Extreme Energy Events Project @ ICD 2026
January 2026 Forbush decrease

Using data collected by the EEE MRPC telescopes to study the Forbush decrease observed between 19 and 20
January 2026.

Data

For this analysis, we will use data from the EEE Data Quality Monitor (DQM), available at
https://iatw.cnaf.infn.it/eee/monitor/. Data may be downloaded either in CSV format (for analysis with
Excel or equivalent software) or in ROOT format.

IMPORTANT NOTES
1. 'The instructions below refer to analyses performed with Excel (English-language
version)

2. These instructions are intended as a starting point for developing the analysis.

3. DQM files cover a 10-day period. For example, AREZ-01_2026-01-15_2026-01-
24_summary_Trending.csv contains trending data from the Arezzo telescope from
15 to 24 January 2026.

The following table lists several telescopes and provides direct links to the corresponding DQM
trending files. You may analyse one or more telescopes.

TELESCOPE | DQM file link

https://iatw.cnaf.infn.it/eee/monitor/dgmreport/ AREZ-01/2026-01-24/AREZ-01 2026-01-15 2026-01-

AREZ-01 24 summary Trending.csv
https:/ /iatw.cnaf.infn.it/eee/monitor/dgmreport/BOLO-01/2026-01-24/BOL.O-01 2026-01-15 2026-01-

BOLO-01 24 summar; Trendmg csv

BOLO-05 24 summar; Trendmg csv

CARI-01 24 summar; Trendmg csv

FERM-01 24 summar; Trendmg csv

LECC-01 24 summar; Trendmg csv

PISA-01 24 summar; Trendmg csv

POLA-01 24 summar; Trendmg csv

POLA-02 24 summar; Trendmg csv

POLA-03 24 summar; Trendmg csv

POLA-04 24 summar; Trendmg csv

REND-01 24 summar; Trendmg csv

SALE-03 24 summar; Trendmg csv

VICE-01 24 summary Trendmg csv

The first telescope in the table, AREZ-01, is used as the worked example in these
instructions.
After downloading the CSV file:
1- - Make a backup copy and add or7g to the filename, so that the original data are preserved.
2- - Open the copy without orjg in its filename.

To open the file in Excel, double-click the file. If this does not work, right-click the filename and
select “Open with” = “Excel”.
The file should appear as shown in the following figure:


https://iatw.cnaf.infn.it/eee/monitor/
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-24/AREZ-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-24/AREZ-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/BOLO-01/2026-01-24/BOLO-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/BOLO-01/2026-01-24/BOLO-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/BOLO-05/2026-01-24/BOLO-05_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/BOLO-05/2026-01-24/BOLO-05_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/CARI-01/2026-01-24/CARI-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/CARI-01/2026-01-24/CARI-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/FERM-01/2026-01-24/FERM-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/FERM-01/2026-01-24/FERM-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/LECC-01/2026-01-24/LECC-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/LECC-01/2026-01-24/LECC-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/PISA-01/2026-01-24/PISA-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/PISA-01/2026-01-24/PISA-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-01/2026-01-24/POLA-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-01/2026-01-24/POLA-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-02/2026-01-24/POLA-02_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-02/2026-01-24/POLA-02_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-03/2026-01-24/POLA-03_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-03/2026-01-24/POLA-03_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-04/2026-01-24/POLA-04_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/POLA-04/2026-01-24/POLA-04_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/REND-01/2026-01-24/REND-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/REND-01/2026-01-24/REND-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/SALE-03/2026-01-24/SALE-03_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/SALE-03/2026-01-24/SALE-03_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/VICE-01/2026-01-24/VICE-01_2026-01-15_2026-01-24_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/VICE-01/2026-01-24/VICE-01_2026-01-15_2026-01-24_summary_Trending.csv
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If the data are not automatically split into columns, select Data -> Text to Columns,
choose Delimited, and select Comma as the delimiter. Excel will display a preview. If
Excel uses a comma as the decimal separator, use Advanced in Step 3 and set the decimal
separator to a period (.) before completing the import.

Information contained in the file:

o #BinStart: Start of the time interval considered.

¢ BinEnd: End of the time interval considered.

e RateHitEvents: Rate of events containing hits recorded by the EEE telescope.

e RateHitEventsErr: Uncertainty associated with RateHitEvents.

¢ RateTrackEvents: Rate of events in which at least one track was reconstructed.

¢ RateTrackEventsErr: Uncertainty associated with RateTrackEvents.

e RateTrackEventsTheta0_10: Reconstructed-track event rate for zenith angles between
0 and 10 degrees.

e RateTrackEventsThetal0_20: Reconstructed-track event rate for zenith angles
between 10 and 20 degrees.

e RateTrackEventsTheta20_30: Reconstructed-track event rate for zenith angles
between 20 and 30 degrees.

e RateTrackEventsTheta30_40: Reconstructed-track event rate for zenith angles
between 30 and 40 degrees.

e RateTrackEventsTheta40_50: Reconstructed-track event rate for zenith angles
between 40 and 50 degrees.

¢ RateTrackEventsTheta50_60: Reconstructed-track event rate for zenith angles
between 50 and 60 degrees.

e RateTrackEventsTheta60_90: Reconstructed-track event rate for zenith angles
between 60 and 90 degrees.

e FractionTrackEvents: Fraction of events with a reconstructed track relative to all
events containing hits.

e FractionTrackEventsErr: Uncertainty associated with FractionTrackEvents.

e IndoorTemperature: Temperature measured inside the room housing the telescope, in
degrees Celsius.

¢ OutdoorTemperature: Outdoor temperature, in degrees Celsius.

e Pressure: Atmospheric pressure associated with the time interval, normally expressed in
hPa.



e AVTOTBot: Mean Time Over Threshold for the bottom chamber.

e AVTOTMid: Mean Time Over Threshold for the middle chamber.

e AVTOTTop: Mean Time Over Threshold for the top chamber.

¢ UniqueRunld: Unique identifier of the acquisition run from which the data were
obtained.

N.B. The data are sampled once per minute.

Analysis guide

The first stage of the exercise concerns the analysis of telescope data during the period in which
the Forbush decrease occurred.

RECOMMENDED STRATEGY:

1. Rename the original worksheet as “orig”: right-click the worksheet tab (Sheetl), select
Rename, and use orig or “fixed” as the new name.

6| 601E+08 601E408  248E+01 6.38E-01 2.18E401 597601 2526400
7| 60108  GOIEW08 2436401 632601 2136401 5.91E-01 289E400
8 601E408  GOIEW08 234401 620601 2056201 5.80E-01 2646400
9| 601E«08  GOIEW08 2276401 610601 194E+01 564601 2706400
10| 601E+08  601E408  2.46E401 635601 2156401 594601 2876400
11 601E«08  G01E08  2.37E401 6.23E.01 2.04E401 579601 2516400
12| GOIEW08  601E08  238E401 624601 2086401 584601 290400
13| 601E«08  GOIE08 233401 618601 2036201 577601 2646400
14| 601E«08  GOIEW08 2506401 6.406-01 2176401 596601 269400
15| 601E+08  601E408 2436401 631601 2.08E401 584601 244400
16| 601E+08  G01E08  241E401 6.29E.01 2.10E+01 587601 250400
17| 601E«08  GOIEW0B 2376401 6.24E-01 207E+01 583601 279400
18 GOIEW08  601EW08 231401 615601 2008401 573601 2846400
19| 601E«08  GOIEW08 2376401 623601 2076201 5.82€-01 2856400

20 601E08  601E+08  231E+01 615601 2026401 575601 2616400
21 GOIEW08  601E+08  243E+01 631601 2116001 588601 2526400
22 GOIEW0B  601E«08  247E+01 6.36E-01 2.16E+01 595601 2.80E400
23 60108 6OIE«08 2336401 619601 2026401 576601 2436400
24 GOIEW08  601E+08  244E+01 633601 2136201 5.91E-01 2726400
25 GOIEW08  601E+08  236E+01 622601 2046401 578601 2436400
26 GOIE08  601E+08  239E+01 626601 2.08E401 583601 284400
27 GOIEW08  601E«08  241E+01 6.20E.01 2126401 590601 2.85E400
23| 60108 6OIE«08 2356401 621601 2048401 579601 2748400
29 GOEW08  601E+08  244E+01 632601 2148201 5.926-01 3.26E400
30| 601E+08 GO1EW08 2306401 614601 200401 572601 2516400
31| 601E«08  601E08 2416401 629601 2116001 589601 266E400
3 601E«08  G01E08  2.35E401 6.20E:01 2026401 576601 287400
33| 601E«08  601E+08  236E+01 622601 2.06E401 5.826-01] 2576200,
34| 601E«08  GOIEW08 2296401 613601 2026401 5.76E-01 259E:00
35| 601E+08 GO1EW08 2356401 0E-01 2896400
% GOIE«08 60108 2326e01  InsertSheet 15E-01 2216400
37| GOIEWS  6OIEW0B  246E401 pejote 7E01 2776400
3| 601E«08  GO1EN08  2.32E401 101 2.95E400
39| GOIEW08  601EW08 245401 2E0L 2936400
40| 601408 6OIEX8 243401 Moe or Copy. 10E-01 2.93E400
41 GOIEW08  601E+08 2416401 1sE-01 269400
42| 601608 601E+08 243001 View Code 16E-01 274E400
43| 60108  GOIEW8 2426401 protect Sheet.. 1601 2.49E400
44 60108 GOIE«08  238E401 19E-01 2.34E400
45 6O1E«08 6016408  233Es01  Tab Colour > 1oE01 2.36E400
45 G008  601E+08 2406401 19E.01 2516400
47 GOIEWB  601E«8 2466401 Hide 16E-01 2026400
43 GOIEW0B  601E«08  238E+01 uE01 2826400
49| 60108  GOIEW08  238E401 12E-01 2726400
50| 601E«08  GOIEW08 2486401 1501 264400
51 601E«08  GO1Ew08  238Ee01  SelectAll Sheets 1601 3106400
52| 601E+08  601E408  2.34E+01 1601 279400
j5o eolos soEos  2umer AutoFill > isE01 261E400

TAREZ-01 2026-01-15 2026 @ Insert from iPhone oriPad >
I Ready T Accessibiity: Unavailapl, % Services &

2. Create a copy of the worksheet and rename it “AREZ-01 Forbush”: right-click the
worksheet tab, select Move or Copy, tick Create a copy, and rename the copied worksheet.

2 GOIEWE GOIEW08  244Ee01 633601 213601 591601 2726000
25 GOIEWS GOIEW08  236Ee01 62201 2048401 5.78E01 2436400
2 GOIEW0S  GOIEW08  239Ee01 626E01 2086001 58301 2846400
27| GOIEWB  GOIEW0R  241E:01 62901 2126001 59001 2856000
2 GOIEWS GOIEW08  25Ee01 621E01 2048001 579601 2746400
25 GOIEWS  GOIEW08  244Ee01 632601 248001 592601 3266400
30| 6OIEW8  60IEWE 2306401 614E01 2006001 572601 2516000
31 GOIEWS  60IEWE 2416401 62901 2116001 5.89E01 2666000
% GOIEWS  60IEWE 235401 62001 206001 576601 2876400
33| 60108 60108 236Ee01 622601 2066001 582601 257E000]
34| GOIEWS  60IEWB 229401 6.13E.01 2026001 576601 259900
35| GOIEW8  60IEWB 235401 ”n 289400
36 601E+08  6.01E+08 2.326401 Insert Sheet i 221E400
7| GOIEWS  60IEWB  246E401 Delete 1 2776000
38| GOIEW8  60IEWB 2326401 1 295E400
33| 601E+08  6.01E+08 2.45E401 Rename i 2936400
40 GOIEWS  GOIEW08 243601 s 1 293400
41 6.01E+08  6.01E+08 2.41E401 n 2.69E400
42| 601E+08  601E+08  2.43E+01 View Code 1 274E400
43 GOIEWE  GOIEN0B 2426401 Protect Sheet.. 1 249400
44 B.O1E+08  6.01E+08 2386401 1 2.34E400
45| 601E+08  601E+08  2.33E+01 Tab Colour > 2.36E400
46 GOIEWS  GOIEN0B  240Ee01 1 251E400
47 GOIEWS  GOIE08 246601 Hide 1 296400
48 GOIEWS GOIEW08  238Ee01 I 2826400
49| GOIEWS  GOIEW08  238Ee01 1 2726400
50| GOIEW8  601EWB 248401 1 264400
51 6.01E+08  6.01E+08 2.38E+01 Select All Sheets n 3.10E+00
52| GOIEWS  60IEWB  234E401 A 2796900
53 6.01E+08  6.01E+08 2.37E+01 & AutoFill > a 2.61E+00

H AREZ-01 2026-01-15 202601 @ Insert from iPhone oriPad >
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37 6.01k+08 6.01k+08 2.46E4+01 6.35L-01 217401 5.97k-01 277400
38| 6.01E+08 G6.01E+08  2.32E+01 6.17E-01 2,06E+01 5.81E-01 2.95E400
39| 6.01E+08 6.01E+08 245401 6.33E-01 2.14E401 5.92E-01 2.93E400
40 6.01E+08  6.01E+08  2.43E+01 6.32E-01 2.12E401 5.90E-01 2.93E400
41 6.01E+08 6.01E+08 2.41E+01 6.28E-01 2.09E+01 5.85E-01 2.69E+00
42| G.01E+08  6.01E+08  2.43E+01 6.31E-01 2.10E401 5.86E-01 2.74E400
43| G.01E+08  6.01E+08  2.42E+01 6.29E-01 2,09E+01 5.86E-01 2.49E400
44| 6.01E+08  6.01E+08  2.38E+01 6.24E-01 2,05E401 5.79E-01 2.34E400
45 G.01E+08  6.01E+08  2.33E+01 6.18E-01 2,05E401 5.79E-01 2.36E400
46  6.01E+08  6.01E+08  2.40E+01 6.28E-01 2.12E401 5.89E-01 2,51E400
47| 6.01E+08  6.01E+08  2.46E+01 6.35E-01 2.17E+01 5.96E-01 2.92E400
48 6.01E+08 6.01E+08 2.38E+01 6.24E-01 2.08E+01 5.84E-01 2.82E+00
49 6.01E+08  6.01E+08  2.38E+01 6.24E-01 2,07E+01 5.82E-01 2726400
50| 6.01E+08 6.01E+08  2.48E+01 6.37E-01 2.16E401 5.95E-01 2.64E400
51| 6.01E+08 6.01E+08  2.38E+01 6.24E-01 2,09E401 5.86E-01 3.10E400
52 6.01E+08 6.01E+08 2.34E+01 6.20E-01 2.10E+01 5.86E-01 2.79E+00
53| 6.01E+08 6.01E+08  2.37E+01 6.24E-01 2,09E+01 5.85E-01 2,61E400
54| 6.01E+08 6.01E+08  2.44E+01 6.33E-01 2.14E401 5.92E-01 2,69E400
55| 6.01E+08 6.01E408  2.43E+01 6.32E-01 2.14E401 5.92E-01 2.87E400
56 6.01E+08 6.01E+08 2.40E+01 6.27E-01 2.09E+01 5.86E-01 2.87E+00

AREZ-01_Forbush AREZ-01_2026-01-15_2026-01-24_s Sheet1 +

i Ready T&Accessibility: Unavailable

Work in the copied worksheet. For the first part of the analysis, keep only the variables needed:
#BinStart, RateHitEvents, and Pressure. The other columns may be deleted.

A B C D

1 #BinStart RateHItEvents Pressure
2 6.01E+08 2.43E+01 9.89E+02
3 6.01E+08 2.33E+01 9.89E+02
4 6.01E+08 2.40E+01 9.89E+02
5 6.01E+08 2.30E+01 9.89E+02
6 6.01E+08 2.48E+01 9.89E+02

Convert #BinStart into a date and time

#BinStart is the number of seconds elapsed since 1 January 2007, the conventional time origin
used for EEE runs. Insert a new column between #BinStart and RateHitEvents and name it
“Date”.



A B C D

1 #BinStart Date RateHitEvents Pressure
2 6.01E+08 2.43E+01 9.89E+02
3 6.01E+08 2.33E+01 9.89E+02
4 6.01E+08 2.40E+01 9.89E+02
5 6.01E+08 2.30E+01 9.89E+02
6 6.01E+08 2.48E+01 9.89E+02

In cell B2 enter the following formula =(A2/86400)+DATE(2007,1,1) and press Enter:
DATE is the correct function name for the English-language version of Excel. In the Italian
version, use DATA(2007;1;1).

A B

1 #BiInStart Date

2 6.01E+08 4.60E+04
3 | 6.01E+08
4  6.01E+08
5

6

6.01E+08
6.01E+08

Extend the formula to the entire column and use Format Cells to display the date and time
correctly.

@  Autosave ABB9YC - B2 fx | =(A2/BB400)+DATE2007,1,1)

ome Insert Draw Pagelayout Formulas Data Review View  Automate A B c D E 7 G H !
E @ —_ Fr 1 #BInStart Date Pressure
(] V/ crnes 2 | 6.01+08] 4.60E+04] 9.89+02
= Page Custam | N
o Layout Views o V FormuiaBar b Focus Cell v 3 | 6.01E+08 4.60E+04|9.89E+02
3 Possible Data Loss Some features might be lost if you save this workbook in the comma-delimited (.csv) format. To pres 4 | 6.01E+08| 4.60E+04| 9.89E+02
f =(A2/86400)+DATE(2007,1,1) Format Cells
A g © D E 5 © i CED sioment  Font Boder il protecton
#BinStart Date Pressure c
ategory: Sample
6.011'+8 G = G |
6.01E+408| o enerd 16/012026 12:28:40
6.01E+08| .. e —
| Paste Currency
6.01E+08| - N N Aecounting Type:
aste Specia
6.01E+08| 4t Date | ggimm/aaaa hh:mm:ss
6.01E+08| 44 Thesaurus. Time
6.01£+08 | Percentage hmmiss AMPM
8 Insert... Fraction hhmm
6.01€+08 4 Delete. Scientific s
6.01E+08) 4 Clear Contents Text gajmmza htvmm
6.01E+08| af special mmiss
6.01E+08 4.4 Filter > Custom mm:ss.0
6.01E+08 4,! Sort >
6.01E+08| a4t New Note
6.01E+08|
6.01E+08| YA Format Celis... 21
6.01E+08| 4. Choose from Drop-down List. Delete
6.01E+08| 4 Define Name
6.01E+08 4.! Hyperlink...
6.01E+08| a4t
6.01E+08| 4t Type the number format code, using one of the existing codes as a starting point.
6.01E+08| R p=tiutort! >
6.01E+08| 4 @ Insert from iPhone or iPad > Cancel “
6.01E+08| R Wejcervices >
6.01E+08| 4.60E+04| 9.89E+02 | 30| 6.01E+08| 9.89E+02
6.01E+08) 4.60E+04) 9.80E+02 31| 6.01E+08 4.60E+04| 9.89+02
6.016408 4.60E+04 9.80E+02 32| 6.01E408 4.60E+04 9.89E+02

If the required format is not listed, enter it manually in the “Type” field.

The resulting worksheet should look similar to the following figure.



A B

#BInStart Date

6.01E+08 16/01/2026 12:28:40
6.01E+08 16/01/2026 12:29:41
6.01E+08 16/01/2026 12:30:42
6.01E+08 16/01/2026 12:31:43
6.01E+08 16/01/2026 12:32:44

D b WN =

3. Correction for the barometric effect

The measured rate must be corrected for atmospheric-pressure variations.
The barometric correction is applied using the rate corrected for detector efficiencies (column
C). Recall that the formula for the correction is:

Rate_Corr = Rate_nonCorr * EXP(a * (Pmis - P_ref))
With:

o = 2.30E-03 (mbar)
P_ref = 1000 (mbar)

Create a “Rate_Corr” column. Enter the barometric coefficient & and reference pressure P_ref
in two separate cells, as shown in the figure.

A B ® D E E G H | J K L

#BInStart (s) Date (gg/mm/aaaa h:mm:ss) RateHItEvents (Hz) Pressure (mbar)  Rate_corr(Hz) P_ref (mbar) 1000

6.01E+08 16/01/2026 12:28:40 2.43E+01 9.89E+02 | o(l/mbar)  2.30E-03

6.01E+08 16/01/2026 12:29:41 2.33E+01 9,89E+02

6.01E+08 16/01/2026 12:30:42 2.40E+01 9.89E+02

6.01E+08 16/01/2026 12:31:43 2.30E+01 9,89E+02

6.01E+08 16/01/202612:32:44 2.48E+01 9.89E+02

6.01E+08 16/01/202612:33:45 2.43E+01 9.89E+402

Column E (renamed Rate_Corr) is now used to calculate the barometric correction of the rate in
column C. In cell E2, the correction formula is entered, considering that the Reference Pressure

and o are constant:

E2=C2*EXP($K$2*(D2-$K$1))

A B ¢ D E F 6 H { J K L
1 #BInStart(s) Date (gg/mm/aaaa hmm:ss) RateHitEvemts(Hz)  Pressure(mbar)  Rate_corr(Hz) P_ref (mbar) 1000]
2\ 6.01E+08 16/01/202612:28:40| 2436401 9.89E+02|=C2tEXP(SK$2¥(D2-8K$1)) o{t/mbar) | 2.30E-03

3 G.OIE+08 16/01/202612:29:41 2.33E401 9.89E+02

4 601408 16/01/202612:30:42 240E01 9.89E+02

5 6.01E+8 16/01/20261231:43 2.30E401 9.89E+02

6 G.OIE+08 16/01/202612:32:44 246401 9.89E+02

Press Enter and copy the formula down the entire column to obtain the pressure-corrected event
rate.



A B 0 D t f 6 H | J K L

£ 4BinStart (s Dategg/mmiaaaatiimmss) RateHEvemts(Hz)  Pressure(mbar)  Rate_co(Hy) Pref{mbar) 1000
2 6016408 16/01/202612:26:40 243401 O80E+02 2371401 ofUmbar) 230603
3 B.01E08 16/01/202612:2941 2308401 080E402 227401
4 601408 16/01/202612:30:42 240E401 O80EH02 234401
5 B01E08 16/01/202612:31:43 2308401 080E02  2.4E401

| | —

4. Plot corrected rate versus time

Select the Date column first and then the Rate_ Corr column. From the Excel Insert tab, choose
an XY scatter plot.

® @  AutoSave (") B 92vC - . AREZ-01_2026-01-15_2026-01-24_summary_Trending ~

Home Insert Draw Pagelayout Formulas Data Review View  Automate

i} & B =&-D-gIu b g @ = 0 Eb 49 T

:;:‘\7: "E.‘él"??f&ii" Forms. mes Pictures  Shapes  lcons &1 screenshot v Checkbox Rccocr;im::dm D[y BB~ Maps Pivot | Sparklines S e k o New Text N:::‘eevr& WordArt Object  Equation
£ Possible Data Loss Some features might be lost if you save this workbook in the delimited (csv) format. To prese "
E1 = I Rate_corr (Hz)
A B c D Y X ra N K L M
1] (s) Date (gg/ (Hz) Pressure (mbar) )ar) 1000
2 6.01E+08 16/01/2026 12:28:40 2.43E+01 9.89E+02 ] 2.30E-03
3 6.01E+08 16/01/2026 12:29:41 2.33E+01 9.89E+02
4 6.01E+08 16/01/2026 12:30:42 2.40E+01 9.89E+02 Y
5 6.01E+08 16/01/2026 12:31:43 2.30E+01 9.89E+02 ®
6 6.01E+08 16/01/2026 12:32:44 2.48E+01 9.89E+02 -
7 6.01E+08 16/01/2026 12:33:45 2.43E+01 9.89E+02
8 6.01E+08 16/01/2026 12:34:46 2.34E+01 9.89E+02 2.29E+01

The resulting plot should show the time evolution of the corrected rate and make the Forbush
decrease identifiable (as shown in the figure).

A 8 c ) 3 F [ H | ) K T M N o 4 Q R s T
1 #Binstant(s) Rate_corr (Hz) P_ref(mbar) 1000
2 601E+08 16/01/2026 12:28:40 2436401, 9.89E+02 2.37E+01 a(1/mbar)  2.30E-03
3 6.01E+08 16/01/2026 12:29:41 2336401, 9.89E+02 2.276+01

4 601E+08 16/01/2026 12:30:42 240401, 9.89E+02 2.34E+01

5 6016408 16/01/2026 12:31:43 2306401, 9.89E+02 2.24E+01

6 6016408 16/01/202612:32:44 2.48E401 9.89E+02 2.42E401

7 6.01E+08 16/01/2026 12:33:45 2436401 9.89E+02 2.37E+01 Rate_corr (Hz)
8 6.01E+08 16/01/2026 12:34:46 234401, 9.89E+02 2.29E+01 o

9 601E+08 16/01/2026 12:35:47 2276401 9.89E+02 2.21E+01

10 6.01E+08 16/01/2026 12:36:48 2.46E+01 9.89E+02 2.40E+01

11 6.01E+08 16/01/2026 12:37:49 2376401, 9.89E+02 2.31E+01

12 6.01E+08 16/01/2026 12:38:50 2.38E+01 9.89E+02 2.32E401 2508401

13 6.01E+08 16/01/2026 12:39:51 2336401, 9.89E+02 2.27E+01

14| 6.01E+08 16/01/2026 12:40:52 2506401, 9.89E+02 2.44E+01

15 6.01E+08 16/01/2026 12:41:53 2436401 9.89E+02 2.37E+01 2000001

16 6.01E+08 16/01/2026 12:42:54 2416401, 9.89E+02 2.35E+01

17 6.01E+08 16/01/2026 12:43:55 2376401 9.89E+02 2.31E+01

18 6.01E+08 16/01/2026 12:44:56 2316401, 9.89E+02 2.25E+01

19 6.01E+08 16/01/2026 12:45:57 2.37E401 9.89E+02 2316401 peoson

20 6.01E+08 16/01/2026 12:46:58 2316401 9.89E+02 2.25E+01

21 6.01E+08 16/01/2026 12:47:59 2436401, 9.89E+02 2.37E+01

22| 6.01E+08 16/01/2026 12:49:00 2476401, 9.89E+02 2.408401 100E01

23 6.01E+08 16/01/2026 12:50:01 2336401 9.89E+02 2.28E+01

24 6.01E+08 16/01/2026 12:51:02 244401 9.89E+02 2.38E+01

25 G.O1E+08 16/01/202612:52:03 2.36E401 9.89E+02 2.30E+01 I

25 6.01E+08 16/01/2026 12:53:04 2.39E401, 9.89E+02 2.33E+01

27 6.01E408 16/01/2026 12:54:05 2416401 9.89E+02 2.35E+01

28 6.01E+08 16/01/2026 12:55:06. 2356401 9.89E+02 2.30E+01

29 6.01E+08 16/01/2026 12:56:07 244401 9.89E+02 2.38E+01 000+00

30 6.01E408 16/01/2026 12:57:08 2306401, 9.89E+02 2.24E+01

31 6.01E+08 16/01/2026 12:56:09 2416401 9.89E+02 2.35E+01

32 6.01E+08 16/01/2026 13:00:14 2.35E+01, 9.89E+02 2.29E+01

33| eo1Ev08 16/01/202613:01:15 2.36E401, 9.89E+02 2.30E+01 1

5.Evaluation of the Forbush decrease

A useful way to quantify the Forbush decrease is to normalize the rate to 1 by dividing each
measured value by the average rate before the decrease. From the graph, select a reference interval
before the decrease. For example, calculate the average rate between 15:00 and 19:00 on 19

January.



Rate_corr (Hz)

3.00E+01
2.50E+01
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19/01/2026 14:24:00 19/01/2026 14:52:48 19/01/2026 15:21:36 19/01/2026 15:50:24 19/01/2026 16:19:12 19/01/2026 16:48:00 19/01/2026 17:16:48 19/01/2026 17:45:36 19/01/2026 18:14:24 19/01/2026 18:43:12 19/01/2026 19:12:00

In this case, we suggest using the Excel function AVERAGEIFS (in the English-language
version; in Italian it is MEDIA.PTU.SE), which returns the arithmetic mean of all cells that meet
multiple criteria. The syntax is:

AVERAGEIFS(average_range; criteria_rangel; criterial; [criteria_range2; criteria2]; ...)

The arguments are as follows:

e Average_range. One or more cells to average, including numbers or names, arrays, or
references that contain numbers.

e Criteria_rangel, criteria_range2, ... Criteria_rangel is required, while subsequent criteria
ranges are optional. They specify from 1 to 127 ranges in which to evaluate the
associated critetia.

e Ciriterial, criteria2, ... Criterial is required, while subsequent criteria are optional. They
specify from 1 to 127 criteria in the form of numbers, expressions, cell references, or
text that determine which cells will be averaged. Criteria can be expressed, for example,
as 32, “327,“>32”, “apples”, or B4.

The goal is to calculate the mean rate (cell K5) when the time value (#BinStart) is greater than
the lower limit of the time interval (cell K3) and smaller than the upper limit of the time interval
(cell K4).

SUM T X fi - [-AVERAGEIFSIE,
A AvERaGEES o3 cterl,_) = = o : « " -
1 #BinStart(s)] (Hz) Pressure (mbar)  |Rate_corr(Hz) | P_ret (mbar) 1000
2 6.01E+08 16/01/2026 12:28:40 2.43E+01 9.89E+02 2.37E+01 a(1/mbar) 2.30E-03
3 6.01E+08, 16/01/2026 12:29:41 2.33E+01 9.89E+02 2.27E+01 Stant ‘. 19/01/2026 15: UT
4 6.01E+08 16/01/2026 12:30:42 2.40E+01 9.89E+02 2.34E+01 Stop T 19/01/2026 19: 1
5 6.01E+08, 16/01/2026 12:31:43 2.30E+01 9.89E+02 2.24E+01 (Hz) 1 (E:E,B:B,">"&$K$3,B:B,"<"&$k$4)
6 6.01E+08 16/01/2026 12:32:44 2.48E+01 9.89E+02 2.42E+01 T
A B Cc D E F G H J K L
1 #Binstart(s) (Hz) P (mbar) _Rate_corr(Hz) _Rate/<RrateMedio> P_ref(mbar) 1000
2 6.01E+08 16/01/2026 12:28:40 2.43E+01 9.89E+02] 2.37E+01|=E2/$k$5 a(1/mbar) 2.30E-03
3 6.01E+08 16/01/2026 12:29:41 2.33E+01 9.89E+02 2.27E+01 Start 19/01/2026 15:00:30
4 6.01E+08 16/01/2026 12:30:42 2.40E+01 9.89E+02 2.34E+01 Stop . 19/01/2026 19:00:17
5 6.01E+08 16/01/2026 12:31:43 2.30E+01 9.89E+02 2.24E+01 RateMedion (Hz) 1 22.25‘1525751
6 6.01E+08 16/01/2026 12:32:44 2.48E+01 9.89E+02 2.42E+01

At this point, the rate normalized to the mean rate before the Forbush event can be calculated
simply by dividing each rate value by the mean rate. A plot of the normalized rate versus time can
also be created.



F G H I J K L M N o} B Q

Rate/<RrateMedlo> P_ref (mbar) 1000

1.06E+00 a(1/mbar) 2.30E-03

1.02E+00 start 19/01/2026 15:00:30

1.05E+00 stop 19/01/2026 19:00:17

1.01E+00 RateMedion (Hz) 22.26452576

1.09E+00

1.07E+00

1.03E+00

9.94E-01 1206400

1.08E+00

1.04E+00

1.04E+00 100800

1.02E+00

1.09E+00

1.06E+00

1.06E+00

1.04E+00

1.01E+00

1.04E+00

1.01E+00

1.06E+00

1.08E+00

1.02E+00 2.00E-01

1.07E+00

1.036+00

1.05E+00 0.00E+00

1.06E+00) 1610172026 00:0088/01/2026 00:00:00

1.03+00

1 07F+00

Rate/<RrateMedio>

8.00E-01

6.00E-01

4.00E-01

Ideas for further analysis
1) Evaluate the percentage variation in the rate.

Tip: Use the minimum normalized rate during the Forbush decrease and compare it with the
reference value.

2)  Determine the barometric coefficient using another data file from the same telescope and
use the measured coefficient to correct the Forbush-period data.

Choose a DQM period during which the telescope operated regularly. For example, AREZ-01, an

appropriate starting point is https://iatw.cnaf.infn.it/eee/monitor/dgmreport/AREZ-01/2026-
01-15/.

01 -01-06--2026-01-1 h i -01 -01-06--2026-01-1 oy e
AREZ-01 2026-01-06-2026-01-15  EEE [ ires G AREZ-01 2026-01-06--2026-01-15  EEE &
¥ 4sE —Averagerate of events [Hz] | 3 O 4sf — Indoor temperature [ C] | Joro &
o E — Rate of events with hits [Hz] ° E — Outdoor temperature [° C] i A
S “9F — Rate of events wilh 72 < 10.0 [Hz] 3§ “%F —Pressure[hPal Jooo &
3sE- EREE 1% 2
3 E 3
30 4 g 30F —990 &
25F 4 @ asF ]
E E 980
20 E 20 j
15E E 15E- —j970
10E- 3 10F —960
s5E- E [ SN, g
E i E —950
05/01/26 12/01/26 05/01/26 12101/26
01:00:00 01:00:00 01:00:00 01:00:00

« Station: AREZ-01

« Time period: 2026-01-06--2026-01-15

« Number of runs processed: 404

« Total number of events: 18498418

« Number of events with hits: 18036694

« Number of events with a track: 15750224

« Data files: root, csv header, csv trending, csv weather

PLoT

RunDuration
NumEvents
AverageRate
NumTrackEvents
NumMalformedEvents
NumBackwardEvents
NumNoHitsEvents
NumNoHitEvents
RateHitEvents
RateTrackEvents
FractionTrackEvents
IndoorTemperature
OutdoorTemperature
Pressure

Download the file https://iatw.cnaf.infn.it/eee/monitor/dgmreport/AREZ-01/2026-01-

15/AREZ-01 2026-01-06 _2026-01-15 summary Trending.csv and proceed as follows:

a) Starting from the original worksheet, create a working copy named AREZ-NoForbush.
b) In the working worksheet, keep only #BinStart, RateHitEvents, and Pressure.
¢) Insert a column and convert #BinStart to a date and time.

Calculate the maximum and minimum pressure values in the selected period.


https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-15/
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-15/
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-15/AREZ-01_2026-01-06_2026-01-15_summary_Trending.csv
https://iatw.cnaf.infn.it/eee/monitor/dqmreport/AREZ-01/2026-01-15/AREZ-01_2026-01-06_2026-01-15_summary_Trending.csv

A B Cc D E E G H | J

1 #BinStart Date RateHitEven! Pressure PMIN 968
2 6.00E+08 05/01/2026 23:00:02  2.59E+01  9.75E+02 PMAX 996I
3 6.00E+08 05/01/2026 23:01:03  2.47E+01  9.75E+02

4 6.00E+08 05/01/2026 23:02:04  2.40E+01  9.75E+02

Create another worksheet containing a Pressure column populated from the minimum to the
maximum pressure in 1 mbar steps.

For each pressure value, calculate the mean event rate. One possible method is the Excel
AVERAGEIF function introduced in paragraph 5. The function returns the arithmetic mean of
all cells in a range that meet a specified criterion.

The syntax is AVERAGEIF (range; criteria; [average_range])
The arguments of the AVERAGEIF function syntax are as follows:

e Range: one or more cells to average, including numbers or names, arrays, or references
that contain numbers. In our case, these are the measured pressure values, so column E
of the initial worksheet.

e Criteria: in the form of a number, expression, cell reference, or text that determines
which cells will be averaged. Criteria can be expressed, for example, as 32, “327, “>327,
“apples”, or B4. In our case, the criterion for calculating the mean is that the pressure
(Range) be equal to the pressure value of the cell under consideration.

e Average_range: the actual set of cells to average. If omitted, the range is used. In our
case, we want to average the rate column (for example, column C of the initial
worksheet).

For each Pressure value in the current sheet (column A), we enter the following formula in column
B:

=AVERAGEIF(column D of the initial sheet, pressure value of the Pressure cell, column C of
the initial sheet)

For the correct syntax, see the figure:

A B C D E F G
1 P (mbar)
2 [ 968|=AVERAGEIF('AREZ-01_NoForbush'!D:D,A2,'AREZ-01_NoForbush'!C:C)
3 969
4 970

After calculating all mean rates, create a Rate versus Pressure graph and fit the data with an
exponential function.
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A B c D E F G H 1 J K

1P (mbar)
2 968 27.22
fs 969 26.96
g4 970 26.95 000
5 o1 26.63
6 972 2623 oo,
7 973 24.63 ©
8 974 2434 0 ®eee o o ..
B 975 24.27 L R R I
: 10 976 24.29 e,
pu 977 23.47 000
12 978 24.26
013 979 2351
f1a 980 24.14 L
n1s 981 2333 1500
16 982 2299
f17 983 2356
18 984 2367
19 985 23.17 1000
20 986 2372
g2 987 2436
g22 988 24.10
23 989 2368 500
Qe 990 2356
25 991 23.43
2 992 23.06
LY 03 2219 o 965 970 975 980 985 990 995 1000
28 994 21.86
q29 995 21.30
30 996 21.30

Add an exponential trendline and display its equation. Use the fitted exponential coefficient as the
experimental barometric coefficient.

Chan1 &
A 8 c D 3 F [ H ) K Format Trendiine °
1 P(mbar)
2 27.22 A O
3 969 26.9 -
3 o0 o 2000  Trendine Options
5 o71 26.63 |7 © xenentin
6 972 2623 cee, ~
7 973 24.63 ol 8 [ ¢ un
R VYT SO . 7 @ ot
s 975 24.27 LR R St —
o S [l © romoms o
1 977 23.47 oo L
12 978 24.26 = -0.007x
7 ol 2351 y=14288¢ Voving Avrage  Priod
14 280 2014
15 981 2333 1560 o (seres)
ig 62 2299 Vertial (alue) Ais or Grigines
17 983 23.56
18 o84 23.67
19 85 2307 1000 Forvards 00 | perod
20 966 2.72 Backwards 00 periods
2 987 24.36
2 %88 2410 Settercent
2 089 2368 500 Display Equation on chart |
24 980 23.56) Disply R-squared value on chart
2 991 23.43
2 992 23.06
LY/ 993 2219 oes o o ™ 085 900 056 1000
28 04 21.86
2 s95 21.30
30 9% 21.30
31
32

Use the coefficient obtained from the fit to repeat the barometric correction of the Forbush-
period data.

3- - Repeat the analysis after grouping the data into one-hour intervals instead of one-minute
intervals.

4- - Compare the results obtained with different telescopes.
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