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➡ Dedicated to radio emission in the MHz range

!
➡ 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 e+ 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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•Concept

•Formalism

Formalism, field 
Individual charge with a finite life time

q(t)

t1 t2 t⎧
	

⎨
	

⎩t1 = start point time t2 = end point time ⎧

	

⎨
	

⎩

Charge density

Current density

With Maxwell equations  :               (Lorentz gauge)

Performing time and spatial integrations : 

126 CHAPITRE 3. NOUVEL OUTIL DE SIMULATION RADIO : SELFAS

où les dérivées ���⇥ et ⌥
⌥t ⇥ doivent être considérées au temps retardé. De manière générale le ⇥ signifie

que la variable ou l’opérateur s’applique à la source (instant retardé) ; en revanche, les variables non
marquées de ce symbole correspondent à l’observateur. Comme définie précédemment avec la Fig.3.7, R
correspond à la distance source-observateur. Un traitement particulier doit être réalisé dans le but de les
faire sortir des crochets "temps retardé" ([ ]ret). Dans l’annexe B.1.2 on montre que :
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L’Eq.3.16 peut ainsi s’écrire :
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En utilisant le fait que :
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(voir annexe B.1.2 pour obtenir la justification) avec nnn définie plus haut (voir Fig.3.7). On peut finalement
exprimer le champ électrique de la façon suivante :
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qui est connue comme la généralisation de Jefimenko de la loi de Coulomb. L’idée est maintenant d’ex-
primer cette formule dans le cas d’une source ponctuelle avec un temps de vie fini (comme nous l’avons
fait précédemment pour obtenir les expressions des potentiels de Liénard-Wiechert dans le cas d’une
source ponctuelle avec un temps de vie fini, Eq.3.11). Les expressions de la charge et du courant sont :

⌃(xxx⇥, t ⇥) = q[⇧(t ⇥ � t1)�⇧(t ⇥ � t2)]⇥3(xxx⇥ � xxx0(t ⇥)) (3.21)

JJJ(xxx⇥, t ⇥) = ⌃(xxx⇥, t ⇥)vvv(t ⇥) (3.22)

avec xxx0(t ⇥) la position et vvv(t ⇥) la vitesse de la source à l’instant retardé. En injectant l’Eq.3.21 et l’Eq.3.22
dans l’Eq.3.20 et utilisant le fait que R ne dépende pas explicitement de t nous effectuons les intégrations
temporelle et spatiale (voir annexe B.2.2 pour plus de détails). Nous obtenons finalement :
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avec

q(tret) = q[⇧(tret � t1
ret)�⇧(tret � t2

ret)] (3.24)

Le champ électrique émis par une particule en mouvement est finalement la somme de trois contri-
butions. La première est une contribution type champ coulombien directement liée au potentiel scalaire.
Elle apparaît par le simple fait que la particule existe dans l’espace. Le second terme, qui est probable-
ment le terme le moins évident à deviner lorsque l’on regarde l’équation de Maxwell du champ électrique
Eq.3.8, provient de la transformation du gradient appliqué au potentiel scalaire. Le lien entre t et xxx⇥ par
l’expression t ⇥ = t� |xxx�xxx⇥|/c implique l’apparition d’un terme supplémentaire lors de la transformation
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≈ two orders of 
magnitude smaller 

e+
e-

Q(t)

i(t)=αN(t)

Summation of all  
individual static 
contributions. 

global 
Coulombian 

Due to the e- in 
excess 

Q(t)= α N(t) 

Charge excess 
variation

At shower scale : summing up all contributions

Dominant, except for showers 
parallel to the geomag. field 

Transverse current 
variation

Systematic opposite drift of 
e- and e+ in the earth 

magnetic field.
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FIGURE 1. East-west component of the electric field seen by
antenna located at different distances from the air shower axis. The
dotted lines correspond to the case of an air refractive index fixed
to unity (n = 1), the solid lines to the realistic case (n = n(h)). The
distance from the shower axis increases from left to right in the plot.

FIGURE 2. Frequency spectra of pulses shown in Fig.1 (same
legend). The distance from the shower axis increases from top to
bottom.

when d decreases. By analogy with a point-like source
moving faster than the speed of light in a medium, the
non-monotonic lateral distribution shown in Fig.3 can be
considered as an equivalent of the well know "Cerenkov
ring" that we can observe in Fig.4. However, for the case
of a charge distribution (as it is the case for the shower
front) the "ring" observed here is a mix of various effects:

• field enhancement when the observation angle
approach q Cer

i (see previous section), which is
summed up for particles of various energies and
directions (due to angular dispersion);

• time compression of the signal due to the air refrac-
tive index effect on the field propagation (see [17]
for instance), which increases the high frequencies
amplitude, particularly when the observer is close to
the Cerenkov angle, as is shown in Fig.1 and Fig.2.
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FIGURE 3. Lateral distribution of the absolute field strength of
the pulses amplitude, observed for antenna located at the north of the
ground shower core. The dotted lines correspond to the case of an air
refractive index fixe to unity (n = 1), the full line to the realistic case
(n = n(h)).

FIGURE 4. Ground footprint of the east-west polarized radio sig-
nal deposited by the air shower (obtained using the maximum of the
signal amplitude in the full band).

The air refractive index effect on the radio signal, fre-
quently called "Cerenkov effect", is not trivial and should
not be compared directly to the classical "Cerenkov radi-
ation". Additionally to the "ring structure" of the radio-
signal profile at ground, the east-west asymmetry of the
radio signal due to the interference between the trans-
verse current contribution and the charge excess contri-
bution (see [7, 8, 9, 14] for more details), implies a com-
plex structure of the radio signal observed at ground as
we can see in Fig.4. This shows that caution must be
taken with 1-dimensional profiles with azimuthal invari-
ance, which are frequently used for experimental studies.

The characterization of the "ring effect" could be of
a great interest because its diameter is directly linked
to the geometry of the air shower and to the distance
between the source and the observer. Assuming that the
depth of the maximum of the radio emission is different
for a shower initiated by a proton from that initiated by
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moving faster than the speed of light in a medium, the
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moving faster than the speed of light in a medium, the
non-monotonic lateral distribution shown in Fig.3 can be
considered as an equivalent of the well know "Cerenkov
ring" that we can observe in Fig.4. However, for the case
of a charge distribution (as it is the case for the shower
front) the "ring" observed here is a mix of various effects:
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approach q Cer
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summed up for particles of various energies and
directions (due to angular dispersion);
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tive index effect on the field propagation (see [17]
for instance), which increases the high frequencies
amplitude, particularly when the observer is close to
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The air refractive index effect on the radio signal, fre-
quently called "Cerenkov effect", is not trivial and should
not be compared directly to the classical "Cerenkov radi-
ation". Additionally to the "ring structure" of the radio-
signal profile at ground, the east-west asymmetry of the
radio signal due to the interference between the trans-
verse current contribution and the charge excess contri-
bution (see [7, 8, 9, 14] for more details), implies a com-
plex structure of the radio signal observed at ground as
we can see in Fig.4. This shows that caution must be
taken with 1-dimensional profiles with azimuthal invari-
ance, which are frequently used for experimental studies.

The characterization of the "ring effect" could be of
a great interest because its diameter is directly linked
to the geometry of the air shower and to the distance
between the source and the observer. Assuming that the
depth of the maximum of the radio emission is different
for a shower initiated by a proton from that initiated by
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Adapt SELFAS to the situation…..
…. to prepare this workshop….  

No Neutrino Use of proton 
induced showers

Atmosphere 
density

constant
ρ(3000m)

important for 
shower development 
& radio propagation 

Ground effects for horizontal showers … ??  
Antenna response with ground effects is needed 

•Horizontal 
showers

•Conclusion
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Mountain

110 km
Shower

Different layers!
to map the shower radio !

emission in 3D 
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h = 500 m
h = 250 m

h = 1000 m

h = 2000 m

h = 3000 m

h = 750 m

Proton induced shower!
1017 eV

•Horizontal 
showers

•Conclusion

35200 antennas per layer,!
10 layers,!

the biggest SELFAS simulation of my life…!
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Conclusion 
➡ The shower emits electric field in a strong narrow cone 


!

➡ The radio detection could be done really far from the shower (>100 km, 
may be 200 km) if detectors are located along the shower direction  

(However caution with wave propagation… Not clear for the moment)

!

➡ Detectors located close to the shower are blind due to the « cone 
effect ».  

!

➡1017 eV showers seem to be « detectable » above Galactic BG

➡1018 eV, 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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Excès de charge 
orientation du champ TotalCourant transverse 

orientation du champ

EO Polar
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Some data comparisons…
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@ CODALEMA : décalage de coeur = signature de l’excès de charge 
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Some data comparisons…

Effet pour différentes directions d’arrivée
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∆coeur
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Some data comparisons…
@ CODALEMA : décalage de coeur = signature de l’excès de charge 
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Notre compréhension au fil des Hz et des années…
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