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Eco-friendly gas mixtures -
Standard mixture adopted in the MRPC EEE telescopes
C,H,F, (98%) + SF¢ (2%)
GWP of ~ 1880 Let’s get...orEEEn! e e
98% C,H,F, * 2% SF¢ 98% C,H,F, +2% SF¢
Just one carbon! F )
' Frn,, e F GWP<1
F—C—C—H F...C___F # S\
F H H FF F
CoHaFs CsHaFs oo AN 0=Cc=0
Tetrafluoroethane Tetrafluoropropene Sulfur e_xa uoride
GWP = 1430 GWP =6 GWP=23300 Co,
C3H2F4 ! GWP:].
is a good candidate to replace
C,H,F
zrea v He and CO, are used to reduce the
v C;H,F, is a good quencher operating voltage wrt pure HFO
v Too high operating voltage v Less quenching wrt standard mixture
0 0 —
SOA) C3H2F4 + 50/3 He g 1——¢—50%HF0+50%He . -
S ~ 4 60% HFO + 40% He P . - - a o .
has GWP < 3.5 B ot ToMHROLsmbe } _ < Very good results from tests with eco mixture
06— : ' < Excellent efficiency (He reduces working point)
*“r | | < Slightly noisier, but still inside requirements
0.2;  T—
i S < Let’s restart!!
OV_L__.f Bl il s PR - P M
12000 14000 16000 18000 20000 22000
HV_eff (V)
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| Restarting

. - JGt
| Operational €/ €sco Pe
Telescopio Sito - Miscela
BOLO-01 INFN Bologna R1234ze+CO;
BOLO-02 Liceo Fermi Bologna R1234ze+He
BOLO-05 Liceo Galvani Bologna R1234ze+CO,
CAGL-01 Liceo Pacinotti Cagliari R1234ze+He
CAGL-02 Liceo Michelangelo Cagliari R1234ze+CO;
CARI-01 ISS Cariati R1234ze+He
CATZ-01 Liceo Fermi Catanzaro R1234ze+He
CERN-01 CERN R1234ze+CO,
LECC-01 Liceo Banzi Bazoli Lecce R1234ze+CO>
LNLE-01 Laboratori Nazionali Legnaro R1234ze+He
PISA-01 INFN Pisa R1234ze+He
REND-01 Dipartimento Fisica Rende R1234ze+He
REND-02 Dipartimento Fisica Rende R1234ze+He
SALE-02 Liceo Regina Margherita Salerno R1234ze+He
SALE-03 Dipartimento Fisica Salerno R1234ze+He
VICE-01 Liceo Quadri Vicenza R1234ze+He
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| Restarting |

9
@ rk in prorss te/eSCOpe
Telescopio Sito [ Miscela >
COSE-01 Liceo Scorza Cosenza R1234ze+He
LAQU-01 Liceo Bafile L'Aquila R1234ze+He
AREZ-01 ITIS Galilei R1234ze+He
GROS-01 lIS Manetti R1234ze+He
TREV-01 Liceo Duca degli Abruzzi R1234ze+He
FRAS-02 ITT Fermi R1234ze+He
TRAP-01 Liceo Fardella R1234ze+He
BOLO-03 Liceo Galvani Bologna R1234ze+He
BARI-01 Liceo Scacchi R1234ze+He
S
j Startiné procedures || te/eSCOpeS
Telescopio Sito Miscela
LODI-01 Volta R1234ze+He
TERA-01 lIS Alessandrini-Marino R1234ze+He
CAGL-04 IS Levi R1234ze+He
MESS-01 Dipartimento Fisica Messina R1234ze+He
GENO-01 INFN Genova R1234ze+He
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Single telescope Multi-telescope
sensitivity analyses

Forbush
decrease

Primary cosmic ray

Galactic Cosmic Ray (GCR)
flux variation due to
solar activity

GZ effect

|
‘ 53 EEE telescopes

Number of pairs

Secondary
cosmic rays

Variaion %]

&) Springer

EEE m

400 600 800 1000 1200 . . .
Distance between EEE telescopes (km) Unprecedented with muons in High Schools !l s

EEE typical distances between

2 telescopes ..and much more (see F. Riggi slides)
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| Telescope and electronics

INFN CNAF

Gas mixer equipped with 2 mass flow meters

GPS Receiver
Gas mixer

FE Right ;

- LV Internet

USB Connected

DAQ |™

i £

5 )
jvedaves Fﬁ-ml
MO0 e W e B

3=

| MRPC 6
7

VME CRATE

DAQ and LV based on Labview

e HV/LV Controller
F . Y 20 +LV
b b e pm—
L g
50% C3H,F4 + 50% He —> S

FE Left

LV PS supplying FEAs (2.5V) and
DC/DC converter (1V — 2kV)

£ Muons are detected and reconstructed with ~ cm? spatial resolution and hundreds of ps time resolution
¢ The telescopes are GPS synchronized for offline analysis on time correlated events

¢ Data from each station are sent to Bologna INFN CNAF for the track reconstruction and storage
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= “EE Data Acquisition - SALE-D1-20| Average rate of Average number of

File Edit Help triggered events triggered events
Run  Station = Configuration Runneng
Data
folder tput Direct Average Rate Run No. Acquired Events
- 12 SdH: 141 49535
Weather
: | Rate Monttor Instantaneous
station .
o W rate of triggered
data \ ‘
| 0 . events
6
Current data file
Binary File /
Min Events per Run Runs 9 SALE-01-2015-02-19-00020.ben
: 50000 v Auto Restart : )
Max Nb
of events Parameters should be set before pressing «START »
per run
Current Time Start Time Stop Time

19:54:50 1851:03 19:54:50

19/02/2015 19/02/2015 190272015

| 717
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| HV system

High Voltage system (2 different types)

% N LowRPCZ SenseLowVolt
ix Negativo

44028 !-10,6511
Vx Positivo LowRPC3 ,Lo‘_/_v_\_/fjt.
lPositivo 44984 12,9314
Applied VOLTAGE (V)
0,3614 2,57

HV RPC1 Pgze?® HV RPC2 Negative HV RPC2 Positivo | HV RPC3 NE&Gativo HV RPC3 Positivo

{hv RPC1 Positivo Ihv RPC2 Negativo Ihv RPC2 Positive | thv RPC3 Negative Ihy RPC3 Positive

Monitored CURRENT (i A)

ow_ V. RPC2 Low V RPC3 Enable

Power Board Start

VOLTAGE (V) setting

C.A.E.N. A7512 128080 / Z4uf S¥ Rel. 2.82
Board Umon {lmon stat Puw Uset Iset Rdwn Pdwn Irip Temp

ulac+) U9BAas .1 ¥1.1159 wiuue . v g’/.8u4 usy u/S Ramp Bo1v 5 +29.9
a1<+) 99892 .2 ¥a.8575 ) #arean . v #7.888 w58 u/s Ramp wa1n 5 +29.8

n2<+) NIvnvzZ .2 a8 . 5789 n7ean .9 a7 .au9 ase u/s Ramp na1n 5 +29.9
A3C-) B9BA3 .3 ¥1.4918 wivne .9 a7. vy @58 u/s Ramp w1 S +29.9
v4<-) V7882 .5 ¥8.86%989 wivve .9 87.888 uA bvs8 u/s Ramp a1 5 +29.9
us<-> 8788z .8 ¥ .5655 y7vee .9 a7 .8uy 8548 u/s Ramp Bl 5 +31.0

— CURRENT (1 A) limit
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(hannel Distribution  Timing  Multiphcity  Parameters

TDC 1 A - Chamber 1 Right B - Chamber 1 Left D - Chamber 3 Left

C - Chamber 3 Right

||||I|.
.'_ n

B - Chamber 2 Left

TDC2 A - Chamber 2 Right

1D

Multiplicity of 24 FEA channels

Possibility to check each single
\ channel behavior

Detect dead or noisy channels

Binary File Events Read
S ST1oP
First 1000 Events
v Anmat

Multiplicity shape of middle
chamber (acceptance)

Noisy channel

TDC2

LE Chamber 2 Right
7000~

6000 -

5000-

4000-

3000-

2000-

1000-

0-|
0

0

gt

5

20 25

Dead channel
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Channel Distribution  Timing  Multiplicity
TDC 1 A - Chamber 1 Right

15
)

TDC 2 A - Chamber 2 Right

inary §

le

>4

Parameters

TDC 1B - Chamber 1 Left

TDC2 B - Chamber 2 Left

S -

!
‘ [ | TDC 2.4

TDC 1D - Chamber 3 Left

| P —

Event multiplicity
Number of fired strips

Peak expected to be at 1

Head

S1OP
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INFN CNAF

~

http://eee.centrofermi.it/monitor

La tabella sottostante mostra la situazione dei telescopi:

- In verde sono indicati i telescopi in presa dati e trasferimento nelle ultime 3 ore e con parametri di acquisizione ragionevoli nell'ultimo run analizzato.

- In giallo sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da pit di 3 ore o con tracce (X*2<10) minori di 10 Hz nell'ultimo run analizzato.

- In rosso sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da pil di due giorni o con tracce (X*2<10) minori di 5 Hz nell'ultimo run analizzato.

- In grigio sono indicati i telescopi in attesa di ripartire con la nuova miscela di gas ecosostenibile.

- In beige sono indicati gli archivi storici dei dati dei telescopi che ora sono stati spostati in altre scuole.

RATE of
Tracks

for the
last Run
in DQM

ALTA-01
[Event Display]

ANCO-01
[Event Display]

AREZ-01
[Event Display]

BARI-01
[Event Display]

BOLO-01
[Event Display]

BOLO-02
[Event Display]

RATE of
Name of the last Number of Files N:'i'l': :::&:el:“ .I;':ﬁ::s
trasferred File trasferred today by DOM last Run
inDQM
sab 15 11:08 ALTA-01-2020- 0 ALTA-01-2020- 16/02 31.0
febbraio ’ 02-15-00032.bin [History] 02-15-00032.bin [History] ’
dom 08 19-08 ANCO-01-2020- 0 ANCO-01-2020- 13/02 220
marzo ’ 02-25-00002.bin [History] 02-25-00022.bin [History] ’
ven 12 17:36 AREZ-01-2021- 0 AREZ-01-2021- 13/03 14.0
marzo ’ 03-12-00005.bin [History] 03-12-00004.bin [History] ’
mar 16 15:22 BARI-01-2021- 0 BARI-01-2021- 17/03 10.0
marzo ’ 03-16-00013.bin [History] 03-16-00012.bin [History] ’
lun 27 14:36 BOLO-01-2023- 18 BOLO-01-2023- 27/11 15.0
novembre ’ 11-27-00018.bin [History] 11-27-00018.bin [History] :
lun 27 14-45 BOLO-02-2023- 37 BOLO-02-2023- 27/11 31.0
novembre ’ 11-27-00036.bin [History] 11-27-00035.bin [History] ’

10.0

15.0

11.0

12.0

27.0

ALTA-01

ANCO-01

AREZ-01

BARI-01

BOLO-01

BOLO-02

& Complete monitoring of all EEE telescopes
Basic quantities to monitor the stability of the telescopes
& Green detectors are currently running (Restarting)

28/11/2023
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http://eee.centrofermi.it/monitor

Dat? Quality Monitor http://eee.centrofermi.it/monitor

Extreme Energy Events Monitor

Ultimo aggiornamento: ore 16:49 - mer 13 aprile 2016 [by e3monitor] Da I |Y re Port

ELOGBOOK delle SCUOLE ELOGBOOK dello SHIFTER New DB Interface (BETA)

Home Page EEE Masterclass Download the Excel Sheet for the Shifter's Report

[EEE Monitor info] RUN 2 - Data taking - Day number 159
Total number of candidate tracks (X#2<10) in the database: 22145455079

Questa tabella mostra la situazione dei telescopi in acquisizione:
In verde sono indicati i telescopi in presa dati e trasferimento nelle ultime 3 ore e con parametri di acquisizione ragionevoli nell'ultimo run analizzgfo.
In giallo sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da pit di 3 ore o con tracce (X*2<10) minori di 10 Hz nell'ulting® run analizzato.

Ultima Entry Noma dell®

Nome dell'ultimo | Numero Files nell'e-logbook File anali:zl:it':o - i Pl [
File trasferito [trasferiti oggi| delle Scuole giornauero
dal DQM last Run |last Run
del Run2
mer 13 ;s ALTA-01-2016- 20 11:16 ALTA-01-2016- 13/04
ALTA-01  oorle 1627 04-13-00032.bin  [History]  13/04/2016  04-13-00031.bin [History] 25105 11198, || SAETA0]

AREZ-01-2016- 38 11:04 AREZ-01-2016- 13/04

mer 13 :

: 34.0 25.0 AREZ-01
aprile

& Complete monitoring of all EEE telescopes
Basic quantities to monitor the stability of the telescopes
& Green detectors are currently running (Restarting)

Trigger rate f

1256 }(slide7)

| 12/17
28/11/2023 Meeting Generale del Progetto EEE - LNL - D. De Gruttola (Salerno Uni & INFN) S


http://eee.centrofermi.it/monitor

Data Quality Monitor

http://eee.centrofermi.it/monitor

Extreme Energy Events Monitor

Ultimo aggiornamento: ore 16:49 - mer 13 aprile 2016 [by e3monitor]

ELOGBOOK delle SCUOLE ELOGBOOK dello SHIFTER New DB Interface (BETA)

Home Page EEE Masterclass Download the Excel Sheet for the Shifter's Report

[EEE Monitor info] RUN 2 - Data taking - Day number 159
Total number of candidate tracks (X~2<10) in the database: 22145455079

Questa tabella mostra la situazione dei telescopi in acquisizione:

In verde sono indicati i telescopi in presa dati e trasferimento nelle ultime 3 ore e con parametri di acquisizione ragionevoli nell'ultimo run analizzato.

In giallo sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da pit di 3 ore o con tracce (X*2<10) minori di 10 Hz nell'ultimo run analizzato.

In rosso sono indicati i telescopi in cui trasferimento e/o acquisizione sono sospesi da piu di due giorni o con tracce (XA2<10) minori di SHz nell‘ultimo run analizzato.

RATE of |RATE of

Ultima Entry Noma dell®

Nome dell'ultimo | Numero Files nell'e-logbook File anali:zl:it':o - i 1::?2::5 :‘; r::::
File trasferito [trasferiti oggi| delle Scuole giornauero
dal DQM last Run |last Run
del Run2
mer 13 ;s ALTA-01-2016- 20 11:16 ALTA-01-2016- 13/04
ALTA-01 aprile 1927 04.13.00032.bin  [History]  13/04/2016  04-13-00031.bin  [History] 250 180
AREZ-01 mer 13 16:38 AREZ-01-2016- 38 11:04 AREZ-01-2016- 13/04 34.0 25.0

aprile 04-13-00036.bin [History] 13/04/2016 04-13-00034.bin [History]

ALTA-01

AREZ-01

Rate of
& Complete monitoring of all EEE telescopes

Basic quantities to monitor the stability of the telescopes

reconstructed | (after timing and

. . tracks space selection
Green detectors are currently running (Restarting) P )
28/11/2023 Meeting Generale del Progetto EEE - LNL - D. De Gruttola (Salerno Uni & INFN)
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http://eee.centrofermi.it/monitor

Rate [HZz]

Entries/bin

[ Tracks

Extreme Energy Events

LNLE-01 2023-11-20--2023-11-21 E E E La Scionza nlle Scuol

T T I T T T | T T T | ]
- —— Average rate of events [Hz] -
35— Rate of events with hits [Hz] .
- — Rate of events with x? < 10.0 [HZz] 7
30—_ R ‘Pr"qlrl 41" TN B
- IR
osf- W‘W‘W -
20 -
15_7 R MR SR SRRt ThASR RRRRAY SRl SRS SURE] MRSl SRR SRR MR .
20/11/23 20/11/23 21/11/23 21/11/23
01:00:00 13:00:00 01:00:00 13:00:00
BOLO-01-2023-11-21-00002 EBE I 5o vere suor
: 1 1 ] ] I T T 1 1 I 1 1 ] ] T T 1 1 I 1 1 ] T I T 1 1 1 :
= TimeOfFlight 3
4500 - Entries 3%429 =
i Mean 3.619..
= 4000E RMS = 153 -
— Underflow 6.-—
3500 - Overflow 13 3
3000F- =
2500F- =
2000F- =
1500E- =
1000F- =
500F- =
0 : 1 1 ] 1 l 1 1 1 1 :
=10 -5 0 10 15 20

Time of flight [ns]

fraction of events with X? < 10.0

Entries/bin

LNLE-01-2023-11-21-00015

1

- .
(2] Qo
III|III

S
~

o
(S}

http://eee.centrofermi.it/monitor

E E Extreme Energy Events
La Scuenza nelle Scuole

|
|
|
|
n
a
|

Illllll

lllllll

21/11/23

04:00:00

21/11/23
04:10:00

BOLO-01-2023-11-21-00002

— | 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 T -
6000 TrackLength —:
n Entries: 34429 4

— Mean 1122 ]
5000 RMS 12.41 —
— Underflow 0 7

~ Overflow 0 7
4000— ]
3000 —
2000F -
1000 —]
O : L 1 L 1 I 1 1 1 1 I L L 1 1 1 1 l L L 1 1 I 1 1 1 1 :

0 50 100 150 200 250 300

+ angular distributions, hit and cluster multiplicity, track y°...

E E E Extreme Energy Events
La Scienza nelle Scuole

Track length [cm]
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http://eee.centrofermi.it/monitor

SALE-02-2023- 27/11
11-28-00022.bin [History]
/

SALE-02 Daily Report History

2023-11-27
2023-11-22
2023-11-17
2023-11-12
2023-11-02
2023-10-28
2023-10-23
2023-06-29
2023-06-24
2023-06-19
2023-06-14

2022.0A.0Q

2023-11-26
2023-11-21
2023-11-16
2023-11-11
2023-11-01
2023-10-27
2023-10-22
2023-06-28
2023-06-23
2023-06-18
2023-06-13

2022.06.08

2023-11-25
2023-11-20
2023-11-15
2023-11-10
2023-10-31
2023-10-26
2023-10-21
2023-06-27
2023-06-22
2023-06-17
2023-06-12

20220607

2023-11-24
2023-11-19
2023-11-14
2023-11-09
2023-10-30
2023-10-25
2023-07-01
2023-06-26
2023-06-21
2023-06-16
2023-06-11

2022 0604

2023-11-23
2023-11-18
2023-11-13
2023-11-08
2023-10-29
2023-10-24
2023-06-30
2023-06-25
2023-06-20
2023-06-15
2023-06-10

20220602

Daily report

Possibility to download trending
data - root files and cdv files

Station: SALE-02

Time period: 2023-11-26--2023-11-27

Number of runs processed: 97

Total number of events: 4470134

Number of events with hits: 3535724

Number of events with a track: 2204374

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

http://eee.centrofermi.it/monitor
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http://eee.centrofermi.it/monitor

| The EEE Project |

¢ Largest surface covered by a detector of
cosmic muons on ground, with both tracking
and timing capabilities

¢ ~ 0.5 % 10%m?* ~ 10° of latitude/longitude

§ © Largest area of MRPC detectors built and

operating, in unconventional working sites
N

€ ~ 200m> /

8 i . \ L Y

,' mainly SCh0.0| buﬂdmgs. | \ @/@gp 5

& non-professional electrical lines \\\\‘ ’@‘4?/.’
. NN/

¢ non-controlled environmental parameters~¥|

¢ heterogeneous maintenance conditions

¢ Long-living MRPC-based system (1(3%93?93;&)51,-@3)
B < Number of involved people comparable to big
experiments at colliders (researchers/students/
teachers)

@schoolwithtelescope § © Schools with and without telescope equally

) school without telescope;

) CERN and INFN sites § involved in the project

28/11/2023
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| Conclusions |

¢ RUN 6 - 16 telescopes running after Covid stop and tests with eco-gas mixtures

< New telescopes joining

¢ Collected tracks increased even during the stop

Total number of candidate tracks vs months of data acquisition
Lo LELL
<97 n ] ' | ' | ]
e s Pt e o o et e [P = ,
1101 g iRUN 2 [ RUN3[ | RUN4T| | RUNSI cosssessossssssceseet i RUN 6 |
ro] & i3 4 | A - I : :
R S s s e e s g 11 : i
o e .
y 0-80 i I I I H I o® i i :
S 075 | i I | : i I } i i :
 0.70 e ! i i ! oo’ : '
+ 0.65 oo ! ] i ! ! of " ! ' '
© 0.60 1 1 ! ! : ! o’ ! i | I !
@ 0.55 ]| 11 1 1 | ! 1 .. | ' I I !
8 o [T I I I L | 1g® 1 : | | -
€ 0501 [ ] I | =..... 1 : I | i
z 045 1 I I I ~ | i ' ! ;
0.40 1 i I | s, i [ 1 i !
0.35 TR ! i i e® ! B : '
0.30 4 ! ! i i g® ;! : . ! i :
0.25 L ! ! g0’ i | ! ; : | "
0.20 11 J " I : | 1 : I I
0.15 1 : ol I H : I ' : : -
: n (1 | I - I i
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¢ Restarting limited by availability and cost of gas

Thank you for the attention!
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