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Radio detection of extensive air showers

TThe CODALENIA project

DUsmic ray Detection Array wi ogarithmic ElectrolViagnetic Antennas

The CODALEMA collaboration: 3 french institutes — 8 laboratories
SUBATECH Nantes (IN2P3, 2002)
Obs. de Paris-Meudon-Nancay (INSU, 2002)
LAL Orsay (IN2P3, 2004) - ESEO Angers (2004)
LPSC Grenoble (IN2P3, 2005)
LAOB Besangon (INSU, 2006) - LPCE Orléans (INSU, 2006)
+ support of the Lab. of Auger-France for the tests @ Auger-South

Objectives and perspectives:
» Cosmic Ray Physics @ E > 1016 eV
* Neutrino or Gamma showers
* Solar bursts, giant pulsar pulses, atmospheric effects

Phase 1 (2002 05): Enllghtenment of the method
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A multi-site experiment

Nancay @ 107 - some 1077 eV

16 dipoles
+ 13 particle detectors

Power +
electronic

Auger @ 10" - some 1018 eV

3 autonomous stations in phase 1
+ coincidences with SD

But also:
« ARAGAT (Armenia) in 2007
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Nancay (2006-2008)
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Auger (~ 2007)
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Theory: current

Tim Huege, Karlsruhe

e Monte-Carlo:
CORSIKA, AIRES models (LAL, LPSC)

 Macroscopic description (calorimetry) :

with simple laws = semi-analytical models ?
(SUBATECH, Obs. de Paris, O. Scholten (KVI))
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Présentateur
Commentaires de présentation
La différence réside dans une approche globale traitant la gerbe comme un tout ou dans une approche particule par particule où les sorties d’un Monte Carlo par exemple servent d’entrée à un code de calcul dédié.


Radiodetection performances
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Energy distribution and detection efficiency
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Next: autonomous station
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Next: steps towards a large array

¥ Pitch of antenna array

H Detection technic and analysis method will be
ready at end of 2008 for the construction of an
engineering array (some km?2)

‘ Phase 2 of Radio @ Auger South? (North?)
Europa: Nancay? LOFAR?

COOZIERIE.

11
Richard DALLIER Subot@,ch

IN2P3- 07/09/2007 For the CODALEMA collaboration



Human power and work plan

TOTAL ETP

2007 2008 2009 2010...
Phys./Ing./Tech./ Nancay 20+2 Ant. Nancay 20+20 Ant. & Engineering array 10X10
Post.-Doct./ Doct. & RAuger phase 1 end RAuger phase 1 Km?2 2100 Ant.?
@ CODALEMA 9/35/1.9 8/31/13 12?7/ 67/ 67
NANCAY 12/3 11? /372 12?372
@ CODALEMA 1.5/0.4/0.8 1.5/0.1/0.5
AUGER 10/ 10?/07
GOALS Radio-detection tests and settings Production & Construction of the
Conception of the autonomous stations engineering array
Resources and expenses
@ Nancay 2003-05: 120.5 k€ (AP IN2P3 + Pl astroparticules 2004)
2006-08: ANR 590 k€ (equip. 258.2, fonct. 331.8) (reste 1/3 pour 2008)
@ Auger 2006: pris sur ANR SUBATECH 2006 25 k€ + LPSC 10 k€ (reste 0)

2007: IN2P3 2007 15k€ + Fond propre SUBATECH 15 k€ (reste 0)

For 2008-10: Région Pays de Loire 380 k€ for the engineering array (Auger, Nangay?)

With referees

Publications
3 NIM; 1 Astro-Part. Phys




Organization chart

Tlechnic coordinator, Nancay: L. Denis, Nancay/INSU
Technic coordinator, Auger: R. Dallier, SUBATECH/IN2P3

+ each group head (7): collective decision structure

Work Packages

5 SUBATECH: Dipoles, FEE, trigger, telecom, embedded PC, analysis, theory
g LPSC: Particle detectors, acquisition, analysis, theory
— LAL: ADC, analysis, theory
» LAOB: Timing electronics
Z LPCE: Atmospheric physics

Obs. Paris-Nancgay: DAM, Nancgay infrastructures, RF filters,

ethernet, data transmission, analysis, theory

Private engineer school ESEO: Signal processing

+ Support ofl Auger-Erance labs for tests @ Auger

COOZIERIE.
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Conclusion
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LOPES 10:

Results with KASCADE-

Grande
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Présentateur
Commentaires de présentation
La somme des signaux est effectuée sur les spectres en fréquence des signaux rephasés, puis la valeur moyenne du spectre est considérée et le signal ramené dans l’espace des champs électriques pour tracer ces distributions.


UHECR studies
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Some numbers

D under operation since Decemi

» 170 effective days of data taking
613 transient radio waveforms reconstructed

141 EAS radio-detected

0.8 events / day
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Geomagnetic effect
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Effect on radio efficiency
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Effect with the energy
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Effect with the energy
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Summary of main resuits

CODALEMA radiordetections efficiency increases with energy

Evidence for a Geomagnetic effect
radio-detection deficit close to the Geomagnetic field direction

| effect on the radio-detection efficiency around 10'7eV

[ constraint on the emission process

Detection of all polarization = Ongoing effort

At the present time, we do not see clear correlation between the
cosmic ray Energy and the measured electric field

COOZIERIE
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