COsmic ray Detection Array with Logarithmic ElectrolViagnetic Antennas

The CODALEMA collaboration:
3 french institutes — 8 laboratories
SUBATECH Nantes (IN2P3, 2002)
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1962: Theoretical prediction - Askar'yan effect
1964-65: First experiment - T.C. Weekes

Mid 70’s: Abandoned (difficulties of interpretation and
detection + success of other techniques)

End 90’s: Re-investigated in dense media (ice, salt) = nevutrinos




Recombination of positrons in the atmosphere A 10 EeV Extensive Air Shower (EAS)

Negative charge excess (~10% @ 1020%V):
monopolar emission

+ Cerenkov emission (on axis)

Separation of charges due to the geomagnetic field

12km

100 billion particles at sea level

photons, electrons (99%), muons (1%)
s Ground Array stations
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* To get the shower direction

 To find the energy of the
incident particle

 To know its nature
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* Trigger capabilities
2002 (1 ant. + narrow band)

 Shower direction: triangulation

2003 (several ant. + time tagging)

2005 * Field topology: extent & core location

> N6 (several ant. + field distribution on the ground)

* Primary particle energy : « total
charge « electric field

g Vv
200 (amplitude of the signal)

* Nature : loangitudinal profile, X, .,
(shape of the signal)
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* Trigger capabilities
2002 (1 ant. + narrow band)

2005 * Field topology: extent & core location

N (several ant. + field distribution on the ground)

* Primary particle energy : « total
charge o« electric field

200 = (amplitude of the signal)
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DAM: (Decametric Array) of the
Radio Observatory of Nancay

 Spiral log-periodic ant., 1(10)-120 MHz
(6dB), 90° lobe, circular polarization
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1 Trigger Antenna
Voltage threshold on a
devoted filtered antenna
(33-65 MHz) i "'-"ﬂ'h';'ﬂ'{p _______ L |"'|';'N'%

1 distant antenna (1 km)
@ 10-100 MHz
+ 4 broad band antennas

Tiffienés)s)

@
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 Shower direction: triangulation
(several ant. + time tagging)

2005 * Field topology: extent & core location

N (several ant. + field distribution on the ground)

* Primary particle energy : « total
charge o« electric field

200 = (amplitude of the signal)
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i Z7 ~27 | Principle of the
i -7 2 triangulation

At least 3 tagged antennas

* Using the time difference
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Noise level (V?)
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Measured voltage (mV)

number of events

@
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Number of events

04 05 0.6 0.7 0.8

Time evolution of the mean
ground floor
compared to

Goutelas 07/06/07

Distributions of the ground
floor signal in the 40-70 MHz
band after cross calibration of
the antennas gains

+ data _
— simulation

10
Local Sideral Time (h)



* Primary particle energy : « total
charge o« electric field

200 = (amplitude of the signal)
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Vertical shower @ small impact
parameter

Following H. R. Allan (1971)
Signal simulation:

epk~150 IJVIm
FWHM duration ~ 8 ns

~ 107 charges

\
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DAM: (Decametric Array) of the

Radio Observatory of Nancay . Particle detector

e FILTERED IN 24-82 MHz
« Waveform 8 bits, 500 MS/s, 10 us

TRIGGER: 4 s Photomultipliers

scintillators

Scintillator




East

Reconstruction of the particle . o~
pancake arrival direction 1725 R R R R N

Active area: 7000 m?2 bt .............. — .............. ....... »;""4'24';*"4:; ..... et ......... ............ |

# :
a.}“{rt* .............. e N
ol .* " o : :

Counting rate: 0.7 evt/min

¢
;A
sy
w
A ry
) o
North

Ve ¢~+N’* *
P38, : +

@

Richard DALLIER ubatec

Goutelas 07/06/07 For the CODALEMA collaboration




Coincidence rate: 1 Antenna + Trigger =1 event/ 1 h
3 Antennas + Trigger =1 event/ 2 h (~200 evts)

Sharp peak (< 100ns) "Antennas” time - "Particles” time

1 event / Day
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Variable antenna multiplicity (limited array)
Field amplitudes from 250 uV/m to 1.2 mV/m in 40 - 70 MHz

The entire shower development is
seen by every antenna
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Falcke et al., Nature, May 2005
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If the maximum of the electric field is measured on 1 of the sampling axis:
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Trigger Counting _ _
(not corrected from solid angles) Radio / Trigger Acceptance

5000 . . . . . . 0.02

4500 — 0-018_ ............. IIII .............. II ....... -
i Y I A SR N N

| P I S WU WU N——

IN |

scint
o
o o
c b
-t Mo
[

|

radio

Number of event
A
tn
bl
=

42 0008 - .............. i
| R SRR N U OO ) O O B

N P, P— SO S O S

_ 0.002 - - _|_ .

. i i ' 0 et
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Zenith angle (deg.) Zenith angle {deg.)

Richard DALLIER
Goutelas 07/06/07 For the CODALEMA collaboration




Very long range detection
e lllumination cone

« Amplitude + arrival time 0.6 |

e Detection of v ?
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shower profiles
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JL ald TOPOoIoAV: exte & COore 1ocatic

N (several ant. + field distribution on the ground)
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Vertical shower (charge
excess OﬂlY) Eim) Charge Excess = 10 %

ol b=05km

amplitude = energy R
duration = impact parameter
shape = primary nature
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Enlarge Frequency Band: from filtered Log-Periodic(24-82 MHz)
= Broad Band Dipoles (0.2-100 MHz)

France Inter (162

1 / kHz), filtered
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Extraction via Linear Predictive Coeficients
(Adaptative optimal filtering)
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A dedicated LNA(ASI
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Evt by evt energy calibration < 1013 eV before end of 2008

AR v AL QO P R o
1 '&\’ A ,

Setup of a 1 km? engineering
array for a future giant
radio-detector
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Autonomous dipoles:

* Trigger,
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Outer shower
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JU 214a TOPOoIodV. exte X core locatic

(several ant. + field distribution on the ground)
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Geosynchrotron effect Effect of a variation of the
(emission of real photons) potential due to charge

excess (virtual photons)
* Analytical models

(Tr;IHueg_e, T c_'—"OUISSt?t) . adatati «  Analytical model (N. Meyer)
umerical simuiations. adaptation = “Longitudinal” polarization

of Corsika & Aires
= Transverse (EW/NS) polarization
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(via the global features of the EAS)
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(very preliminary)

E, . dy? spectrum (a.u.) E,2 . dy?/ sin2 (y) spectrum (a.u.)
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Reésultats « confidentiels »... Diapo
supprimee.
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RAuger: Radio @ Auger
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To mimic the problematics of a large
array of autonomous antennas

To deliver useful information on radio
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B Tests of single detector performances

Antennas, Front End electronics , noise level,
trigger rate, trigger level, dead time, time tagging

¥ Tests of autonomy

Power, data transmission
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¥ Full band waveform @ > 1018 eV

Short & long distance observation, pulse shape
recovery

® Detection In coincidence with Auger

Shower direction and datation with radio signals,
shower parameters from Auger
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3 autonomous, self triggered antennas
¥ Independent power
¥ Independent trigger
¥ Digitization system
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NORTH /N To CLF (~ 900 m)

139 m 139 m

To Mage (866 m) To Celeste (866 m)

Appolinario

)

To Tania (866 m)
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WiFi antenna
(towards CLF) Solar panel




Splitter 2

Unified Board

-
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Splitter 1 Filter Trigger "
%0 GPS time
F R 1 CPU —| tagging
B ; Ext. TRG A |
Serial link |
FB : Full Band 1-100 MHz Mbeul}}z:v

Radio modem link
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* Installed in December 2006

* Problems of noise and electromagnetic
compatibility (shielding) = didn’t work
perfectly but greatly improved our knowledge
on autonomous radio detection

* Problems fixed up in May 2007 = takes
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A1 EW broadband - Event 124
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A1 EW broadband - Event 29
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ATNS r331e401 - Event 1
0.2 ; l ! ! | !

A1EW r351ed0l - Event 1

Lightning precursor ?

A1MS r3531ed02 - Event 1

A1EW r351ed02 - Event 1
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