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Shower



➡ Dedicated to radio emission in the MHz range

➡ Create an autonomous code which doesn’t launch 
any full shower simulation (CORSIKA, AIRES)

➡ Based on air shower universality

➡ Using relevant universal distributions : 
-GIL Longitudinal profile
-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

Lafebre et al 
AP, 31(3):243–254 2009⎧

⎨
⎩Greisen, Iljina, Linsley in Proc. of 27th ICRC
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Vertical event 

•Field at 
shower scale
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• Realistic air 
refractive index

•Conclusion
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Individual charge with 
a finite life time

q(t)

t1 t2 t⎧ ⎨ ⎩

t1 = start point time
t2 = end point time

With Maxwell equations  :               (Lorenz gauge)

⎧⎨⎩
Charge density

Current density
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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 :

�
∇∇∇�ρ

�
ret

= ∇∇∇� [ρ]
ret
− nnn

c

�
∂ρ
∂t �

�

ret

. (3.17)

L’Eq.3.16 peut ainsi s’écrire :
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En utilisant le fait que :

Z
d3x�
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(3.19)

(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 :

ρ(xxx�, t �) = q[θ(t � − t1)−θ(t � − t2)]δ3(xxx� − xxx0(t �)) (3.21)

JJJ(xxx�, t �) = ρ(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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1
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��
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(3.23)

avec

q(tret) = q[θ(tret − t1

ret)−θ(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

Performing time and spatial integrations : 

•Concept
•Formalism,

electric field

• 1017 eV
Vertical event 

•Field at 
shower scale

In SELFAS2 previous version :
Refractive index fixed to unity => No Cerenkov effects

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion

• SELFAS2 at
CODALEMA



•Concept
•Formalism,

electric field

• 1017 eV
Vertical event 

Ouest

Sud

e+
e-

16

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

Transverse 
current

variation

Systematic opposite 
drift of e- and e+ in the 
earth magnetic field.

At shower scale : summing up all contributions

≈ two orders of 
magnitude smaller 

Dominant, except for showers 
parallel to the geomag. field 

•Field at 
shower scale

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion

• SELFAS2 at
CODALEMA
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Example of a 1017 eV proton 
at Auger

East-west asymmetry
due to the charge-excess contribution

•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 

DOI : 10.1016/j.astropartphys.2012.03.007

SELFAS2 at
Astroparticle Physics

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion

• SELFAS2 at
CODALEMA



•Concept
•Formalism,

electric field

•Field at 
shower scale

• SELFAS2 at
CODALEMA

Comparison with data

SELFAS2 
(with air refractive index = 1)

• 1017 eV
Vertical event 

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion



Density skymap of detected events in EW polarization
for CODALEMA site 
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•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 
• SELFAS2 at
CODALEMA

First SELFAS2 cross check with data :
The arrival direction dependence

More than 1 thousand events simulated around 1017 eV
with SELFAS2, for various arrival directions

With events seen by 
CODALEMA-II

Predicted by 
SELFAS2

Predicted by 
vxB toy model

From CODALEMA 2009
A-P. 31, 3 (2009) 192-200.

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion



•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 
• SELFAS2 at
CODALEMA

Second SELFAS2 cross check with data :
Radio core shift as charge excess signature
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Reconstructed radio cores in shower core frames

CODALEMA
Experimental data

315 Events
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Reconstructed radio cores in shower core frames

SELFAS2
315 events

with charge excess

Applied to the
CODALEMA statistics
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• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion



•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 
• SELFAS2 at
CODALEMA

Second SELFAS2 cross check with data :
Radio core shift as charge excess signature

�

�
�
�

�

� �

�

�

� �

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�

��

�

� �

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�
�
�

�

�

��

�

�

�

�

�

�

�� �

�

�

�

�

�

� �
�
�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�

�

�

�

�

�
�

�

�

��

�

�

�

�

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�
�

�

�

�

� �

�

�

�

�

�

��

�

�

��
�

�

�
�

� �
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�

�

�

�

� �

��
�

��

� �

�

�

�

�
�

�

�

�

�
�

�

�

�

�

�

�

�

�

��

�

�
�

�

�

�

�

�
��

�

�

�

�
�

�

�

�

� �

�

�

�

�

��

�

�

�

�

�
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
�

�

�

�
�

�

�

�

�100 �50 0 50 100�100

�50

0

50

100

West East �m�

So
ut
h

N
or
th
�m�

Reconstructed radio cores in shower core frames

CODALEMA
Experimental data

315 Events
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Reconstructed radio cores in shower core frames

SELFAS2
315 events

with charge excess

Applied to the
CODALEMA statistics
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•Marin ICRC 2011
•Currently under review Astroparticle Physics

• SELFAS2 at
RAuger1
• Realistic air 
refractive index

•Conclusion



•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 
• SELFAS2 at
CODALEMA

Third SELFAS2 cross check with data :
Direct comparison with a three-fold RAuger1 event 

deconvoluted from antenna response

• SELFAS2 at
RAuger1

Filtered-band 40-80 MHz

SELFAS2
40-80MHz

x3

SELFAS2
40-80MHz

x3

SELFAS2
40-80MHz

x3

+ Data + Data + Data

Scaling factor of 3??
➡Dependence to first interaction length

➡Number of particles predicted by simulation underestimated

➡Air refractive index not included in SELFAS2... 
(but can’t explain a factor of 3 in 40-80MHz region as we will see) 

163 m 80 m 180 m

• Realistic air 
refractive index

•Conclusion



•Concept
•Formalism,

electric field

•Field at 
shower scale
• 1017 eV
Vertical event 
• SELFAS2 at
CODALEMA

Third SELFAS2 cross check with data :
Direct comparison with a three-fold RAuger1 event 

deconvoluted from antenna response

• SELFAS2 at
RAuger1

Filtered-band 40-80 MHz

SELFAS2
40-80MHz

x3

SELFAS2
40-80MHz

x3

SELFAS2
40-80MHz

x3

+ Data + Data + Data

Scaling factor of 3??
➡Dependence to first interaction length

➡Number of particles predicted by simulation underestimated

➡Air refractive index not included in SELFAS2... 
(but can’t explain a factor of 3 in 40-80MHz region as we will see) 

163 m 80 m 180 m

First interaction dependence 

SELFAS2
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➡ SELFAS is an autonomous Monte-Carlo simulation code based on universality

➡ SELFAS doesn’t need EAS generator. The geometry only is needed.

➡ Microscopic radio-emission approach permits to take into consideration the 
complete air shower geometry (shower front thickness, lateral distribution)
 
➡ Typical computation time, recent mac book pro, 107 particles

- one event, one antenna ≈ 13 min

SELFAS2 at Astroparticle Physics DOI : 10.1016/j.astropartphys.2012.03.007

➡ Comparison with data give promising results:
- interpretation of the radio core shift in the CODALEMA data
Marin ICRC 2011 and currently under review in Astroparticle Physics 
- reproduction of the CODALEMA skymap events
- good agreement on the individual deconvoluted events 

➡ But difference between predicted amplitude and data are not fully understood yet 

➡ Realistic air refractive index is now implemented in SELFAS2
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https://sites.google.com/site/selfascode

Tanks for attention....

Available freely at :

https://sites.google.com/site/selfascode/
https://sites.google.com/site/selfascode/

