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Purpose of the Analysis

With this analysis, we aim to highlight the
decrease in cosmic ray flux (Forbush
decrease), resulting from an increase in solar
wind intensity during the geomagnetic storm
of May 10-12, 2024.

For this purpose, we analyzed data acquired by
the scintillator telescopes POLA-01, POLA-03
and POLA-04, between April 16th and May 15th
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We also used data on geomagnetic activity, provided by the “World Data Center for

Geomagnetism (Kyoto)”, to relate the flux decrease to geomagnetic field behavior.



Geomagnetic Storm

* Amagnetic storm is a temporary disturbance in
the geomagnetic field caused by irregular solar
activity, such as solar flares followed by coronal

mass ejections (CME).

* These phenomena lead to an increase in solar
wind, which, by interacting with the geomagnetic
field, can temporarily modify it, producing effects
like the aurora borealis, blackouts and

disturbances in telecommunications signals.




Dst Index

The Dst index (Disturbance Storm Time index) is used to assess the intensity of geomagnetic
storms. It measures changes in the horizontal component of Earth's magnetic field,
particularly in the equatorial region. Dst trend describes the evolution of a magnetic storm:
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Recovery Phase: Dst gradually rises back to baseline as the ring current dissipates over hours
to days.



Classifying Geomagnetic Storms with the Dst Index

Negative Dst values
8 Example 30-Day Dst Plot for the 2003 Halloween Storm

indicate the presence Atmospheric and Environmental Research Storm Classification by Shaded Regions
(nT)

and intensity of a s | AR
. ! mildstdrm [ =i {‘_r"“
geomagnetic storm. The el e WW“MW s %‘h o

100
more negative the Dst _ i
500 intensea storm [' 'l
value, the stronger the Jf
storm. Magnetic storms ~ *% V|
suU per storm
can be classified based 400 | =

on the Dstindex, as 500
represented in the figure.

5 T 10 13 16 19 22 25 28 31 1 3



The Magnetic Storm in May 2024

SDO/AIA 131 2024-05-08 00:05:56 UT

The magnetic storm that
occurred from May 10 to May
13, 2024, was caused by
extreme solar flares (above,

the solar flares of May 8§,
2024).

It was the most powerful
since the one in March
1989, and it produced
auroras at much more
equatorial latitudes than

usual.

Mercer, Maine on May 10, 2024

The peak had a DST index of =412 nT,

so it can be classified as an extreme

magnetic storm
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The Forbush Decrease

Cosmic particles are deflected by geomagnetic
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called Forbush Decrease " 2

(1) Forbush S. - On the effects in cosmic-ray intensity observed during the recent magnetic storm
Phys. Rev., 51 (1937), pp. 1108-1109

(2) Forbush S. - On world-wide changes in cosmic-ray intensity
Phys. Rev., 54 (1938), pp. 975-988
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The Dataset

, RateHitEvents |RateTrackEventd,|Pressure
.456162050000e+08], 3.216393e+01}3.216393e+01,[1.012293e+03
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b.456174250000e+08|, 3.349180e+01}3.349180e+01,(1.012293e+03
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p.456175470000e+08), 3.295082e+01}3.295082e+01,§1.012293e+03

BinStart [s]2> Time elapsed
since 01/01/2007

RateTrackEvents [Hz]

Reconstructed tracks rate

Pressure [hPa] =>

atmospheric pressure



Rate of Recostructed Tracks vs Time
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No Forbush decrease is
identifiable, because it
cannot be distinguished
from oscillations caused
by pressure variations
(barometric effect).



Barometric Effect

uncorrected rate/pressure vs time (POLA-01)
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Barometric Coefficients
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Tcor = Tuncor * €xpla(P — P)] - In(ryncor/Hz) = In(rcor/Hz) — a(P — P) tpoiaot = 0.00240 hPa~1

a — barometric coefficient, P —» mean pressure aporaos = 0.00208 hPa~?!

In order to estimate a, we used a data subset not affected by the Forbush aporaos = 0.00278 hPa~!

decrease, in such a way that the rate is influenced only by pressure.




Barometric Correction

uncorrected rates vs pressure corrected rate vs pressure
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The barometric correction eliminates the linear anticorrelation between the
pressure and the natural logarithm of the rate



Corrected Plots

Before the correction After the correction

uncorrected rate vs time rate vs time
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Forbush Decrease Observed by POLA 01-03-04

R/R
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normalized rate vs time

POLA-01 - 3h binning
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A Forbush decrease of
approximately 4% was
observed by all three
telescopes and
corresponds precisely to
the time window of the
geomagnetic storm (May
11-12, 2024).
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The Dst data provided by World Data Center for Geomagnetism, Kyoto

Provisional Dst index

Note! These data are only for non-commercial purpose.

The provisional Dst index is calculated from geomagnetic field data which were visually screened for artificial noises.

Acknowledgments: We thank the geomagnetic observatories (Kakioka [JMA], Honolulu and San Juan [USGS], Hermanus [RSA], /
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Comparison of Rate and Dst Index Trends

Comparison between normalized rate and Dst corrected rate vs dst
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The plots of the normalized rate and dst match very well. These graphs show a strong
correlation between these physical quantities, which strengthens the cause-and-
effect relationship between magnetic storms and flux decrease.



Extending the Analysis with Additional EEE Telescopes

uncorrected rate vs time

corrected rate vs time
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We extended the analysis to include four additional telescopes from the EEE collaboration,
which, unlike Pola-01-03-04, do not clearly highlight the Forbush decrease. This is
particularly true for the MRPC telescopes, currently transitioning to new gas mixtures,
causing suboptimal operation, frequent interventions, and interruptions.



The FD Observed by Several Stations of the EEE Collaboration

normalized rate vs time 08-15/05/2024
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Appendix

Analysis with
the whole set
of telescopes




Rate of Reconstructed Tracks Plots

Rate [Hz]

uncorrected rate vs time
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In some cases, the MRPC
telescopes showed anomalous
behavior, likely due to transitioning
to new gases during the observed
time window, which led to various
interventions or interruptions in
their operation.



Rate of Reconstructed Tracks Plots

Rate [Hz]
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In some cases, the MRPC
telescopes showed anomalous
behavior, likely due to transitioning
to new gases during the observed
time window, which led to various
interventions or interruptions in
their operation.

The telescope that exhibited the
worst behavior was the one
installed in Cagliari, which is why it
was excluded from our analysis.



Barometric Coefficients
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Barometric Correction
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Corrected rate plots

Rate [Hz]

Before the correction

uncorrected rate vs time
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The Forbush decrease observed by several telescopes of the EEE collaboration

normalized rate vs time 08-15/05/2024
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The MRPC and Pola-02
telescopes do not highlight the
Forbush decrease as clearly as
the Pola-01, Pola-03, and Pola-04
200 detectors do. However, by
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