares and coronal mass ejections (CMEs) [3].

A GS period is defined as a time interval during that a sufficiently intense and long-lasting inter-
planetary convection electric field leads, through a substantial energization in the magnetosphere-
ionosphere system, to an intensified ring current strong enough to exceed some key threshold of the
quantifying storm time Dst index [6].

Monitoring SW has gained relevance in recent decades, and Mexico has developed a Space
Weather Service (SCIESMEX) since 2014. The SCiESMEX reports on past and real-time space
weather events, publishing the data from several cosmic ray and radio telescopes across the country.
Our research group includes the Solar Neutron Telescope (SNT) at Sierra Negra, located 4580 m
a.s.], which is able to detect galactic and solar cosmic rays (CRs).

Cosmic rays are affected by Space Weather in two ways: (a) intensity decreases caused generally
by CMEs, and (b) intensity increases caused by the acceleration of particles in solar flares and/or
in the interplanetary space [6].

The SNT consists of a 4 m? array of 30 cm thick plastic scintillators, surrounded by a gondola
of anti-coincidence proportional counters, which allow the separation of signals from charged and
neutral particles. In this way, the SNT has 4 energy deposition thresholds of E>30, 60, 90 and 120
MeV, which coincide with 8 main energy channels: 4 for charged particles (C1-C4) and 4 for neutral
particles (N1-N4). For details in the SNT’s structure and detection principles, see [4, 10, 11]. The
objective of this study is to determine if the SNT could contribute to the SCIESMEX, establishing
its signatures of SW events and its response to GSs.

2. Methodology

Based on the Dst and Kp indices, the occurrence of 25 moderate (Dst<-50 nT, Kp>5) and 5
intense (Dst<-100 nT, Kp>7) geomagnetic storms (GSs) was identified from December 2015 to
December 2022. We had SNT data for 26 out of these 30 GSs. We analyzed the data registered
by the SNT’s N2-N4 and C2-C4 channels. The data were pressure corrected using the pressure
correction coefficients calculated in [1]. Subsequently, the data were normalized to the average
counting rate of four days prior to each GS. We also calculated the background data with a third
degree polynomial curve.

The SNT channels have an exacerbated diurnal variation (DV), from ~ 2-12% of the counting
rate. This DV was removed to verify if possible variations were indeed due to GSs. Each channel’s
counting rate was treated with a robust method of time series decomposition: the Seasonal-Trend
decomposition using LOESS (STL) method. The STL method uses locally fitted regression models
to decompose a time series into trend, seasonal, and remainder components. In this case, the
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seasonal component is the DV itself. So, we proceeded to analyze the trend of each channel’s
counting rate during GSs.

Two curves were compared: the background data and the data trend. We calculated significance
lines above and below the background data curve based on each channel’s DV percentage. In this
way, for a 2% DV, another variation would have to be at least 50% of that DV to be significant. For
5% DV, the significance would be 35%, and for 8-12% DV, the significance would be 20%.

3. Results and Discussion

After data treatment, 21 SW events that produced GSs influenced the counting rate of at least
one SNT channel. No variations were observed for three GSs, and the SNT data were incomplete
or unreliable for the rest. The majority of GSs were caused by CIRs, given that we analyzed the
descending phase of the 24th solar cycle, with minimal solar activity.

Significant increments, decrements and two confirmed Forbush decreases (July 16th and
September 7th, 2017) were identified. The maximum percentage variations, shown in Table 1
for each event, was calculated relative to the background data. The results for the 21 events are
shown in Table 1, including non-significant (NS) variations.

GS Date SW Events Dst, Kp N2 [%] N3 [%] N4 [%] C2 [%] C3 [%] C4 [%]

Indices

20/12/15 2CMEs  -155,7 -3.35 -3.65 -3.73 -1.78 -2.12 -1.96
01/01/16 CME -110, 6 -2.99 -2.76 -3.68 -2.08 -2.14 -3.10
20/01/16 CME -93,6 +1.06 +2.24 -2.30 (NS) +1.73 +1.82 -4.30
18/02/16 CIR -57,6 -2.70 -2.94 -3.35 -1.61 -1.87 -1.86
06/03/16 2 CIRs -98, 6 +5.83 +3.94 +11.45 +1.82 +1.93 +12.03
08/04/16 CIR -60, 6 +1.08 (NS) +1.58 +1.91 (NS) +1.05 (NS) +1.49 +1.13 (NS)
08/05/16 CIR -88,6 -1.80 -2.17 -2.81 -0.79 (NS) -0.78 (NS) -0.38 (NS)
29/10/16 CIR -64, 6 -3.77 (NS) -3.56 -3.81 (NS) -0.43 (NS) -0.42 (NS) -1.18 (NS)
01/03/17 CIR -61,6 -4.47 -3.84 -4.12 241 -1.82 (NS) -2.23 (NS)
27/03/17 CIR -74, 6 +0.72 (NS) +0.70 (NS) +1.01 (NS) +1.25 (NS) +1.60 +4.24 (NS)
28/05/17 CME -125,7 -1.13 -1.18 (NS) -1.30 -0.63 (NS) -0.83 (NS) -0.51 (NS)
16/07/17 CME -72,6 -1.06 -1.18 -2.19 -1.09 (NS) -1.43 (NS) -2.28 (NS)
07/09/17 3CMEs  -124,8 -2.47 -2.71 -2.68 -1.63 -1.65 -1.29 (NS)
28/09/17 CIR -55,7 -1.29 -1.44 -2.08 -0.83 (NS) -1.04 (NS) -0.77 (NS)
20/04/18 CIR -66, 6 +0.91 (NS) +1.07 +2.41 +0.64 (NS) +0.66 (NS) +1.23 (NS)
06/05/18 CIR -56, 6 +1.80 (NS) +2.73 +3.68 +1.75 +2.23 +1.34 (NS)
05/11/18 CIR -53,6 +0.97 (NS) +0.98 (NS) +2.24 +0.37 (NS) +0.34 (NS) +0.23 (NS)
01/09/19 CIR -52,6 +1.23 (NS) +0.79 (NS) +3.34 +2.18 +1.97 +1.71 (NS)
12/10/21 CME -57,6 +1.16 (NS) No data No data +2.23 No data No data
04/11/21 CME -105, 7 -2.24 No data No data -0.92 (NS) No data No data
04/09/22 CIR -72,6 -1.16 No data No data -1.15 No data No data

Table 1: Geomagnetic Storms (GSs) with maximum percentage variations, including non-significant (NS)
variations in SN'T’s main channels.
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Most of the GSs produced decrements in the counting rate of at least one SNT channel,
especially the ones caused by CMEs, supporting the fact that the magnetic structure of a CME
acts as a barrier that diverts CRs that were Earth-bound. While the magnetic structure of CIRs
differ, producing GSs that diminish the cutoff rigidity and allowing more particles to enter Earth’s
atmosphere. For detailed differences between CME and CIR-driven storms, see [2, 9].

Every SW event that we analyzed is unique, for example, the GSs that were driven by more than
one SW perturbation had greater effects on the SNT channels, producing more intense variations. In
this paper we will only describe the event of September 7th, 2017. Figures 1 and 2 show the graphs
for this GS: the Dst index, and the neutral and charged particle channels of the SNT, respectively.

Between the days of September 4-10, 2017, multiple flares were observed on the Sun, with the
X9.3 flare of September 6th being the most intense. At least three CMEs were observed along with
these flares. The first one to interact with Earth’s magnetosphere, on September 7th, produced a
G4 GS. Almost a day later, the second CME arrived and on September 12th, the third one. Details
on these SW events can be found in [5]. Figure 1 shows a Forbush decrease in the SN'T’s neutral
particle channels that coincides with the Dst index minimum. After the decrease, the counting
rates begin to increase, reaching a maximum that was barely significant in the most energetic N4
channel. Figure 2 also shows a Forbush decrease in the C2 and C3 channels, the C4 channel was
not influenced by this GS.

The solar flare of September 10th, 2017, produced solar energetic particles (SEPs), with
energies of 400 MeV, that induced the ground level enhancement (GLE) 72 [7, 8]. GLE 72 was
observed by neutron monitors around the world and probably explains the increase shown in Figure
1.
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Figure 1: GS of September 7th 2017. The top panel shows the Dst index. The lower three panels show
SNT’s neutral particle channels percentage variations.
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Figure 2: GS of September 7th 2017. The top panel shows the Dst index. The lower three panels show
SNT’s charged particle channels percentage variations.

4. Conclusions

* We detected that the measurements of CRs detected by the channels for neutral (N2, N3 and
N4) and charged (C2, C3, C4) particles of the SNT present significant variations attributed
to geomagnetic storms caused by CMEs and CIRs. In this way, it is confirmed that the SNT
can be used to study variations in the CR flow attributed to geomagnetic storms. These
variations were obtained by making a robust treatment of the data, finding its trend with the
least possible contribution from the diurnal variation that each SNT channel presents.

* We observed that the events that presented variations in more than one channel show a
greater disturbance as the energy threshold decreases, corroborating that the measurements
are consistent.

* Our analysis shows that the signature of a CIR in the CRs detected by the SNT is generally
a significant increase in the CR flux, which intensifies if a second SW event occurs. On the
other hand, the signature of a CME is generally a decrease in the CR flux, whose significance
is not a function of the intensity of the geomagnetic storm that it causes. These differences
in CR effects between CME and CIR driven storms, might be explained with the magnetic
structure of each SW event.

* Although there are many studies that have observed fluctuations in CRs attributed to SW
perturbations, most obtain their measurements from satellites or detectors at mid-high lati-
tudes. For this reason, the results of this work are of great relevance, since, where the SNT
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is located, the cutoff rigidity of 8.24 GV is relatively high. In addition, the SN-CRO is the
second highest observatory in the world. With the results of this work, it is intended that the
SNT be used as a tool for the analysis of Space Weather in Mexico.
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