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Introduction

* The detector of the EEE network have been measured different Forbush decreases

* The EEE networkis spread out in all Italy:
o We can see a latitude dependence of the Forbush decrease?
o Orthe latitude range is too narrow and no conclusion can be drawn?

* Today, first results are shown

* Otherelementsto be considered (and discussed): altitude, enviromental condition, shielding ...
--> not treated today (to be implemented later)

 Use of POLA-R detector --> not treated today, to be implemented later




Analysis routine

« Started the analysis looking at the Forbush decrease of the 19 January 2026 using the EEE
MRPC

* New results, only reported a preliminary plot on SIF Prima Pagina with two telescopes +
two POLA and on Run Coordination Meeting

e Some implementation on the code has been done:
* Add of statistical uncertainty and correct error propagation in the resampling
 Search of the minimum value of the decrease
* Magnitude estimation
* Minimum and magnitude vs latitude (and, actually, longitude!)

Thanks to Ombretta & Annalisa for the code!



Telescopes active during the Forbush event

AREZ-01
BARI-01 *
BOLO-01*
BOLO-02*
BOLO-05 **
CARI-01*
FERM-01 ****
FRAS-01
LAQU-01
LNLE-01
PISA-01
RECA-Q1 ****
REND-01 ***
SALE-03 *** #
VIC-01
VIC-02 ##

43.464650
41.119220
44.500670
44.484620
44.488630
39.489350
41.89736
41.794520
42.356680
45.351830
43.720490
38.095337
39.36
40.77
45.558150
45.552300

11.874020
16.871950
11.356800
11.372350
11.347920
16.956250
12.49258
12.664730
13.414030
13.414030
10.407970
16.659853
16.12
14.79
11.533380
11.556270

Some notes:

*. Latitude and longitude values taken
from ~2020 files and not from the day of
the measurements files

e **: [atitude and longitude same as BOLO-
03 (same school according to the
logbook)

e ***: no latitude and longitude info found
on data files, taken from Forbush 2024
paper

e ****.no latitude and longitude info found,

taken from Google Maps

 #:pressure taken from METAR
##: pressure taken from VIC-01 telescope



Telescopes active during the Forbush event

AREZ-01 43.464650 11.874020
BARI-01 * 41.119220 16.871950
Even if different telescopes have been taking
BOLO-02 * 44.484620 11.372350 data during the Forbush period, not all of
BOLO-05 ** 44.488630 11.347920 them have a good response
CARI-01 * 39.489350 16.956250
CEERM.OA*xx 4490728 4o04go;o Some telescopes have been discarded from
==Y R L B 1-Y,1- s W L 1-1-7, I - Ts W— the beginning, some others have been
LAQU-01 42.356680 13.414030 analyzed and discarded once the differential
ST oY BT -1 -/ W T~ WL V.T. 1. W— corrected rate was calculated (see backup
PISA-01 43.720490 10.407970 slides)
=1V Wk I S T o 1eT L AT V- U ~ o1~ H——
REND-01 *** 39.36 16.12

* k%

e et —— T —S———
VIC-02 ## 45.552300 11.556270



Statistical uncertainties

To each measurement of rate, a statitstical uncertainty is associated according to the Poisson
distribution of the counts
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When resampled (--> mean) or a mean value is calculated error propagated as:
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For the corrected differential rate (%):
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Measured rate and pressure
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Measured rate and pressure
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Measured rate and pressure
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Measured rate and pressure
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Measured rate and pressure
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Barometric correction

Barometric coefficient beta evaluated as the slope coefficient of the simple linear regression
between log(Delta I/<I>) and DeltaP = P - <P>

As expected, Pearson coefficient between corrected rate and pressure is~ 0

Barometric correction: parameters

tele presMean[i] P.std() P.max()-P.min() beta[i] parA pearsonBefore[i] pearsonAfter[i]
AREZ 991.03 0.64 2.00 0.0109 -0.0239 0.3226 0.0000
BARI 1023.87 0.65 2.00 -0.0085 -0.0065 -0.4841 0.0005
BOL1 1019.81 0.55 2.00 -0.0025 -0.0012 -0.2779 0.0003
BOL2 1017.40 0.71 3.00 -0.0130 -0.0099 -0.6562 0.0032
BOLS 1015.13 0.85 2.00 0.0126 -0.0132 0.6536 0.0014
CARI 1017.67 0.83 2.00 -0.0083 -0.0083 -0.5307 0.0009
FERM 1013.77 0.82 2.00 -0.0230 -0.0277 -0.8049 0.0031
LAQU 934.75 0.77 2.00 -0.0055 -0.0023 -0.6200 0.0005
LNLE 1020.75 0.62 3.00 -0.0174 -0.0108 -0.7285 -0.0003
PISA 993.73 0.59 2.00 -0.0089 -0.0305 -0.2131 0.0002
REND 995.69 0.57 2.00 -0.0086 -0.0036 -0.5828 -0.0004
SAL3 1018.93 0.32 1.03 0.0079 -0.0037 0.2979 -0.0011
VIC1 1020.21 0.84 2.00 -0.0241 -0.0339 -0.7791 -0.0030
VIC2 1020.21 0.84 2.00 -0.0053 -0.0017 -0.7481 0.0001

= oz o=



Forbush event - cumulative plot
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Forbush vs latitude

In order to estimate the behaviour as a function of the latitude, two approaches are used:

* Minimum of the Forbush decrease

T
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Forbush vs latitude

In order to estimate the behaviour as a function of the latitude, two approaches are used:

e Minimum of the Forbush decrease
* Calculate the magnitude, defined as:

wr — Mi Min ’ 1 ?
Max — Min — ki _ .
Magnitude = - i TMag = \/( M ax? a Ma.-.c) + (ﬂ-’fﬂ.:ﬂ 0 M m)

15

With:

* Max = Mean of the corrected
rate in the 24h before the
Forbush decrease

e Min = Mean of the corrected
rate in the 24h after the
Forbush decrease
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Forbush vs latitude

Minimum of the differential rate as a function of the latitude
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BONUS: Forbush vs longitude

Minimum differential rate
| |

Minimum of the differential rate as a function of the longitude

Magnitude as a function of the longitude

Pearson coefficient: -
0.03933810499846715

Pearson coefficient:
0.30778624254507636



We can polish the telescope selection?
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We can polish the telescope selection?

corrected differential rate (%)
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unusual high differential
rate before the Forbush



Can we polish the telescope selection?
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Forbush event - cumulative "less" plot
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Forbush vs latitude - less telescopes

Minimum of the differential rate as a function of the latitude
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BONUS: Forbush vs longitude - less telescopes

Minimum of the differential rate as a function of the longitude
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A step back...

Magnitude as a function of the latitude

o I It seems that, if we discard
the first two telescopes at
low latitude, a more clear

. trend with the latitude is
present

Magnitude
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A step back...
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Forbush event - cumulative no low latitude
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Forbush vs latitude - no low latitude

Minimum of the differential rate as a function of the latitude
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BONUS: Forbush vs longitude - no low latitude

Minimum of the differential rate as a function of the longitude
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Recap

Latitude

Number of telescopes Magnitude Pearson
9 0.13 -0.29

7 -0.02 0.85

5 0.22 -0.15

Longitude

Number of telescopes Magnitude Pearson
9 -0.04 0.31

7 0.15 -0.51

5 -0.10 0.04



Next analysis step

- Analyze other Forbush decreases

o Best candidate at the
moment is the May 2024 one
-->we also have papers on
that

o Take into account other
effects (altitude? Shielding?)

o Extend the latitude range
using the POLA-R data
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Plan for conferences

We have presented an abstract for this study for next conferences (poster in CRIS-MAC, talk in
ICHEP)

We would like to present some of these results, but some question arises:

- Which telescope group we should consider?
- Show minimum or magnitude as a function on latitude ?
- Of course, the analysis is still fully ongoing, so we should specify the caveats: response of the

detector is not optimal, study of other effects (altitude, different shielding of the telescopes etc
etc) is not taken into account, etc etc

- Also onthat, itis better that we stay conservatives: we can say that at the moment we can not
draw any conclusion and studies on other recorded Forbush events is needed



Backup
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Discarded telescopes
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Discarded telescopes
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Discarded telescopes
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Uncorrected vs Corrected rate

AREZ

—$— uncorrected rate  —#— corrected rate 28
B p
'} L 56
22 p
A Y F 24
211 A
F22
20.
F20
19 1 ‘,
18
01-18 00 01-18 12 01-19 00 01-19 12 01-20 00 01-20 12 01-21 00 01-2112
BARI
—4— uncorrected rate  —#— corrected rate
25 | 215
24 r21.0
23 A r20.5
[+
22 Mﬂ\-‘“‘ ziaM -20.0
21 F19.5
20 1 +19.0
19 1 ‘ L18.5
]
18 N 18.0
01-18 00 0l-18 12 01-19 00 01-19 12 01-20 00 01-2012 01-21 00 01-2112
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Uncorrected vs corrected rate
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Uncorrected vs corrected rate
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Uncorrected vs corrected rate
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