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Scintillateurs

13 détecteurs reliés

Discrimination et somme en temps réel sur les
signaux de chaque scintillateur : production d'un
« trigger » pour la numérisation et les autres
instruments |

On demande des signaux en coincidence dans 5
scintillateurs : on sélectionne les grandes gerbes

On échantillonne la distribution au sol des particules
dans une zone de 300 x 300 m?

On date les événements retenus a la ns pres (MC250)




Scintillateurs

e Numérisation des signauxa 1
GS/s et sur 2,5 ps.

e Le signal des particules durent
moins de 1ps.
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e Les différences en amplitude
donnent I'énergie du rayon
cosmique

e Les deux gains permettent de
couvrir une grande dynamique




Scintillateurs

e CODALEMA - Meteo - Mozilla Firefox

e.obs-nancay.fr,

Lo £ CODALEMA - DONNEES SCINTILLATEURS
09:52:19 UT

® Le dernler événement ® Les 10 dernlers © Directions d’arrivée ® Multiplicité/Amplitudes
événements

Run 141201_16h47 , 1484 events
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Trigger rates in station MC250 : all days
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Date (month-year)

Produit le 2015-10-08 2 16:02:08

o Les gerbes enregistrées

sont « peu »
nombreuses. Les RC qui
nous intéressent ont
une énergie supérieure
a 10weV

e Taux d'acquisition entre

quelques RC/h et 1
RC/2mn



Quelques événements

Run : 150611 11h21, Event: 000153, 2015-06-11 16:39:42.990000

100 ' ' ' Multiplicity (HG) =7
0 200 |- Multiplicity (BG) =1
A x ~ ~ H — o
_ P Elevation 58.40
S Lol Azimuth =126.2
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~60 O T T _50 L1 _50 L) _50 O T | _60 _50 T R N |
-0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 06| Low gain
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~500 _50 T M T T _50 L) _50 T T T | _50 T T T _50 T N N | _50 AT TR R |

-0.6-0.4-0.2 0.0 0.2 04 06 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 —-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 06 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 —-0.6-0.4-0.2 0.0 0.2 04 06 -0.6-0.4-0.2 0.0 0.2 04 06



Quelques événements

Run: 150611 11h21, Event: 000154, 2015-06-11 16:40:07.596000
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' ' ' Multiplicity (HG) =6
ol . S — 200} Multiplicity (BG) =0
\/ | Elevation = 60.1°
S —20¢ ! ool Azimuth = 74.0°
S 4 — sc05 ® t, =-105.2 ns
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-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 06

-0.6-0.4-0.2 0.0 0.2 04 06




Quelques événements

Run : 150611 11h21, Event: 000155, 2015-06-11 16:40:35.795000
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' ' ' Multiplicity (HG) =7
0] PR I 200 |- Multiplicity (BG) =0
o Elevation = 82.8°
— — | . H
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—-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 00 0.2 04 0.6




Quelques événements

Run : 150611 11h21, Event: 000156, 2015-06-11 16:43:01.404000

100

Multiplicity (HG) =5
200 |- Multiplicity (BG) =3
50 Elevation = 0.0°
S Lool Azimuth =-100.0°
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Quelques événements

Run : 150611 11h21, Event: 000157, 2015-06-11 16:45:20.097000
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0 0 0 0 0 0 rv-——-——
~10 | 4 -} 4 -} 4 -1} 4 -} 4 -} . 12| 12
—20 |- 4 -2} 4 -2} 4 20} 4 -2} 4 -0} . 16 15
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-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 —-0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 06| Low gain
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-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6




100

Quelaues evénements
Run : 150611 11h21, Event: 000158, 2015-06-11 16:46:02.923000

' ' ' Multiplicity (HG) =4
200 | Multiplicity (BG) =3
50} o ° ® Elevation = 0.0°
S ool Azimuth =130.0°
c — ) ty = 13.4 ns
~ O — SCcoe6|] 9 0
o ~ o 2 /dof =9999999.0
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< Sc13 =
—-100}+ sc14ff £ 000f .
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Time (us)
10 10 10 10
0 0 0 0
-10 -10 -10 -10
=20 =20 =20 =20 1612 1115
¢ =30 =30 -30 =30
C
s Psc12 e 0 0 — High gain
-50 L1 -50 -50 L L -50 oh 9a
-2C -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 06| Low gain
-3C
—4C 10 0 10 10 T T T T 20
—5c_ 0 —20 0 12
-10 40 -10
0 oo
lz -30 _80 -30 _30
i -4 -5 C0O5 -100 —40 -4 FSC11
_s0 T R B _120 _50 _50 L1 _s0 TR B
-2C -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6
-3C
-40 -40 -40 -40 1o A=-148 mV -40 -40
_50 |_SFO|5 I I -I _50 |_S$:0|6 L1 -I _s50 |'SIC0|7 L1 -I _50 |_SF0|8 I I -I _iig |—SIC0|9' L1 -I _50 |_S|CI9 L1 -I _s0 |_S(|:1:|I' L1 -I

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6



Quelques événements

Run : 150611 11h21, Event: 000159, 2015-06-11 16:46:10.689000

100 ' ' ' Multiplicity (HG) =5
0 , o _ 200 - Multiplicity (BG) =1
VT\/ o Elevation = 67.2°
— . _ o
> —100} § 100l Azimuth = -4.8
= — SC05 ® to =-218.0 ns
~ — SCO06
Q —200- — SCO7{] X2 /dof = 192
© — 5C08 ! ! o ! !
= 300 scoof| -200  -100 100 200 40
= = ™ sc1ol] 30}
g— SC11 20}
_ B sc12|| —100} i
< 400 sC13 = 18 I
SC14 LE B __.____ =
—500} SC15H . 5 ~10F
sc16 —200 |- ‘gg B
_ 600 Lresampled at 10QMS/s , , —— _20l
~1.0 ~0.5 0.0 0.5 1.0 —sol
Time (us)
10 T T T T 10 T T T T 10 T T T 7T 100 T T T T 10 T T T T 10 T T T 7T 1713 1;'4
0 - 0 0 0 0 0
’ -100
-10 4 -0} 4 -0} 1 e -10 4 -1} ] 12| 11
—20 |- 4 -2} 4 -2} 4 oo -20 |- 4 -0} . 16 15
-30 | 4 -30} t=-59ns {4 -30} t=-407 ns —400 -30 | 4 30} ]
-0 §C12 1 “ofsc13 A=*™ 4 -orgc1g A72M A -soo -01-SC16 1 “fsc17 1 =%
ol ol ol 1 —600 ol ol 1
-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 —-0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 06| Low gain
10 T T T T 10 10 T T T 7T 20 T T T T 10 T T T T 10 T T T 7T 10 T T T T
0 0 0 0 0 0 0
~10 |- ' ' 4 -1 ~10 |- ' 4 -2 ~10 |- 4 -0} 4 -10F i
—20 |- 4 -20 -20 | m :22 20 | 4 -20} 4 -2} m
-30 |- t=-264ns 4 -30 -30 |- 1 _so -30 |- 4 -30} 4 -30} —
-0gCes ATV 4 -0 -4 1§C07 A 100 -4 -SC09 1 “°Iscio 1 “ofsci1 .
ol T 1 _50 ol 1 1 _190 L1 L1 P B e T P B et N B R P E e N B

-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6




Quelques événements

Run : 150611 11h21, Event: 000160, 2015-06-11 16:46:53.745000

20 ' ' ' Multiplicity (HG) =8
) [eamssemssssmnsesminsacains A s 200 |- MUltlp“Clty (BG) =0
\’P/\/Wv - VTV ® ° Elevation = 63.8°

-20

N / ool Azimuth = 33.5°
£ —-40} — scosH e / t, =-126.2 ns
— — 5C06 9

v —00} — Sco7H e X /dof =240.8
© — SC08 @ L 2 L ® |

2 —-80} scoof| 200" —100 100 200 250

= sc10

o sc11 2001

& —100r sc12|] -100 |- 1501

< SC13 100 |-
—-120 scial] A 50| l
SC15 ok — —_— —
—140}+ SC16[] -200 | _s0l I . .I
— sc17
resampled at 10QMS/s . —-100

-160 L
-1.0 -0.5 0.0 0.5 1.0 -150 L

[ J
dt(ns)

Time (us)
10 T T T T 10 T T T T 10 T T T 7T 10 T T T T 10 T T T T 10 T T T 7T
0 v > 0 0 0 0 0 :r‘.f
-10
-10 | 4 -0} . -10 | 4 -0} -10 | E
-20 12| 11

—20 |- 4 20} 1 % —20 |- 4 20} —20 |- . 16 15
-30 | 4 -30} t=114 ns 4 _40 -30 | t=-281ns 4 -30} -30 | -
—40 d -0 A=-21mV _} _10 A=-37mV | _s0 —40 ]

©l5C12 ©sC13 ~50 ©sC15 ©5C16 ©lsC17 —_—
_s0 TR T B _s0 T T B _60 _s0 TSI T B _s0 L _s0 TR A N B gh ga

~0.6-0.4-0.2 0.0 0.2 0.4 06 -0.6-0.4-0.20.0 0.2 04 06 -0.6-0.4-0200 02 04 06 -06-04-0200 02 04 06 -06-04-0200 02 04 0.6 -06-04-0200 02 04 06| Lowgain

10 T T T T zg 10 T T T 7T 10 T T T T 10 T T T T 10 T T T 7T 10 T T T T

0 20 0 0 0 0 ——v— 0
-10 | 4 -4 -10 | " 4 -0} -10 | 4 -0} 4 -0} .
-20 |- :gg -20 |- 4 -20} -20 |- 4 -20} 4 -20} —
-30 |- - -100 -30 |- t=-180ns 4 -30}| -30 |- t=-63ns 4 -30} - -30} —
—40 | -120 —40 A=-19mV | _40 A=-41mV _| _40 A=-29mV | _40 | 4 a0k ]
9 -SC05 -140 4 -SC07 4 -SC08 4 -SC09 °-SC10 9 rSC11
_50 T S _160 _50 P A T | _50 T S _s50 T T _50 P T | _s0 T T

-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6




Quelques événements

Run : 150611 11h21, Event: 000161, 2015-06-11 16:48:39.591000

100

' ' Multiplicity (HG) =6
200 Multiplicity (BG) =3
50} Elevation = 0.0°
S - Azimuth =-88.6°
S 0 — scos]| t, =892.7 ns
~ — scosf
) — scor| e /dof =9999999.0
S — scos ! ! o
3 SC09 —-200 -100 200 0.06
£ _50 sc1of]
g- sc11 0.04 -
sc12 ® -100
< sc13 = 0.02 -
—100 SC14H @ <+ 000
sC15 o ©
sC16 -20 —0.02-
_ 1 50Lresampled at 10QMS/s , , —— -0.04}
-1.0 -0.5 0.0 0.5 1.0 -0.06 -
Time (us)
ol I s s 10 10 LI — 10
0 0 0 0
Y 10 1o e 12| 11
_zz - t=641 ns o _22 - _zz 16 s
30l = % _30 k- -
_ao - A=17mv | _ _ao - A=-55 mV _
stse ] clsas atsers sy, A=
-0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 —-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 -0.6-0.4-0.2 0.0 0.2 04 06| Low gain

10 — 80 10 20 10
0 I I

0 60 20 0 10 0

-0 | 40 -40 -0 | 0 -10
20 -60 -10

-20 |- -20 |- -20
0 -80 -20

-30 |- -30 |- t=944 ns -30 |- -30
-20 -100 -30

—40 |- —40 |- A=-18 mV -40 | 40 -40

SCO05 o SC07 -120 SC09 -
_50 T S T B | T A R _140 L1 1 _ T _50 _

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6
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Quelques événements

Run : 150611 11h21, Event: 000162, 2015-06-11 16:49:32.500000

80

' ' ' Multiplicity (HG) =3
60 200 Multiplicity (BG) =3
Elevation = 0.0°
S 40 Lol Azimuth =-88.5°
é 20 t, =39532.7 ns
2 . e /dof =9999999.0
A 1 1 Fa 1 1
3 O AL SC09 -200 -100 100 200 0.06 _
= sc1of
o _20_ sc11|] 0.04 | —
E SC12 -100 |- B |
< _40 B SC13H = 0.02
SC14 ° . \5, 0.00 + .
sC15 o
—60} cereH Al -0.02} .
_glresampled at 10QMS/s , , —— -0.04} .
-1.0 -0.5 0.0 0.5 1.0 -0.06 - .
10 10 10 T T T T
0 0 0
- . : f ae
| -30 -30 t=1214 ns = -30 | 16 15
N _a0 _a0 A=-16 mV _ao | A=-42 mV —40 |-
SF]'|2 ] ] _50 _50 S(|:1|5 L1 _50 S|C1|6 | _50 S|C1|7 ] ] — High gain
-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 06| Low gain

=50

10

0
-10
-20
-30
-40
=50

-0.6-0.4-0.2 0.0 0.2

60 10 10 10 — 10 —
40 0 0 0 0
20 -10 -1 -0 | -0}
-20
0 -20 -20 | -20 |
-30
20 -30 _a0 -30 | -30 |
"SCO05 —40 40 =50 ~4°SC10 ~SC11
! ! _so —60 o LT ! _ T I B!

0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6



Quelques événements

Run: 150611 11h21, Event: 000163, 2015-06-11 16:51:27.112000

60 ' ' ' Multiplicity (HG) =6
a0l | 200 Multiplicity (BG) =1
‘ Elevation = 0.0°
S ool i Lool Azimuth =132.6°
£ 7 — sc05 . t, =260.3 ns
~ = R — 5Co6|]
U O s aua e m s T o) X2 /dof =9999999.0
© = "'_\v»._s\ B BN RS REL R I  —— — scosl | | a | |
I —20l e scoof|  —200 100\ 100 200 0.06
— SC10
o SC11 o 0.04 L
g _40 i zgii | ~1009® _ 0.02
sc14 2 o000}
—60L sc1s] ® e
60 sC16 200} —0.02-
_glresampled at 10QMS/s , , ——— | -0.04}
—-1.0 -0.5 0.0 0.5 1.0 -0.06 -
Time (us)
10 T T T T 10
0 0
or ] -10 12| 11
20 |- - -20 16 15
-0 b, -30
:Z _SF1|2 L] ! o ::g S(|:1|5 L1 o L1 — High gain
-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 06| Low gain

10 10 10 T T T 1
0 0 o -

-10 -10 -10 |
-20

-20 — -20
-30

-30 -30 t=1343 ns —30 |

30 A=-15 mV A=15mv | 0
-40 —wn|scoe -4 -5C07 1 -0 ~°rscC10
—50 —50 l l l l l —50 l l l l l _ —50 l l l l l 0
-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

0
-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0

.0 0.2 04 0.6
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Quelques événements

Run : 150611 11h21, Event: 000164 , 2015-06-11 16:52:50.915000

40

Multiplicity (HG) =4

200 |- Multiplicity (BG) =3
20 Elevation = 60.8°
S ool Azimuth =-42.1°
E O d A MMAMMAW"""“'M - to =_123.1 nS
~ oy ORI s AN AR A28 2002 5s Ty PWWWWVWWIAEETEE —_
() ‘\\ M — sco7 e /dof =205.5
o \ — scosl| I ! o ! !
I ‘ T SC09 -200  -100 100 200 100
= —20} sciof]
Q M sc11 o 50 |-
& ? 5C12 —100} I
<C SC13 N ok = _
—40}+ sc14H] £
SC15 ' o 5 50}
SC16 —200 | \
—60 resampled at 10QMS/s , , — scw —100 -
~1.0 —0.5 0.0 0.5 1.0 ~150L
Time (us)
20 20 17 14
10 10 13 10
0 0
-10 -10 12| 11
-20 -20 16 15
0 0 A=-32mvV
_ _ —40 | =-32mMV. 4 _40 |-
! ! _:g L1 _:g _s0 S|C1|6 L1 _s0 S|C1|7 ! ! — High gain
-0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 0.6 -0.6-0.4-0.2 0.0 0.2 0.4 0.6 -0.6-0.4-0.2 0.0 0.2 04 06| Low gain
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-0.6-0.4-0.2 0.0 0.2 04 0.6

10 T T T 10 T T T T 10 10
0 0 0 0
-10 | -0 | 4 -1w0 -10
-20 -20 |- -1 -20 -20
-30 | -30 | 4 -30 -30
-0 -SC07 -4 SC09 1 —40
| | _ Do _s O _s0 | | _

0
-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6

-0.6-0.4-0.2 0.0 0.2 0.4

0.6

-0.6-0.4-0.2 0.0 0.2 0.4 0.6

-0.6-0.4-0.2 0.0 0.2 04 0.6



Scintillateurs

e Les scintillateurs voient les orages

e |lIs ne voient que les éclairs pendant les périodes
orageuses

e Blinder les détecteurs pour avoir les particules ?
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