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The The CODALEMA collaboration: 3 french institutes CODALEMA collaboration: 3 french institutes ––
 

8 8 laboratorieslaboratories
SUBATECH Nantes (IN2P3, 2002) SUBATECH Nantes (IN2P3, 2002) 

ObsObs. de . de ParisParis--MeudonMeudon--NanNanççay ay (INSU, 2002)(INSU, 2002)
LAL Orsay (IN2P3, 2004) LAL Orsay (IN2P3, 2004) --

 

ESEO Angers (2004)  ESEO Angers (2004)  
LPSC Grenoble (IN2P3, 2005) LPSC Grenoble (IN2P3, 2005) 

LAOB BesanLAOB Besanççon (INSU, 2006) on (INSU, 2006) --
 

LPCE OrlLPCE Orlééans (INSU, 2006)ans (INSU, 2006)
+ support of  + support of  the Labthe Lab. of . of AugerAuger--France France for for the the tests @ tests @ AugerAuger--SouthSouth

COCOsmicsmic
 

ray ray DDetectionetection
 

AArrayrray
 

withwith
 

LLogarithmicogarithmic
 

EElectrolectroMMagneticagnetic
 

AAntennasntennas

Radio Radio detectiondetection
 

ofof
 

extensive air extensive air showersshowers

TheThe  CODALEMACODALEMA  projectproject

Objectives and perspectives:Objectives and perspectives:
••

 

Cosmic Ray Physics @ E > 10Cosmic Ray Physics @ E > 101616

 

eVeV
••

 

Neutrino or Gamma showersNeutrino or Gamma showers
••

 

Solar bursts, giant pulsar pulses, atmospheric effectsSolar bursts, giant pulsar pulses, atmospheric effects

Phase 1 (2002Phase 1 (2002--05):05):
 

EnlightenmentEnlightenment
 

of of thethe
 

methodmethod
 Phase 2: (2006Phase 2: (2006--08):08):

 

EnergyEnergy
 

calibration calibration fromfrom
 

10101616

 

to 10to 101818

 

eVeV
 NEXT PHASE (2009NEXT PHASE (2009……):):

 

SettingSetting
 

on a on a giantgiant
 

detectordetector
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NançayNançay
 

@ 10@ 101616
 

--
 

somesome
 

10101717
 

eVeV
16 16 dipolesdipoles

+ 13 + 13 particleparticle
 

detectorsdetectors

Nançay Nançay dipoledipole

CablesCables

A A multimulti--sitesite
 experimentexperiment

WiFiWiFi Power +Power +
electronicselectronics

DipolesDipoles

AugerAuger
 

@ 10@ 101717
 

--
 

somesome
 

10101818
 

eVeV
3 3 autonomousautonomous

 
stations in phase 1stations in phase 1

+ + coincidencescoincidences
 

withwith
 

SDSD

But But alsoalso::
••

 
ARAGAT (Armenia) in 2007ARAGAT (Armenia) in 2007

••
 

YangBaJingYangBaJing
 

(Tibet) in 2008??(Tibet) in 2008??
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••
••
••
••
••
••

•••••• •• •• •• ••
••
••••••

•• •• ••
••

••••
••••
••

••

AutonomousAutonomous
 

dipolesdipoles::
TriggerTrigger
Data Data takingtaking (ADC MATACQ 12 (ADC MATACQ 12 

bits, Full bits, Full BandwidthBandwidth 00--250 MHz)250 MHz)
Time Time taggingtagging
Data transmissionData transmission
Power Power supplysupply

Current setup
•13 Scintillators(trigger)
•14 Dipoles + DAM

• • ••

• • ••

••2007 (autonomous dipoles)2007 (autonomous dipoles)

•
• • •

• • •
•

• •
•

• • • • •
•

• • • •
•

•

••2008 (autonomous dipoles)2008 (autonomous dipoles)

NanNanççay (2006ay (2006--2008)2008)

AtAt
 

endend
 

ofof
 

thethe
 

ANR (2008)ANR (2008)
SetupSetup

 
ofof

 
a 1 kma 1 km22

 
engineeringengineering

arrayarray
 

for a future for a future giantgiant
radioradio--detectordetector

StatusStatus: : data data takingtaking
 

for for energyenergy
 

calibrationcalibration
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RadiodetectionRadiodetection
 

tests @ > 10tests @ > 101818
 

eVeV
 

in in coincidencecoincidence
 

withwith
 

AugerAuger
3 3 autonomousautonomous, , selfself--triggeredtriggered broadbroad bandband dipolesdipoles

OffOff--lineline coincidencescoincidences withwith SDSD

ElectricElectric fieldfield extension extension 

EnergyEnergy calibration @10calibration @101818 eVeV

In Acquisition In Acquisition sincesince
 

Nov. 2006Nov. 2006

AugerAuger
 ((~~  2007)2007)

CLFCLF
 

@ @ 
900900

 
mm
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TheoryTheory: : currentcurrent

••
 

MacroscopicMacroscopic
 

description (description (calorimetrycalorimetry))
 

::
withwith

 
simple simple lawslaws

 
⇒⇒

 
semisemi--analyticalanalytical

 
models ?models ?

(SUBATECH, Obs. de Paris, O. (SUBATECH, Obs. de Paris, O. ScholtenScholten
 

(KVI))(KVI))

••
 

MonteMonte--Carlo:Carlo:
CORSIKA, AIRES models CORSIKA, AIRES models (LAL, LPSC) (LAL, LPSC) 

••
 

MicroscopicMicroscopic
 

geosynchrotrongeosynchrotron::
TimTim

 
HuegeHuege, Karlsruhe, Karlsruhe

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.
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Direction reconstruction Direction reconstruction 

SolarSolar
 

flareflare
 

in active in active regionregion
 AR10720 on 2005  Jan. 15 AR10720 on 2005  Jan. 15 

WithWith
 

GalacticGalactic
 

background background 
radio signalradio signal

AngularAngular
 

ResolutionResolution
σσ

 
= 0.74 = 0.74 °°

RadiodetectionRadiodetection
 performancesperformances

Field calibrationField calibration
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Shower core reconstructionShower core reconstruction
with radiowith radio

Far Far TransientTransient

EASEAS

Electric Field topology to Electric Field topology to 
identify EAS showersidentify EAS showers

Radio spreading: exp(Radio spreading: exp(--d/dd/d00

 

))
dd00

 

~200 m @ 10~200 m @ 101717eVeV

Shower arrival Shower arrival 
directionsdirections

MagMag. Field. Field

Qualitatively Qualitatively 
compatible with theory compatible with theory 
(Allan, 1971)(Allan, 1971)
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(Histogram not(Histogram not
 

correctedcorrected
 

for the acceptance)for the acceptance)

Scintillators

Scintillators

RadioRadioN
um

be
ro

fe
nt

rie
s

EnergyEnergy
 

distribution distribution andand
 

detectiondetection
 

efficiencyefficiency

••
 

FactorFactor
 

~~2: 2: only Eastonly East--West West polarisationpolarisation
 

of the electric fieldof the electric field
••

 
FactorFactor

 
~~2: 2: geomagneticgeomagnetic

 
effecteffect

 
⇒⇒

 
~~½½

 
skysky

C
O

D
A

LE
M

A
 E

ffi
ci

en
cy

SignificantSignificant
 thresholdthreshold

 
::

E > 5.10E > 5.1016 16 eVeV

Ravel, ICRC 2007 Ravel, ICRC 2007 
BellBelléétoiletoile, HEP 2007, HEP 2007
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Constant directivity

Dipole
 

antenna
 in aluminium 

LowLow
 

Noise Amplifier Noise Amplifier 
(ASIC)(ASIC)

 
designeddesigned

 
atat

 SUBATECHSUBATECH

Full Bandwidth
 

(0-250 MHz)

NextNext: : autonomousautonomous
 stationstation
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ADC MATACQ ADC MATACQ --
 

IN2P3IN2P3

Gmax=2

Filtrage
supplementaire

24-82MHz

SeuilLien SPI

Comparateur rapide

-

Carte mezzanine

Gmax=2

Filtrage
supplementaire

24-82MHz

SeuilLien SPI

Comparateur rapide

-

Carte mezzanine

Gmax=2

Filtrage
supplementaire

24-82MHz

SeuilLien SPI

Comparateur rapide

-

Carte mezzanine

Memorisation

Micro

GPS

Matacq

RAZ

OU

RJ45

RJ45

Vers Antennes

Vers Matacq

+

+

+Trigger Trigger boardboard
 

--
 

IN2P3IN2P3

Timing Timing boardboard
 

--
 

INSUINSU

CommsComms
 

--
 

INSUINSU
Commercial Commercial 

embeddedembedded
 

PC PC 
boardboard

Versatile solutionsVersatile solutions
OuterOuter

 
worldworld: : WiFiWiFi, GSM, , GSM, ethernetethernet……

PowerPower: : SolarSolar, , WindWind, 220V, 220V……
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EnergyEnergy calibration calibration 
Pitch of Pitch of antennaantenna arrayarray
DetectionDetection technictechnic andand analysisanalysis methodmethod willwill bebe
readyready atat endend of 2008 for of 2008 for thethe construction of an construction of an 
engineering engineering arrayarray ((somesome kmkm22))

NextNext: : stepssteps
 towardstowards

 a large a large arrayarray

Phase 2 of RadioPhase 2 of Radio
 

@@
 

AugerAuger
 

SouthSouth? (? (NorthNorth?)?)

Europa: NanEuropa: Nanççay? LOFAR? ay? LOFAR? 
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refereesreferees
 

3 NIM, 1 3 NIM, 1 AstroAstro--PartPart. . PhysPhys
WithWith

 
ConfConf. . ComityComity

 
21 21 proceedingsproceedings..

TOTAL ETPTOTAL ETP
Phys.Phys.//IngIng../Tech./Tech./ / 
Post.Post.--DoctDoct../ Doct./ Doct.

20072007
NanNanççay 20+2 ay 20+2 AntAnt. . 
& & RAugerRAuger phase 1phase 1

20082008
NanNanççay 20+20 ay 20+20 AntAnt. & . & 
endend RAugerRAuger phase 1phase 1

20092009
Engineering Engineering arrayarray

 

10X10 10X10 
KmKm2 2 ?100 ?100 AntAnt.?.?

20102010……

@ CODALEMA @ CODALEMA 
NANCAYNANCAY

9 / 9 / 3.5 3.5 / / 1.91.9
/ 2/ 2

 

/ 3/ 3
8 / 8 / 3.1 3.1 //

 

1.31.3
/ 1?/ 1?

 

/ 3?/ 3?
12?/ 12?/ 6? 6? //

 

6?6?
/ 2?/ 2?

 

/ 3?/ 3?
……..

@ CODALEMA @ CODALEMA 
AUGERAUGER

1.5 / 1.5 / 0.4 0.4 / / 0.80.8
/ 0/ 0

 

/ 1/ 1
1.5 / 1.5 / 0.1 0.1 //

 

0.50.5
/ 0?/ 0?

 

/ 0?/ 0?

GOALSGOALS RadioRadio--detectiondetection

 

tests tests andand

 

settingssettings
Conception Conception ofof

 

thethe

 

autonomousautonomous

 

stationsstations
Production & Construction Production & Construction ofof

 

thethe

 
engineering engineering arrayarray

HumanHuman
 

powerpower
 

andand
 

workwork
 

planplan

ResourcesResources
 

andand
 

expensesexpenses
@ Nan@ Nanççayay

 
20032003--05: 05: 120.5 k120.5 k€€

 

(AP IN2P3 + PI (AP IN2P3 + PI astroparticulesastroparticules
 

2004)2004)
20062006--08: ANR 08: ANR 590 k590 k€€

 

((equipequip. 258.2,  . 258.2,  fonctfonct. 331.8) (reste 1/3 pour 2008). 331.8) (reste 1/3 pour 2008)
@ @ AugerAuger

 
2006: pris sur ANR SUBATECH 2006 2006: pris sur ANR SUBATECH 2006 25 k25 k€€

 

+ LPSC + LPSC 10 k10 k€€
 

(reste 0)(reste 0)
2007: IN2P3 2007 2007: IN2P3 2007 15k15k€€

 

+ Fond propre SUBATECH + Fond propre SUBATECH 15 k15 k€€
 

(reste 0)(reste 0)

For 2008For 2008--10:10:
 

RRéégion Pays de Loire gion Pays de Loire 380 k380 k€€
 

for for thethe
 

engineering engineering arrayarray
 

((AugerAuger, Nan, Nanççay?)ay?)

PublicationsPublications
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codalemacodalema+ Support+ Support
 

of of AugerAuger--FranceFrance
 

labslabs
 

for tests @ for tests @ AugerAuger

P.I.P.I., , scientificscientific
 

coordinatorcoordinator::
 
P. P. LautridouLautridou, SUBATECH/IN2P3, SUBATECH/IN2P3

TechnicTechnic
 

coordinatorcoordinator, Nançay:, Nançay:
 

L. Denis, Nançay/INSU L. Denis, Nançay/INSU 
TechnicTechnic

 
coordinatorcoordinator, , AugerAuger::

 
R. R. DallierDallier, SUBATECH/IN2P3 , SUBATECH/IN2P3 

++
 

eacheach
 

group group headhead
 

(7): (7): collective collective decisiondecision
 

structurestructure

OrganizationOrganization
 

chartchart

WorkWork
 

PackagesPackages

IN
2P

3
IN

2P
3 SUBATECH:SUBATECH:

 
DipolesDipoles, FEE, trigger, , FEE, trigger, telecomtelecom, , embeddedembedded

 
PC, PC, analysisanalysis, , theorytheory

LPSC:LPSC:
 

ParticleParticle
 

detectorsdetectors, acquisition, , acquisition, analysisanalysis, , theorytheory
LAL:LAL:

 
ADC, ADC, analysisanalysis, , theorytheory

IN
SU

IN
SU LAOB:LAOB:

 
Timing Timing electronicselectronics

LPCE:LPCE:
 

AtmosphericAtmospheric
 

physicsphysics
Obs. Obs. ParisParis--NançayNançay::

 
DAM, Nançay infrastructures, RF DAM, Nançay infrastructures, RF filtersfilters,,
ethernetethernet, data transmission, , data transmission, analysisanalysis, , theorytheory

PrivatePrivate
 

engineerengineer
 

schoolschool
 

ESEO:ESEO:
 

Signal Signal processingprocessing
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ConclusionConclusion

GOAL:GOAL:
 

to to keepkeep
 

ourour
 

scientificscientific
 

andand
 

technictechnic
 

polepole
 

positionposition
•• by by beingbeing

 
thethe

 
firstfirst

 
to to buildbuild

 
andand

 
exploit a kmexploit a km22

 
engineering engineering arrayarray

•• based on our developed technologybased on our developed technology
•• to to bebe

 
leader in leader in thethe

 
construction construction ofof

 
a a furtherfurther

 
giantgiant

 
antennaantenna

 
arrayarray

Shower arrival directionsShower arrival directions

MagMag. Field . Field 
directiondirectionThe

 
South

 
deficit

2009:2009:
 

choicechoice
 

ofof
 

radioradio--detectordetector
 

andand
 

methodmethod
 

for an engineering for an engineering 
arrayarray

 
((~20~20

 
kmkm22

 
?)?)



IN2P3- 07/09/2007
Richard DALLIER

For the CODALEMA collaboration

15

codalemacodalema



IN2P3- 07/09/2007
Richard DALLIER

For the CODALEMA collaboration

16

codalemacodalema

LOPES 10: LOPES 10: ResultsResults
 

withwith
 

KASCADEKASCADE--
 GrandeGrande

CorrelationCorrelation
 

ofof
 

thethe
 

radio pulse radio pulse 
heightheight

 
withwith

 
thethe

 
meanmean

 
distance distance 

ofof
 

thethe
 

showershower
 

axisaxis

CorrelationCorrelation
 

ofof
 

thethe
 

radio pulse radio pulse 
heightheight

 
withwith

 
thethe

 
primaryprimary

 
energyenergy

 
ofof

 thethe
 

showershower

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.
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ProblematicProblematic
 

ofof
 ORIGINEORIGINE

&&
NATURENATURE

ofof
 

thethe
 

cosmiccosmic
 

raysrays

GZK cutoff
 

?

UHECR UHECR studiesstudies

Complementary
 

to hybrid
 

techniques
Fluorescence, surface particles detectors

RadioRadio--detectiondetection::
 longitudinal longitudinal 

developmentdevelopment, , 
macroscopicmacroscopic

 observables, long observables, long 
range range detectiondetection, , 
highhigh

 
acceptanceacceptance, , 

inclinedinclined
 

showersshowers, , 
cheap, cheap, highhigh

 
dutyduty

 cycle…cycle…
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•• 170 effective days of data taking170 effective days of data taking

•• 613 transient radio waveforms reconstructed 613 transient radio waveforms reconstructed 

•• 141 EAS radio141 EAS radio--detecteddetected

0.8 events / day0.8 events / day

•• 43 Internal shower (energy known)43 Internal shower (energy known)

New setup  under operation since December 2006New setup  under operation since December 2006

SomeSome
 numbersnumbers
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Arrival direction of Arrival direction of 
radioradio--detected detected 

showersshowers
Antenna data

Explicit deficit in Explicit deficit in 
the South the South 
directiondirection

Geomagnetic field
θ

 
= 27 °, φ

 
=180°

Few events near Few events near 
geomagnetic field geomagnetic field 

vectorvector

GeomagneticGeomagnetic
 effecteffect

For For unknownunknown
 

energyenergy
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EffectEffect
 on radio on radio efficiencyefficiency

Ratio radioRatio radio--particlesparticles
as a function of as a function of αα

No event for No event for αα
 below 15°below 15°

Qualitatively Qualitatively 
compatible with theory compatible with theory 

(Allan, 1971)(Allan, 1971)

Rising function of Rising function of 
αα

For For unknownunknown
 

energyenergy
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Showers from South Showers from South 
werewere

more energeticmore energetic

43 internal showers 43 internal showers 

Energy known Energy known 

for «for «
 

internal internal 
showersshowers

 
»»

(CIC method, precision 30 %) (CIC method, precision 30 %) 

Log E > 17.5

17.3  < Log E < 17.5
17.1  < Log E < 17.3 
16.9  < Log E < 17.1 

Geomagnetic field
θ

 
= 27 °, φ

 
=180°

EffectEffect
 withwith

 thethe
 energyenergy
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Deficit of low energy Deficit of low energy 
event for small event for small αα

Energy as a Energy as a 
function of function of αα

EffectEffect
 withwith

 thethe
 energyenergy

Low counting rate for Low counting rate for 
small small αα

Evidence for a geomagnetic effect Evidence for a geomagnetic effect 
in the radio emission processin the radio emission process
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Evidence for a Geomagnetic effectEvidence for a Geomagnetic effect
radioradio--detection deficit close to the Geomagnetic field directiondetection deficit close to the Geomagnetic field direction

constraint on the emission process  constraint on the emission process  

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

effect on the radioeffect on the radio--detection efficiency around 10detection efficiency around 101717eVeV

Larger autonomous antennas array (in 2008 @ Larger autonomous antennas array (in 2008 @ NançayNançay))

Detection of all polarization Detection of all polarization Ongoing effortOngoing effort

CODALEMA radio detection efficiency increases with energyCODALEMA radio detection efficiency increases with energy

SummarySummary
 ofof

 main main resultsresults
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