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A Cosmic Ray shower

Cosmic rays are high-energy
particles originating outside the
Solar system.

They are mainly composed of
protons but also light nuclei are
present.

When a primary cosmic ray interacts
with the atmosphere starts to
produce many other particles
(secondaries) which propagate close
to the initial direction of the primary
- Shower development.

At ground we observe a flux of
charge particles of about

1 per cm? per minute (mainly
muons).
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The EEE telescope geometry

An EEE telescope is realized by the
combination of three chambers
(MRPC).

If a muon goes through all the three
chambers a signal is released in each
one allowing the reconstruction of its
trajectory.




CENTRO i

FERMI E::::OODEI.LAFISICA The EEE Station

g . ¢ STUDI E RICERCHE
ENRICO FERMI

The EEE station
An EEE station is composed by:

A telescope (+ gas system + electronics) = to trigger and reconstruct the muon trajectory
A GPS Receiver = to associate a time to the event with high precision
A Desktop PC where the Data Acquisition software is running
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1. The point of passage of the cosmic ray (i.e. muon)
2. The cosmic ray direction
3. The time of flight of the cosmic ray

4. We can discover if our cosmic ray is in coincidence with
particles detected by other telescopes

Now we know how the telescope works and what we
can get from it.
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Before to analyze data we need to be sure that the quality is good.
1.we can check if the data we are acquiring are of “good” quality...
2.Take action if they are not!

...to do this, we should analyze the data locally or...use a centralized
procedure = DQM
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Extreme Energy Events Monitor

Ultimo aggiornamento: ore 15:21 - ven 12 dicembre 2014

ELOGBOOK delle SCUOLE ELOGBOOK dello SHIFTER Stato trasmissione CNAF

EEE Main Monitoring Table

Questa tabella mostra la situazione dei telescopi in acquisizione

In verde sono indicati i telescopi in presa dati e trasferimento nelle ultime 4 ore.

In giallo sono indicati i telescopi in cui trasferimento efo ach|5|Z|one s0no sospe5| da plu d| 4 ore.
In rosso sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da piG d

RATE of | RATE of
Ultima Entr Report . iggers [ Tracks

Nome dell'ultimo| Numero Files nell'e-logbo( <|giornaliero| f rthe | forthe Link DQM

File trasferito [trasferiti oggi

delle Scuolc DQvM l. nslsg:: l;s;gtﬂ
R d?;:r:'l}:)?'e Lt 12}133(;622%1:‘% [Hiszt%ry] 21/112:/52601 4 [History] e =L L AL
BARFOT d::eeﬁbzre 1506 1gﬁ§[€g(;§iﬁ-n [Hiszttry] 05/392:/52901 4 [H1i§éc1>fy] 217 188 SARKOT
BOLOOT  gicambre 1592 13rz00024bin  [History] Mion] 474 269  BOLOOI
BOLO-03 di"iie°m1t3re 1808 o obosd bin [Hisstt v 12/1132:]22201 4 [H1i§é;$y] 40.2 296 BOLO-03
e d?’ciﬂszre i 1?1%?&623?& [Hiszt(c}:ry] 11/[382:/22501 4 [H1i§€c1>fy] iz U2 e
cAGLOo2 d?iﬁbzre 14:48 1?1625-(?:;3?& [Hi;:try] 03/122:/02101 q [H1i§éc1)fy] 379 333 CAGLO2

We will have soon also the polar statistics in the same page!lllllll

Link: eee.centrofermi.it/monitor
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Information are reported day by day!
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di acquisizione ragionevoll nelasiges ruff analizz
e 0 con tracce (X*2<10) g d ‘ultimo run anal
giorni o con tracce (X% inori di SHZWl'ultimo run a
RA Eof RA
Name of the st | DQM Trig ers| Tr |

Once per day relevant summary plot are
automatically produced

ALTA-01-2017-
12-05-00002.bin

ANCO-01-2017-
12-05-00009.bin

And you have some history too

BOLO-01-2017-
12-05-00025.bin

BOLO-01 Daily Report History

2018-05-21  2018-05-19 2018-05-18 2018-05-17 2018-05-16
2018-05-15  2018-05-14 2018-05-13 2018-05-12 2018-05-11
2018-05-10  2018-05-09 2018-05-08 2018-05-07 2018-05-06
2018-05-05 2018-05-04 2018-05-03 2018-05-02 2018-05-01
2018-04-30  2018-04-29 2018-04-28 2018-04-27 2018-04-26
2018-04-25 2018-04-24 2018-04-21 2018-04-20 2018-04-19
2018-04-18  2018-04-17 2018-04-16  2018-04-15 2018-04-14
2018-04-13  2018-04-12 2018-04-11 2018-04-10  2018-04-09
2018-04-08 2018-04-07 2018-04-06 2018-04-05 2018-04-04
2018-04-03 2018-04-02 2018-04-01 2018-03-31 2018-03-30
2018-03-29 2018-03-28 2018-03-27 2018-03-26 2018-03-25
2018-03-24 2018-03-23 2018-03-22 2018-03-21 2018-03-20
2018-03-19  2018-03-07 2018-03-06 2018-03-05 2018-03-04
2018-03-03 2018-03-02 2018-03-01 2018-02-28 2018-02-27
2018-02-26  2018-02-25 2018-02-24 2018-02-23 2018-02-22
2018-02-21  2018-02-20 2018-02-19 2018-02-18 2018-02-17

What if you choose one of them?
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BOLO-01 2017-1201-2017-12:02 EE f;'?cﬂifa"if"’e?cil‘.i BOLO-01 2017:1201--2017:1202 EEE S5z e souce
N st J © S0FT T ——T—r -
T L — Average rate of events [Hz}I 1 5 Ei— Indoor temperature [ C] 1020 2
'5' [ — Rate of events with hits [Hz] ] ‘;‘ 28 — Outdoor temperature [* C] 4 =
T sob Rate of events with x2 < 10.0 [Hz] a1 5 [ . — Pressure [hPa] —015 2
i C 1 & 260 1 2
C 1 & E —1010 &
a5 = g 24:— M ) i
= 1§ Z —1005
E ] 22 W —1000
40— - o 1
c 1 20F —995
C ] 18 N
35— ] 8: _990
C ] 16— —985
30 p i " i L Pl 141 . 1 . " 1 " , 1 +—980
01/12/17 0112117 01/12/17 0112117 01/12/‘17 01112117 011217 0112117
02:00:00 08:00:00 14:00:00 20:00:00 02:00:00 08:00:00 14:00:00 20:00:00

» Station: BOLO-01

* Time period: 2017-12-01--2017-12-02

* Number of runs processed: 65

* Total number of events 3079214
Numberofeve A h R

RunDuration
NumEvents
AverageRate
NumTrackEvents
NumMalformedEvents
NumBackwardEvents
NumNoHitsEvents
NumNoHitEvents

RateHitEvents
RateTrackEvents
FractionTrackEvents
IndoorTemperature
OutdoorTemperature
Pressure

Set of trending files
<t The files we will analyze

Set of trending plots...click and see

(BN
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Daily data

AREZ-01 2018-04-04-2018-04-05 ~ EE[E [ frerar e AREZ-012018-04-04-2018-04-05  EEE L&ina i sin:
—_ — —— ——— = A — — — LA tren ok
T 445 — Lverage rate of evelents [Hz] : 3 (o-) 35— Inlndoor temperalu}e [*C] ! =1005 &
o 42F ——Rate of events with hits [Hz) ERS F— Qutdoor temperature [* C] b =
;:&s' 40F- - Rate of-events with ¥ < 10.0 {Hz] 4 5 30 — Pressure [hPa] —|1000 g
38 4 ¢ E —995
= = @ 25 o @
36 — (=3 E fest
g i E E AN YA 990
34 3 E "9 20 % i 985
32k = 2 7 . . )
2E E 18- Togo Available infos:
28F- 3 10 = _\_/_/_,_v_\/_\—\_\/ N 975 . .
26F- E g ] * Time (timestamp)
= 3 50 —970
24 C 3 C b
o o = E j : i —|965 * Rates
04/04/18 04/04118 05/04/18 04/04/18 04/04/18 05/04/18
02:00:00 14:00:00 02:00:00 02:00:00 14:00:00 02:00:00 o P re Ss u re

* Temperature IN
. Station: AREZ-01
. Time period: 2018-04-04-2018-04-05 o Temperatu re OUT

- Number of runs processed: 86

- Total number of events: 4037606

- Number of events with hits: 4036590

- Number of events with a track: 3594300

- Data files: root, csv I\leaden csv trending, csv weather)

Y

)

Data are available in two formats (ROOT and CSV).
Trending info = how observables (flux rate, temperature, pressure, ...)
evolve with time.
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Our time reference system

Event time is reported in terms of seconds elapsed since a given time reference
(timestamp). Usually the reference for the Unix timestamp is taken on the 1%t January
1970 (https://www.unixtimestamp.com/index.php).

In our case we take the reference at the 15t January 2007 (when EEE started to take
data).
The correspondence between EEE and

Unix time stamp is very simple. The O
time in EEE corresponds to a unix
timestamp of 1167609600 s!

Timestamp Converter

1167609600

Is equivalent to:

01/01/2007 @ 12:00am (UTC)

In general to convert the EEE timestamp

in a date you need to.follow two steps.

1) Converting it in a Unix timestamp
simply adding the offset.

2) Converting the Unix timestamp by
using a service on the web



Let’s move to the our topic
- CR flux-pressure correlation
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Why we expect the pressure
influences the measured flux?

We want to understand the effect of the matter in front of our telescope.

What do we expect?

muon

material

telescope

If we put some matter in front of our telescope the muon
may be absorbed during its propagation in the material 2>
we expect to reduce the arrival probability to the
telescope.

—> Pressure is an indirect measurement of the matter
above our telescope.

Why we want to measure it?

The variation in the cosmic ray flux can be a signature of
particular phenomena we are interested to: solar activity,
change in the geomagnetic field (i.e. polar!).

To quantify such effects we need to be sure that external
conditions (i.e. pressure) don’t influence our
measurement, otherwise we need to correct for kn?zyv
effects.
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Pressure

i

p = density =M, o/ V

Area

The pressure is proportional to
the amount of matter weights
on an unit surface.

Then it depends on the matter
density and on the height of
the block.

- We can use the pressure
measurement to measure the
amount of matter above our
head = the amount of matter
seen by the muon in its
propagation!

Weight=mg = pghA=P x A

15
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The absorption law ()

flusso(P) = flusso(P = O)e‘“vp\

flusso (a.u.)

05

ST \

0 ‘200‘ LtOOI ‘600‘ éOOI ‘ 1‘0‘0(‘) ‘ %2‘06 ‘ 1‘4‘0(‘) ‘ ‘iG|O(‘) ‘ 1‘8‘0(‘) ‘ éOOO
P (mbar)
Absorption follow an exponential law -> the
number of particles which survives after a
block of matter decreases exponentially with
the amount of matter.
The pressure is proportional to this amount
so we expect a flux at ground which depends
exponentially on the pressure.

The coefficient in the exponent (o) is
called barometric coefficient.

We want to measure it using our
telescope network.

Since our measurement is affected also
by other effects (for instance by the
interaction with the building hosting the
telescopes) we would like to test if this
coefficient is it the same for all the
telescopes or not.

16



flusso (a.u.)

The absorption

flusso(P) = flusso(0)e~ %"

25

1.5

0.5

ST \

L 1 L L L L L L1l ‘ L1 ‘ L1 ‘ L1 ‘ | I ‘ L1
200 400 600 800 1000 1200 1400 1600 1800 2000
P (mbar)

Since P=0 is not a realistic case it is
convenient to represent the same
law referred to a P, physical value
(i.e. 1 atm).

flusso(P) = flusso(Py)e*P~Po)

(=)

We just used the relation:
flusso(Py) = flusso(0)e~%*Fo

law (Il)

Usually we are collecting data with small
variation of pressure around 1 atm.

If we zoom the exponential curve around 1
atm (1013 mbar) the trend looks linear.

)

flusso (a.u.
2
[

;

0.99}

0.97-

096‘|' e L | 1 1 L [ | L
71000 1005 1010 1015 1020 1025 1030

P (mbar)
For small variation the exponential law can
be approximated by:

flusso(P) = flusso(P = P, =1013 mbar)e “"") =

=flusso(P =P, )-(1—- aAP)
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Rate [Hz]

First of all:
- choose a telescope and a day
- check that the data are good

- The pressure variation is high enough (>10 mbar) 1 hPa = 1 mbar

BOLO-03 2017-11-02--2017-11-03 EE fé'&il?fa”ﬁ;?ﬁ'fs‘;ﬁi

= T T | 1 1 = '
55 — Average rate ei events [Hz] . ?
- —— Rate of events with hits [Hz] 1 o
- —— Rate of gvents with % < 10.0 [Hz] 4 5
S0 4 &
E ( et i i ] g
45_ t by LI | | A el ' =y _-
; 1.| Lh ﬂ.\j | |||||r |"l| I'r‘i \h”. ‘hl'”rr'ﬁl]- \l'ﬂ“l I}II '“ i”‘) ; E_,
40F =
35 =
30 -
1- L | 1 L ! | L | L | L 3
0211/17 021117 03/11/17
01:00:00 13:00:00 01:00:00

The muon flux (number of muon per second)
can be found for EEE each telescope in the daily
report.

Extreme Energy Events
La Scnenza nelle Scuole

BOLO-03 2017 11 02-—2017 11-03 EE
261 ;

24
22
20
18
16
14
12
10
8

- — Indoor temperature [" C] __ 1 030
~ — Outdoor temperature [° C] —1025 5
. . o
- Pressure [hPa] 4020 ;:_:‘
= —1015 3
- . o
= —1010
- f —1005
= —1000
E —995
3 —ag0
- e —1985

021117 021117 031117

01:00:00 13{00:00 01:00:00

Weather in#ormation also

available!

18
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First of all:
- choose a telescope and a day
- check that the data are good
- The pressure variation is high enough (>10 mbar) 1 hPa = 1 mbar
BOLO-03 2017-11-02-2017-11-03 EE f;"%i’.lifa”ﬁég.f;?;i“lﬂi BOLO-03 2017-11-02-2017-11-03 EE Lo Scinza noko Scuol
§ 55:_ I—Average ralte of events [Hz] l I _: ? 25:— — Indoor temperature [" C] . __1030
s L — Rate of events with hits [Hz] ] 5 24F — Outdoor temperature [° C] —1025 5
E e Rate of gvents with ¥? < 10.0 [Hz] - % I Pressure [hPa] 1020 %
455_ b AR AR E g 20;— S —_1015§
- UJ ﬂ,‘u ! "”'F |]|l| ,ITU; s ”lmr,ﬂh b ihl " UH‘ . kS 185— —|1010
40 - 16F —1005
: . 145 11000
30F = 10 -og0
E ) 1 . \ . 1 . . : | ) . E 85 R N R -
02/11/17 02/11/17 03/11/17 02/11/17 02111117 03/11/17
01:00:00 13:00:00 01:00:00 01:00:00 13:00:00 01:00:00
Number of events with hits: 4036590 Then, click to download trending

- Number of events with a treck: 3594300 data
- Data files: root, csv header, csv trengdieTsv weather

19
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Import data in Excel

(=] ;
FILE HOME INSERISCI LAYOUT DI PAGIMNA FORMULE DATI REVISIOME VISUALIZZA TEAM
[=] Connessioni A " Cancella L) — — O
' L& L [ £ B =% B B
@ B El -¢- . = Proprieta - ) Riapplica . . . . ) ) .
Da Da Da Daaltre Connessioni  Aggiorma - i Ordina  Filtro Testoin  Anteprima  Rimuovi Convalida Consolida  Analisidi Relz
MAccess Web testo origini~  esistenti tutti = Medifica collegamenti Vo dvanzate  colonne suggerimenti duplicati  dati~ simulazione =
Carica dati esterni Connessioni Crdina e filtra Strumenti dati
Al - ‘)(1 Importa file di testo X
A B C <« v 4 I » QuestoPC » Desktop v & Cerca in Desktop 2
RlprlStan dOCUmenU 1 :! Organizza « Muova cartella = ~ [N o
Excel ha ripristinato i seguenti file, Salvare 2 : “
i file desiderati. 3 /& OneDrive A
Deskt 1
File disponibili 4 B Desktop a D
5 e Creative Clou # E = h
partecipanti&ll jversion 1}.x... 5 - [ =
Versione creata dall'ultimo... @ Documenti L | =
10/05/2018 03.00 7 - - ~ -
g = Immagini  # Corso Sicurezza - EEEtheta gps teamviewer port
018 Screenshots dei
partecipantifll.xlsx [Origin... g test by Lolli
Versione creata all'ultimo s... 10 condivisa
09/05/2018 10.38
1" EEE
12 resentazioni
Cartell (version 1).xlsb [5al... 13 P
Versione creata dall'ultimo... X
07/03/2018 10,13 14 Microsoft Excel
15 OneDri BOLO-03_2018-0 BOLO-03_2018-0  BOLO-03from201
Cartel1 fversion 2)xdsb [Sal 16 4@ OneDrive 1-21.2018-01-22_ 4-12.2018-04-13_  8-05-01t02018-05
Versione creata dall'ultimo... 17 [ Questo PC summanry_Trendl summanry_Trendl -01
14/03/2018 21.31 = 9 9
18 v
. N o e o T
risorseGruppo.xisx [Origin... 20 MNome file: | BOLO-03_2018-01-21_2018-01-22_sui V| File di testo b
Versione creata all'ultimo s...
30/03/2018 12.40 21 Strumenti ¥ Annulla
22
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Import data in Excel (Il

Importazione guidata testo - Passaggio 2 di 3 ? X

In questa finestra di dialogo & possibile impostare i delimitatori contenuti nei dati. L'anteprima maostra come si
presenta il testo.

Delimitatori

[~] Tabulazion

[ Punta eyitgola [] Considera delimitatori consecutivi come uno solo Be sure that deCimaI Sepa ration is Set tO ao»”»n

Qualificatore ditesto: |~ ~
[ spazio
I:‘Altro:
Qui & possibile selezionare ciascuna colonna ed impostare il Formato dati.
Farmato dati per colonna
Anteprima dati @
Generale
‘Generale’ converte valori numerici in numeri Aralori data in date e i restanti
O Testo valori in testo.
BinStart BinEnd ateHitEvents RateHitEventsErr RateTrackEwven{™
.4851€5140000e+08 [3.485165750000e+08 [1.505836e+0l |3.558357e-01 .255738e+01 (O Data: |GMA il
.4831€5750000e+08 [3.4851702€0000e+02 [1.52726%e+01 |2.£15530e-01 . 27BEBRe+01 O Non importare colanna (salta
.4831703€0000e+08 [3.485170570000e+02 [1.744262e+01 |2.515002e-01 L457377e+01 = P [ ] T : ;
.483170570000e+08 [3.485171580000e+02 [i.€22551e+0l |3.705520e-01 L3442E2e401 | v Impostazioni avanzate importazione testo 7 *

L4 >

Impostazioni utilizzate per riconogcere i dati numerici
Annulla < Indietro Eine Separatore decimale: . w

Separatore delle migliaia: | LY
Anteprima dati . i . i o
. ' Mota: | numeri verranno visualizzati utilizzanda le
COl | “ | Ia Sepa ratlon : impostazioni specificate nella finestra Opzioni
Etandard internazionali nel Pannello di controllo.
inEnd

4B5165750000e+08 Ripristina Segno meno prima dei numeri negativi
.4891703€0000e+08

.485170970000e+08 Annulla
.4831715230000e+08

Annulla = Indietro Fine
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Import data in Excel (Il

A lot of columns are available. We are interested to few of them

H

]

!

L

1 |#BinStart BinEnd RateHitEvents RateHitEventsErr RateTrackEvents RateTrackEventsErr FractionTrackEvents FractionTrackEventsErr IndoorTemperature OutdoorTemperature Pressure UnigueRunid

3.49E+08 3.49E+08
3.49E+08 3.49E+08
3.49EH08 3.49E+08
3.49E+08 3.49E+08
3.49EH08 3.49E+08
3.49E+08 3.49E+08
3.49EH08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08
3.49E+08 3.49E+08
3.49E+H08 3.49E+08

}

Timestamp

Bowora

o © o~ o

e ra

N =TaT= TR - ]

o

C D F G

4.51E+01 8.60E-01 4,26E+01 8.35E-01 9.44E-01
4.53E+01 8.62E-01 4,28E+01 8.38E-01 5.45E-01
4, 74E+01 8.82E-01 4.46E+01 8.55E-01 9.40E-01
4.62E+01 8.71E-01 4,34E+01 8.44E-01 5.40E-01
4,55E+01 8.63E-01 4.27EH01 8.37E-01 9.39E-01
4. 70e+01 8.78E-01 4.39e+01 8.45E-01 9.34E-01
4.66E+01 8.74E-01 4.38E+01 8.47E-01 9.39E-01
4.82E+01 8.89E-01 4.48E+01 8.57E-01 9.28E-01
4. 71E+01 8.79E-01 4.41E+01 8.51E-01 9.37E-01
5.43E+01 9.44E-01 5.13E+01 9.17E-01 9.45E-01
4.58E+01 8.59E-01 4.33E+01 8.35E-01 9.45E-01
4.13E+01 8.23E-01 3.88E+01 7.98E-01 9.40E-01
4,23E+01 8.33E-01 3.98E+01 8.07E-01 9.40E-01
4.63E+01 8.71E-01 4.37E+01 8.47E-01 9.45E-01
4, 77E+01 3.84E-01 4.52E+01 8.61E-01 9.49E-01
4.58E+01 8.67E-01 4.33E+01 8.42E-01 9.45E-01
4.61E+01 3.69E-01 4.33E+01 8.43E-01 9.40E-01
4. 77e+01 8.84E-01 4.46E+H01 8.55E-01 9.36E-01
4,58E+01 8.37E-01

8.66E-01

Rate of good-
guality tracks

4.27E+01

!

9.33E-01

4.40E-03
4.34E-03
4.43E-03
4.48E-03
4.54E-03
4.62E-03
4.48E-03
4.76E-03
4.53E-03
3.96E-03
4,29E-03
4.72E-03
4.66E-03
4.29E-03
4,09E-03
4.33E-03
4. ATE-03
4.54E-03
4. 73E-03

1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01
1.62E+01

1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.20E+01 9.93E+02 7403800001
1.18E+01 9.93E+02 7403800002
1.18E+01 9.93E+02 7403800002
1.18E+01 9.93E+02 7403800002
Pressure
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Have a look to the data

H ©- = STRUMENTI GRAFICO Cartell - Excel
FILE HOME INSERISCI LAYOUT DI PAGINA FORMULE DATI REVISIONE VISUALIZZA TEAM PROGETTAZIOME FORMATO

E

Tabella Tabelle pivot Tabella  Immagini Immagini Forme SmartArt Schermata App People Grafici Grafico | Linee Istogramma Positivi Fi
pivot  consigliate online - - Graph  consigliati ™ piyot negativi 4
Tabelle Nlustrazioni Componenti aggiuntivi Grz Dispersiol parkline
Graficol  ~ ‘](.1' . ." \ |
e 0e -
A B C D D .
R, : ispersione
RlprlbtlﬂO documenti 1 |#BinStart RateTrackEvents Pressure U P o0 di arafi
5 sto
Excel ha ripristinato i seguenti file, Salvare 2 3.49E+08 4.26E+01 9.93E+02 pef:re Auestefipe drgratics
ifile desiderati. 3 3.49E+08 4,28E+01 9.93E+02 « Confrontare almeno due set
T —— 4 3.49E+08 4.46E+01 9.93E+02 divalori o coppie di dati.
File disponibili 5 3.49E403 2345401 .936402 « Visualizzare le relazioni tra set
: - - . - . li valori.
partecipantiall (version 1}.x.. d
Versione creata dall'ultimo... 6 3.43e+08 4.27e+01 9.33e+02
10/05/2018 03.00 7 3.49E+08 4.39E+01 9.93E+02 Ulﬂalrb quando:
= | dati rappresentano
8 3.43e+08 4.38E+01 9.33e+02 misurazioni distinte,
partecipantisll.xlsx [Origin... g 3.49E+08 4 AZE+H01 9.93E+02
Versione creata all'ultimo s... 10 3. A9E+08 A.A1E+01 9.93E+02
09/05/2018 10.38
/051 1 3.45E+08 5.13E+01 9.93E+02
12 3.49E+08 4.33E+01 9.93E+02
b4:| Cartell (version 1).xlsb [Sal..
Versione creata dall'ultimo... 13 3.43E+08 3.88E+01 9.93E402
07/03/2018 10.13 14 3.49E+H08 3.98E+01 9.93E+02
13 3.49E+H08 4,37e+01 9.93E+H02
Cartell [version 2).xdsb [Sal... 16 3.49E+08 4.52E+01 9.93E+02
Versione creata dall'ultimo... 17 3. A9E+08 A.33E+01 9.93E+02
14/03/2018 21.31
/031 18 3.49E+08 4.33E+01 9.93E+02
19 3.49E+08 4.46E+01 9.93E+02
i G sk [Origin..,
peorseGruppo.isx [Origin 20 3.49E+08 4.27E+01 9.93E+02

Versinne creata all'ultimno s...

We can start by inserting a graph showing the trend of the track rate vs pressure
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Select data

Seleziona origine dati 7 X
Intervallo dati grafico: 53]
H Taglia
fB Copis I 11
il Opzioni Incolla:
b “pmom neots Woci legen seriej Etichette asse orizzontale (categoria)
0 7 Aggiungi
Ri ht C“Ck On the ra h area 9 Reimposta secondo lo stile
g g p A Carattere...
1.1 Cambia tipo di grafjeo...
Ig 5alvacome m?l(:...
Seleziona datis
[M] Sposta grafico...
Celle nascoste e vuote OK Annulla
Modifica serie ? >

Assegna macro...

84 Formato area grafico... ﬂnme serie:
= . .
3| Seleziona intervallo
; Walori ¥ serie:
2 & =
- . =

Riempimenta Contorno =Foglio1!5C2:5099999 3| =9.93F+02: 9.93...

Valori ¥ serie:

=Foglio1!562:56999%9
X

Pressure column Annula

]
il

= 4,26E+01: 4...

Rate column . ,
We skip the first row
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Scatter plot

Rate vs Pressure

4.70E+01

4.50E+01

4.30E+01

4.10E+01

3.90E+01

3.70E+01

3.50E+01
9.90E+02 9.92E+02 9.94E+02 9.96E+02 9.98E+02 1.00E+03 1.00E+03 1.00E+03

It is quite difficult to appreciate
variation in the flux in a scatter plot
because of the large fluctuations
(the statistics of each point
corresponds to 1 minute of data
acquisition)

We are interested to the mean
value for a given value of the
pressure.
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E F
Pressure M events . . .
9.906+02|=CONgA.SE( Define a column with the possible value of

9.91E+02 | CONTASRG
3.928402 COUNT.IF
9.93E+02
9.94E+02

9.95E+02
9.96E+02 Counts the events with the correspondent

9.97E+02 value of the pressure:
9.98E+02

9.99E+02 Interval = Pressure column

1.00E+03 Criterion = Correspondent pressure value
1.00E+03

1.00E+03
1.00E+03
1.00E+03
1.01E+03
1.01E+03
1.01E+03
1.01E+03
1.01E+03
1.01E+03
1.01E+03

1 AT CLnN?

tervallo: criterio)

the pressure
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Compute the mean for each

value of the pressure

F G H | J
_Pre&5ure _N events rrma;an )
| 9.92e+02f 481 =SOMMA.SE(C:C;F2;8:8)/G2 Sum the value of the rates with the
333;‘?’3 222 SUM.IF( correspondent value of the pressure:
9.95E+02 32 Interval = Pressure column
2223‘; Eg Criterion = Correspondent pressure value
9.98E+02 49 Sum values = RateTrackEvents column
9.99E+02 lils]
1.00E+03 287 . . .
L D0E+03 213 Then divide for the number of events with

1.00E+03 291 that value of pressure
1.00E+03 84
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We can make a new graph

Rate VS Pressu re using the mean value.

E F G H | J K L M N
Pressure N events mean_ ! _I
9.92E+02 4ai_ 42.8265, . .
! atevs
9.93E+02 2561 43.160081
1 1

9.95E+02 32: 42.76%81!

barometric coefficient by

9.96E+02 SDE 42.493 - s

AOTEH2 50 42231 s30t01 fitting with a line.

9.98E: 49: 42.33222:

9.99E+02 66: 42.1468: 4. 10E+01 ®

1.00E+03 87) 42.14012} N

1 .

LOOEW3  BAN 4195111 2001 . Before to do that we need to

1.00E+03 291: .

1.00E+03 2 X have AP on the x-axis respect

- to a realistic reference (1000
434 Foglio1N\gF52:5F513 E = 9.92E+02; 9.93... mbar IS flne)
432 M Valori ¥ seri
3 =Foglio1!SHSXSHS13 B =42.82650138; 4... F € H |
428 . . Annulla Pressure N events mean DeltaP
26 . | 9.92E+02] 43 42.3255
ioa ? 9.93E+02 256 43.16008
i2s e ! 9.94E+02 32 42.6373
[ ]
o ! o« o 9.95E+02 32 42.76281
[ ]

s 9.96E+02 80 42.49365
9.50E+02 9.92E+02 G.04E+02 9.96E+02 9.9BE+02 100E+03 100E+03 1.00E+03 9.97E+02 50 42.2318

8 Seriel 9.98E+02 49 42.33222
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Perform the fit with a line

‘ormato linea di tende... ™ %

JPZIONI LINEA DI TENDENZA ¥

+ &Qlll

434
% 432 P 4 OPZIONI LINEA DI TENDENZA
‘-"
43 ; E .
r R sponenzia
r
L - . > f
% 2 Seriel -l 7 (@ Lineare
% Riempimenta Contorno o
3 ) ¥ Lagaritmica
¥ 424 .
- iy Poli ial 2
% Efimina P Polinomiale
¥ Reimposta secondo lo stile ! Patenza
11 Cambia tipo di grafico serie.. Esﬂi”ae 5
-1.00E+01 -B.OOE+D0 -6.00E+D0 -4.00E+00 -2.00 Seleziona dati,.. Norme inea di tendense
o Seriel ® Automatica Lineare (Seriel]
Aggiungi etichette dati k Personaliza
Aggiungi linea di tendenza... Previsione
. . Fut 0.0 i
14‘ Formato sernie di dati... it per
Verifica 0.0 peri
Imposta intercetta 0.0

+| Visualizza I'equazione sul grafico

Visualizza il valore R quadrato sul grafi
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Interpretation of the results

43.4
y = -0.0963x + 42.156
432
43
® '....,...‘ 42.8
¢ 426
424
o 322
°..

42 °

418
-1.00E+01 -8.00E+00 -6.00E+00 -4.00E+00 -2.00E+00 0.00E+00 2.00E+00 4.00E+00

@® Seriel ceceeee Lineare (Seriel)

Now, let’s repeat the measurement
for different telescopes and period to
see how this coefficient change.

Note that with Excel we cannot fit with our
original function:

flusso(AP) = flusso(Py)(1 — aAP)

But we fitted with:

flusso(AP) = aAP + b
However we can rearrange the formula used
to fit to extract the parameters we are
interested to, since the same formula can be
rewritten as:

flusso(AP) = b (1 + %AP)

So in our case:

a —0.0963
ad=——=

T -1
p 12126 0.0023 mbar



