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The development of the radiodetection

1962: Article of Askaryan
1964 First experiment (Weekes et al.) + emission mechanism (Jelley et al.)
Early 70: Method neglected (problems of interpretation + success of other

techniques) (review of Allan)

End 90: Revival for detection in dense materials (neutrinos in ice, salt, sand)
+ proof of principle with accelerator (Saltzberg et al.)
+ detection attempt of EAS @ CASA-MIA (Green et al)
+ P. W. Gorham

In 2002: Experiment LOPES @ KASCADE => Frequency analysis
Experiment CODALEMA @ Nancay => Waveform analysis
H. Falcke et al., Nature, May 19, 2005, P. Lautridou et al. NIM A555, 2005

Prospectives from 2006: AERA @ PAO, TREND @ 21CMA (neutrinos), + balloon,
ice - In 2007 mechanism of molecular bremstralung: MIDAS, EASIER, AMBERS...

=> More than 14 experiments underway around world...

=>NMulti-sites, multi-antennas, multi=-analysis,
multi-Messengers




Models

Since 2002, a temporal + frequency approach for modelisations &
detection + Trigger considerations

*Monte-Carlo: microscopic approaches
Spectrum analysis in frequency space Charge excess e-le ﬁ\ pole
. P s gm L
REAS3: Corsica shower model + geosynchrotron Géomagnétic effect @
ReAIRES: Géomagnétic effect F=qVxB *l‘
=> dipole |« :

*Semi-analytical: macroscopic approaches

Waveform analysis in time space => geo-Synchrotron | |\  hv
MGMR: Simple description of showers
+ Transverse + Dipole currents
SELFAS2 : geosynchrotron

+ Several toy models: test of specific points

* Charge excess, Coulomb boost emission, Air index,
* Cerenkov, Wire model, Compton Inverse model, etc. \l/

L] Toward a convergence of the theoritical predictions
L] But some experimental results not fully described 3



Signal features firmly established

Field amplitude: from pV/m to mV/m

Models: Results

REAS3 vertical, 10" eV, Argentina B-field, 1400 m a.s.l.

Transient duration: from ns to s
Frequency spectrum: broad band

emission from MHz to few hundred MHz

Shape : longitudinal development

Arrival time

REAS3 vertical, 10" eV, Argentina B-field, 7400 m a.s.l.
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Method: transient recognition
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Transient signal in noise: from sensor, RFl, broadcasting, galactic signal etc.

Analog or digital bandpass filtering :
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A shower event in E-W pol. @ E~10'7° eV (23-130 Ml-lz) CODALEMA
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Method: calibration

Recurrence of 23h56
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noise density, dBmvHz
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Method: toward full

signal deconvolution
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Results: detection efficiency
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Full efficiency reached @108 eV with E-W polarization

[J Expected improvements (x10) using the detection of the full states
of polarisation + better antenna lobes + better SNR

[ Detection threshold mainly attributed to the mechanism of emission
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E-W polarization

Results: emission mechanism

=>Detection at threshold
correlated to arrival direction

=>GEOMAGNETIC EFFECT

CODALEMA toy-model &
AIRES calculations:
Field Strength ~ |VxB|.,,

*Corresponding pattern observed in N-S polarization
*Corresponding pattern observed at AUGER (opposite geomagnetic field direction)
*Pulse polarity consistent with the model in both polarizations E-W and N-S

Model

Data

)

E-W polarization
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! - Interpretation of the lateral field distribution
By -1 with the ALLAN formula:
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= 25
E 1 => After fit: E, D, core position
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Primary composition

(currently under investigation)

60
% Following the REAS3 model:
40
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Robustness of the method
From 2008 various points raised by LOPES & CODALEMA
=> High complementarity

Environment effect

* Near environments on the antennas (electrical conductors): < 10%
* Stormy conditions: duty cycle > 80%
* Frequency BW: 24-82 MHz well determined
Impacts on the observables (at low SNR)
. Versus Signal/Noise: flattens D, by < 10%, Increase E, by < 5%
Frequency window: D, E; < few %
* Time calibration: accuracy < 1 ns => using beacon
- Passband filters dispersion: D, E, < 5%
« Sampling frequency: >> 10 * frequency BW
* Absolute fied strengh : < 35 % using beacon

Conception and test of Autonomous stations

13



Evolution of the

sensor concepts Self-Contained
from Zmz o z .‘ Radio Station (2008) |

2 polar.
figaie ~ 65 MHz
Length = 3.22m

Height = 1.40m
3KE/station

Active Short

Fat Dipole (2006)
length =1.21m
Height = 1m
50E/Antenn

Log-Spiral Antenna (2005)
Circular polarization

Log periodic (2009)

Diameter = 5m 2 polar.
Heigh = 6m Diam = 6m
Heigh = 6m

Digital trigger

LOPES 3D (2009)
Thin dip. 3 polar.

LOPES 2D (2005) [ 1 m2

V shape dip. 2 polar. \w \
Diameter = 2m
Heigh = 1.5m 3
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The CODALEM
First | i :

O == ' 2 \
stand-alone o A .,

operational
detector

Based on

dedicated

LNA
Bw: 80kHz - 200MHz

Input noise: < 1nV/VHz
(30MHz - 200MHz)
Max input dyn.: 24mVp-p
C,, =9pF
Consumption : a2 W

zzzzz —_—

Floor 10 |

2 polarization
states

A stand-alone station

*‘Waveform 14 bits, 1GS/s, 2.5 us

*GPS timing resolution: <5 ns

*Trigger: @ galactic threshold

*Acq. rate: 25 evt/s

*Local Memory (1 day of run)
*pre-processing (including higher trigger
level)

*Transactions based on intermittent
exchanges of data (every hours, day...)
*External triggercapacities

+ Open solutions for

*Quter world: WiFi (@ PAO), GSM, 3G,
Ethernet (enbedded mini-switch
@Nancay),...

*Power: Solar (@ AUGER), Wind, 220V
(enbedded 220-12V transformer @
Nancay )...

Consumption: 20 W

15



CODALEMA 3 : concept of multi-scale array

h“’.. - ¥
)\!!1 s
h‘nrﬂ"*u—*n“'—"*u‘*ﬂ'rﬂ""n“ﬁ'r—“'n-ﬂ—u-r—-—'n -

o O

A

0>
100.0'm&0q1

0, 7 z

O Bbtation aiﬁonome
QAntenne CODALEMA 2

]
-
|

:

L

|
O ~ 0

2
L

f

& 2010 Tele Atlas

Image © ZCITCI IGN Franceéw

" N 2°11:32.78" E elév. CI m




161 Radio Detector Stations

Dense Core
2@150m
; * Triplet

Dense Core is currently
beeing deployed!
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Molecular Bremsstralhung

Geo-Magnetic-Radiation Model
Electrons+Positrons O(10MeV)
Coherent emission ~ 1-100 MHz

_ | Imager
Radio Pulse Pover = MIDAS — AMBER
. Y (AUGER)
e s
oC E Primary A"O ------
t~20 ns )

Thermal E wrons: O(eV)
Collision with air molecules

Radio Emission:
GHz frequency range
Isotropic in all directions

Molecular Bremsstrahlung

GHz Power detector
EASIER
(AUGER)




radio vs. opticol

Coscode {photons m-2) ot 100m,

Radiodetection « a la HESS » @ 102 eV ?
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radio; 1-5 CHz, Tm=300K

optical: 300-800 nm

Optical
regime

rf noise

(Lossless medium assumed)

Radiotelescope with beamforming
( < mn of arc @ RT de Nancay)

Detection of the radio C transient
Trigger et waveform analysis
High duty cycle *

regime Recognition of hadronic
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Current design for radiodetection studies not suitable for giant arrays (10000 km2)

Toward a second generation of stations:
fully based on mainstream technologies

Consumpt.<2.5 W (5V*0.5A)
WIFI/3G...
Processing
Storage > 16Go
Cost<200E

[ All in radiator head

i ADC
%+ Trigger
¥ + GPS dating

Power source: 10W
(12V)

Surface 40*25cm
Cost <60E

ost objective < 800 E/station
Consumption <5 W
Mecanics < 10 kg

. = = . 21
no civil engineering



Epilogue

=>Analysis and detection methods are in stage of stabilization and
have entered in a phase of detalled studies (see also LOPES
results)

=>EAS radio detection |s not far 1

m being ready for intensive
use... >

i)
: B
_Hp >
=>The crippling handlcap of the 6§§ is lifted. ..
t
t

Thank you forjfour attention
l:' ]
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LOPES 10: Results with KASCADE-6Grande

uncertainties by radio signal fitonly
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Average Counting Rate at Nancay (Hz)
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Trigger capability & Transient background

2004 : Trigger rate in 33-65 band
with 1 antenna (@ Nancay
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From CODALEMA results to the simulations
codes for detection setups

=> overall pammeteriza‘rion
E —pXB  |B]
10'7 | eV )" |BI.1B| 47 [uT

/

=cosf

for hlstorlcal reasons. Need
statistics @ high zenith
angle to refine.

zixé;j |V Im

. Av [MHz.

|.exp

LI Applied to radio-detection networks (CODALEMA,
AERA..))

Effects of array pitch, shape, magnetic field, altitude,
detection threshold, acceptance, multiplicity, bandwidth,
polarisation... %



A large band FE ampl.

Design independant (as possible) from
the antenna in ASIC based on

* High input inpedance

* Differential Output

Preamplifier transfer function : Vout / Vin

L
i

e
v

B Bw: 80kHz(limited by the output

Magnitude, dB
o

—_
(=]
o

transformer) to > 200MHz 20 /
B Preamp.input noise: Less than o 10° 10° 107 10°
1nV/VHz from 30MHz to 200MHz o L )
0 " 3
B Max input dyn. : 24mVp-p o' T
u Cin = gpF -;f ° Rt
[
T

B Consumption: %2 W

7

N
[=]
-0

10° 10
frequency, Hz

10 10

=> New planned developments: more optimized @ low frequency + in AMS
BiCMOS 0.8 micron + adjustable gain from 48 to 55 dB
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Waveform captures..

*Least distorded waveform,

T *Allows frequency studies
Fr ”‘"“*m\ walvefor *High time _and _arrlplltude resolytlons
. - gm,f“ ) ,;-.rz-;;g;,%?;qq{m,_wf,f Apparent simplicity of electronics
Toorst I A~V *but... High data flux & power
P N consumption, Technologic traps...
0.005- 0 s w0 10 20 280
0 r Fréquence (MHz)
-D.DOS;— s
-0.01; ~ ”’u
*Low power
o *Allows
Bandpass Low-pass dating
(high order) (few MHz) * but...no
| frequency !

S I R S U B I
-200 00 0 100 200 300
1[n:

Can be

also a *Perfectly mastered

trigger‘ (Eigrr]]dgrzsesr) *Irreductible data
technics ! flux (1 word/evt !)

*High integration
*Cheaper technology

filtré
V2(t)
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