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SELFAS Concept

= Dedicated to radio emission in the MHz range

Concept

= Autonomous code which doesn’t launch any full shower
simulation (CORSIKA, AIRES)

= Based on air shower universality

= Using relevant universal distributions :

-GIL Longitudinal profile or CONEX

-Energy distribution

-Vertical and horizontal momentum direction
-lateral distribution

-Delay time (shower front thickness)

= Generate only et and e of the shower front (3D)

= Track each e*/e™ along their trajectory to compute and sum up all
individual field contribution at any observation point
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Formalism, fielo q(t)}

“Concept Individual charge with a finite life time - %
I 2
‘Formalism t1 = start pointtime  t2 = end point time —
Charge density (p(',t)) =

e

Current density\ (J(z',t))

(Lore z gauge) -

1 S “, 1 0J , T — |
E(x,t) = 6O/al:z:dtR _ Vip Czat'dwté{ ( ; )}

Performing time and spatial integrations :
Exr)— { ng(fret) 10 [ nglte) 10 [ vqlte) }
ret

With Maxwell equations :

4mey | |R2(1—B.m)|.. cor |[R(1—B.n)|.. 2ot |R(1—PB.n)

ret
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Shower generation
"Concept At shower scale : summing up all contributions

sFormalism

Shower
generation

Summation of all ! ~ two orders of
, individual static | :
Coulombian contributions. « mamtude smaller

—
-

Charge excess Due to the ¢ in

CXCECSS

variation Q= N(t)

Systematic opposite drift of §
V . Transverse current o and o in the carth |

variation magnetic field.
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Concept

‘Formalism

Shower
generation

‘Some
results...

Some results... Vertical case
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Some results...

Concept

‘Formalism

Shower
generation

‘Some
results...

«Horizontal Focus on horizontal air showers

showers
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Preamble...
RGN  /\oapt SELFAS to the situation.. ...

Formalism |
Shower .... to prepare this workshop....
generation
Some U f
results... . se O roton
e Horizontal No Neutrino ez . P
showers iINnduced showers
AtmOSphere important for constant
: shower development oo
deﬂSIty & radio propagation p(SOOOm)

(GGround effects for horizontal showers ... ??

Antenna response with ground effects is needed
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1he set-up... Different layers

Concept | to map the shower radio
Formalism Proton induced shower emission in 3D

*Shower 1017 eV
generation 35200 antennas per layer,

‘Some 10 layers,
results...

e Horizontal
showers

the biggest SELFAS simulation of my life...

: 110 km |

Shower

L1 L T 1 T T T T T T T 1 h =250 m
11 T T T T T T T T T T T h =500 m
1 T T T T T T T T T T T T h=750m
L1 T T T T T T T T T T.T h =1000 m

L 1 T T T T T T T T T TT h =2000 m
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Concept

‘Formalism

Shower

generation

Some

results...
e Horizontal

showers
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Concept

‘Formalism

Shower
generation

Some
results...
e Horizontal
showers

JO km
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Concept

‘Formalism

Shower
generation

Some
results...
e Horizontal
showers
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Concept

24-80 MHz

‘Formalism
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Shower
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Concept

‘Formalism

Shower
generation

Some
results...
e Horizontal
showers
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SOme resu‘ts o Proton induced shower

1017 eV

Concept

i
=

‘Formalism

Full-Band §

Perpendicularly

Shower
generation

Some
results...
e Horizontal
showers
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SOme resu‘ts o Proton induced shower

1017 eV

Concept

Formalism . Perpendicularly 24-80 MHz

Shower
generation

Some
results...
e Horizontal
showers
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Concept ' '
250m"\‘ ﬁ‘l‘lokm
*Formalism 60 I
o L
generation : . 1T T T T T T T T T T T T T N =250m
-Some 50 - ) T T T TTTTTITTITIITI h=500m
results... | . '\ 1 T T T T T T T T T T T T Nn=750m
e Horizontal E u \ 1 T T T T T T T T T T T T n=1000 m
40 -
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Conclusion

Concept

-Formalism = The shower emits electric field in a strong narrow cone

'S’;‘;";V:r’ation = The radio detection could be done really far from the shower (>100 km,

Some may be 200 km) if detectors are located along the shower direction

results... (However caution with wave propagation... Not clear for the moment)
e Horizontal

; .
SHowers = Detectors located close to the shower are blind due to the « cone

Conclusion
effect ».

=107 eV showers seem to be « detectable » above Galactic BG
=108 gV, field ~ x10, so better detection.

= Caution with wave propagation and ground effects (conductivity,
permitivity dielectric...). Currently in progress in SELFAS.

= Proton shower but what about real neutrino showers?
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SFIFAS?2  Asymétrie est-ouest Conséquence de la
du signal radio : contribution exces de charge

Orientats hamn colan le macanisme
ast—west polarization
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Some data comparisons...
@ CODALEMA : décalage de coeur = signature de I'exces de charge

40—
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Some data comparisons...
@ CODALEMA : décalage de coeur = signature de I'exces de charge

Effet pour différentes directions d’arrivée

G'@G East—west polarization
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Some data comparisons...

*Concept @ CODALEMA : décalage de coeur = signature de I'exces de charge
*Formalism Effet pour différentes directions d’arrivee
Shower
generation
Some
results... East—west polarization
*Some data <O 200
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Some data comparisons...
*Concept @ CODALEMA : décalage de coeur = signature de I'exces de charge

*Formalism Effet pour différentes directions d’arrivée

Shower
generation

‘Some
results...

Some data

East—west polarization
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Some data comparisons...
*Concept @ CODALEMA : décalage de coeur = signature de I'exces de charge

*Formalism Effet pour différentes directions d’arrivée

Shower
generation

‘Some
results...

*Some data
comparisons

East—west polarization
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Some data comparisons...
*Concept @ CODALEMA : décalage de coeur = signature de I'exces de charge

*Formalism Effet pour différentes directions d’arrivée

Shower
generation

‘Some
results...

Some data
comparison:

SELFAS suggere que

le décalage de coeur
Ac dépend de

Sud West East [m]
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Some data comparisons...
@ CODALEMA : décalage de coeur = signature de I'exces de charge

Effet pour différentes directions d’arrivée

Arrival directions

105°

90 °

75°

4 6=40°

@=0°

North

South

my T

Eas

:

165° /7

oucst-est

4

cocur

[m]

West—east

c

A

200

— SELFAS2

| SELFAS2 +0
100}

~100}

—200!

kT _———"—_-N
-

—East [m]

West
C

A

05

(V X B)East—West

05

1.0

195° 1"

(V X B)East—west

Réunion EXTASIS -- Vincent Marin -- February 25 2014 — Nantes

7
' i — Expected value SELFAS
\ ?‘I&\ eoe + 1 g
60 1 .
. T
40 T N | : : -
e T 4ol |
.............. * 12T & ]
N I TR AL MR
...... : |’ : :' : . ! .
20 B L Teo, | I | 11 ' ;i 8 H -
| y T T I 1 9 -
1 L TTTeeaw] A I
. @ Events coming from * + . ] H.-‘:
north 0<¢$<180 ! 11 &
- B Events coming from | E | .
|
south 180<¢<360 - + !
0.2 03 04 0.5 0.6 0.7 08



Notre compréhension au fil des Hz et des années...

e o
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