HE cosmic rays (ground-based)
experiments
in the MHz domain

Radio Simulations for Neutrino and Cosmic Ray Detectors, OSU, Feb 2012
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Radio detection: back to the 60s

Jodrell Bank 1964

Haverah Park 1968

B. Revenu, OSU Feb 2012 2



Radio detection: back to the 60s

® |962:Askaryan, theory, Cerenkov in radio, electric field from charge-excess
® |964-65: Kahn & Lerche, theory, geomagnetic contribution should be dominant
® |964-65:]elley et al, first experiments in the MHz range

® |968: unclear situation: coherence? incoherence!

P. R. Barker, 1968, Chacaltaya S. R. Vernov, 1968, Moscou
10° 107 10° 10° « Shower size N 102 |
0 O T SR
T b =3
24 - :
o ] E 10 |—
£ 3 I ©
0\ »
02 | - -
.
o | % F ' |
S 6 7
ox10® 2107  2x10%eV<Shower energy £, H b by

Ep/eV 5x10'®  5x10'7  5x10'®

B. Revenu, OSU Feb 2012 3



Radio detection: back to the 60s

20! ® “finally”, synthesis in1971 by Allan electric field
strength with axis distance:
10}
T E, R = =1
e Cy :201017 sin(at) cos(0) exp( Ro(v 6)) uV.m " .MHz
E gl OLVY,
T~
> . . :
£ ® |975: radio data interpretation not easy +
= 5l DAQ limitations = people prefer
conventional techniques, no more advances
1 in radio until ~2000
10 20 50 100 200

R [m]
B. Revenu, OSU Feb 2012 4



Radio detection since 2000

® 2000: re-investigation of radio in dense media (ice, salt) for neutrinos
detection (in sand, D. Saltzberg)

® 2000: setup on CASA-MIA and EAS-TOP: no detection

® 2003:first modern experiments CODALEMA (Nanc¢ay radio observatory,
France) & LOPES (Karlsruhe, Germany)

® since 2003: theoretical developments (microscopic, macroscopic descriptions)
leading to several simulation codes

® since 2006: new experiments, mainly in an autonomous mode

B. Revenu, OSU Feb 2012 5



Electric field

(description adopted in SELFAS)

1 - nGi(trer) 10 - 1Qi(tre) 10 - viGi(trer)
Etot($,t) N 471'60 { Z _R,?(]. — ,B,L-.n.i)_ ret +C (975 : _Rz(l — ,B,i.n.i)_ (32 8t : _R/z(]» — ,Bz'-ni)_ ret

i=1 ret 1=1

/ / \

Static field . - Current variation
Macroscopic charge variation
Summation of all individual Summation of all individual Summation of all individual
static contributions charges. CUITents
The e excess Systematic opposite drift of e-
implies a global charge variation and e+ in the magnetic field

Q(t)= o N(t)

Signal correlated to the complete shower development !

B. Revenu, OSU Feb 2012 6



(some) Modern radio experiments

e | OPES
o CODALEMA
e TREND
® Radio-detection in Argentina
® pre-AERA setups
® RAuger
e MAXIMA
o AERA
® EASIER
® the RASTA project

B. Revenu, OSU Feb 2012 7



The LOPES experiment

A ———

® triggered by the KASCADE experiments
® cnergy range 10'68-]1018 eV
® shower geometry from KASCADE

® interferometry mode (phased array)

® detailed characteristics also provided (Ne, Ny, ...)

® radio-noisy environment: low sampling frequency 80 MHz

B. Revenu, OSU Feb 2012 8
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The LOPES experiment

l. Amplitude calibration

v

>10°F
§uok
gt systematic error of

o

— antennas #11-10 (cluster 2)
—— antennas #21-30 (cluster 3)

o

— antennas # 1-10 (cluster 1) , o~ 20%

llllll

45 50 55 60 65 70 75

TV

1079077

AR ma i
wd

Power[Watt/Bin]
10"167107 b Y0 %07’
Power[Watt/Bin]

10719710"

| |
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The LOPES experiment

I1l. Time calibration

Use TV transmitter (LOPES|0) and beacon (LOPES30)
with the beacon, a time resolution of ~ | ns is acheived

—
o
o
T
o
&l

KASCADE-Array
A v:

o
-
O
Y
m
W
<4
B

ol IR A A W
Alw v

y coordinate [m]

Grande stations

N = - =
—lllllllllllxllllllllllllllllllllllllllll
-600 -500 -400 -300 -200 -100 O 100
x coordinate [m]

1V. Digital beam-forming

40 | ‘

-------------------------

N
o
LA AN A

From the shower geometry (KASCADE),
compute the expected arrival time in the antennas and
“synchronize radio data” (criteria: maximum correlation)
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Fieldstrength € [uV/m/MHz]
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4
..........................
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Horneffer, ICRC 2007

The LOPES experiment

log(Radio Pulse Height)
0.2 0.4 0.6 0.8

log(Radio Pulse Height)

8 8.5

1.8

1.6

Main LOPES results

2 3
T l

1
T

Normalized Pulse Height

| ) | L |

S0 100

|

0 0.2 0.4 0.6

Distance from Shower Axis [m] 1-cos(Geomagnetic Angle)

log(Primary Energy/GeV)

A=109+1.1
a B\’ B =1.16 % 0.02
cgew = A (1 4+ B — cosa) cos b exp 5 TIEEAT, 1V /m/MHz = 1.16 £ 0.
’ ’ RO — 202 + 64 111
Y = 0.94 = 0.03

B. Revenu, OSU Feb 2012
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Apel et al, APP 2010

The LOPES experiment

Main LOPES results

Electric field profile

~80% of the events have a good exponential profile
~20% of them are flat for antennas close to the shower axis

i €0 =14.74 + 0.71 pyV/m/MHz -
- R, =224.9 + 22.71 m
N _ k= -0.46+ 0.16 ) 3
ale L - S ] T
= = = .o —ak’ WH%
E E -;gw'
S 10 |- > |
E 20 F
2 o s e [
e | :
» 17 e ] 17
°  E =1.8410 eV T i +=4.4110 eV
o 0 =302.5° 2 = 82.5
- 0 =28.04" - = 31.1°
1 | - l 1 11 1 1 L 1 1 l A 1 1 l 4 1 1 I P 1 1 l L 1 1 l 0 1 1 l L 1 1 l A 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1 1
0 20 40 60 80 100 120 140 160 180 200 220 50 100
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Isar et al, ICRC 2009
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Main LOPES 30 Pol results

ratio (data)
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The LOPES experiment

|5 antennas measure the EVV polarization
|5 antennas measure the NS polarization
5 antennas measure both EW and NS

S—>N Direction

100

-100

W—>E Direction

data in good agreement
with v X B at first order
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The CODALEMA experiment

The site in Nangay is radio-quiet:
protected aera dedicated to radio-astronomy

Short Wav FM Rad
-30 """" :' """"""""""""""""""""""""""""""""""""" 1
-40 """"""""""""""""""""""""""""""""""""""" -

......................................

Power Spectral Density {dBmiHz2)

O 20 40 60 80 100 120
Frequency (MHZz)

\

High sampling frequency | GHz
Possible to use data up to ~ 250 MHz
use a particle detector to trigger the radio array

|5
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The CODALEMA

HEZ #‘

T T

E

H 11 H T
"-r'"'—-

Yl W sgintiilateur
; - T. Antenne polar.EO
4 T Antenne polaiNS™
- liu § ' Fﬁ 'S

P
L 1 l:* L

ALEMA @ Nahicay

|7

experiment

y . array of 21 EW antennas and 3 in NS,

step of 85 m, 2 arms of 600 m length
e DAM: 144 log-periodic antennas 80x80 m?

e array of |/ scintillators, step of 80 m,
300m x 300m : CODALEMA trigger

e energy threshold around 10'> eV (knee
region), full acceptance at 10'¢ eV

e MATACQ ADC: |2 bits, | Gs/s,2500
samples



The CODALEMA experiment (EW data)

Read radio data after a particle trigger:

Signaux seuls (choix=0) g : T Fenefre en temps Tag eventuel
Pas de filfre en fréquence (choix_fil=0) Run : 777 - Event : 823 S ) — -
Signaux décalés en temps (choix_deca=1) Z27-Dec-2006 23:34:52 W< du signal Prediction

| — !H*#WW% .....

Hst
)

sz
)

ns3
&)

hs4
)

WSS
&)

Wse
&)

Ws?
)
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The CODALEMA experiment (EW data)

Read radio data after a particle trigger:

Signaux seuls (choix=0) s : ~ Fenetre en temps Tag eventuel
Filtre (choix_fil=2) 2383 MHz Run : 777 - Event : 823

Signaus décalés en temps (choix_deca=1) 27-Dec-2006 23:34:52 ~ Maxdusignal  Prediction
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The CODALEMA experiment (EW data)
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Read radio data after a particle trigger:

Signaux seuls (choix=0) s : ~ Fenetre en temps Tag eventuel
Filtre (choix_fil=2) 2383 MHz Run : 777 - Event : 23

Signaus décalés en temps (choix_deca=1) 27-Dec-2006 23:34:52 ~ Maxdusignal  Prediction
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The CODALEMA experiment (EW data)

Two independent reconstructions:

(97 ¢7 t())scintillator and (97 ¢7 t())radio
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The CODALEMA experiment (EW data)

Two independent reconstructions:

(97 ¢7 t())scintillator and (97 ¢7 t())radio

Search for coincidences by comparison of arrival time and arrival direction

0t| < 100 nsPoQ) < 20°
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The CODALEMA experiment (EW data)

Two independent reconstructions:
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The CODALEMA experiment (EW data)

Two independent reconstructions:

Search for coincidences by comparison of arrival time and arrival direction

0t| < 100 nsPoQ) < 20°
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The CODALEMA experiment (EW data)

Two independent reconstructions:

Search for coincidences by comparison of arrival time and arrival direction

0t| < 100 nsPoQ) < 20°
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The CODALEMA experiment (EW data)

Two independent reconstructions:

Search for coincidences by comparison of arrival time and arrival direction

0t| < 100 nsPoQ) < 20°
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The CODALEMA experiment (EW-NS data)

Test with Monte-Carlo simulation:
draw N sets of p simulated events following the theoretical
skymap, p being the actual number of detected events in the
CODALEMA dataset and compute the angular distributions

N W S E N
80— JEL AL B L B B L LN LR BN B A A L L

data (EW
simu, not a fit!

number of events

0 100 200 300
azimuth (deg)
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The CODALEMA experiment (EW-NS data)

Test with Monte-Carlo simulation:

draw N sets of p simulated events following the theoretical
skymap, p being the actual number of detected events in the
CODALEMA dataset and compute the angular distributions

number of events

TTTTTTT [ ] ] L ] ] ) 1 L] 1 ] 1 1 1 1] ]

data (EW
simu, not a fit!

80 rrrrrrrrr | I
-

B. Revenu, OSU Feb 2012
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The CODALEMA experiment (EW-NS data)

Test with Monte-Carlo simulation:
draw N sets of p simulated events following the theoretical
skymap, p being the actual number of detected events in the
CODALEMA dataset and compute the angular distributions

N s 271 7

number of events

TTTTTTT

80 rrrrrrrrr | I
-

IIIIIIIII

data (EW)
simu, not a fit!

‘‘‘‘ (T_i X E)NSI
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The CODALEMA experiment (EW-NS data)

Test with Monte-Carlo simulation:
draw N sets of p simulated events following the theoretical
skymap, p being the actual number of detected events in the
CODALEMA dataset and compute the angular distributions

N W S E N
8o e e e e e . AR ERALERS LA EEAMALS AR EELARS LAY
: data (EW) : _ data (NS)
T simu, not a fit! | | j simu, not a fit!
5 . " i
n .
y — =
o § 10 ¢ =
é é -0—0 /\\_I\
2 = !

0 100 200 300

0 100 200 300 Azimuth (deg)

azimuth (deg)
B. Revenu, OSU Feb 2012 20



The CODALEMA experiment (EW-NS data)

Test with Monte-Carlo simulation:
draw N sets of p simulated events following the theoretical
skymap, p being the actual number of detected events in the
CODALEMA dataset and compute the angular distributions

N W S E N
8o R e ——— - RALEARSALE LALEESLELE LS AR Easary
: data (EW : - data (NS) q
T simu, not a fit! | | ; simu, not a fit! d
60| T 15 - ]

The geomagnetic origin of the electric field is well-established in both polarizations
NB: no asymetry at higher energies, this is a threshold effect

number of events
=

\
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The CODALEMA experiment (EW data)

correlation between the electric field and the primary energy

B 1D 1.31=0.05
EXV = (2.6 +0.3 nx B mV /m
PV = ( ) () 10 Blewl ( Thoy /
— 4-5: l
PRELIMINARY £ |
2 4.0 -
exponential profile assumed 3 3.55_ 1 . : il -
m ; s — ]
strong dependence on _’é 3.0F K % pz =
hypothesis on the errors T | Bl %-'_'
(systematic vs statistics and e 250 g P
correlation or not) £ |
E 2.0 =
events with a flat profile ® 15t . 1 , L
observed as in LOPES Je16 1el7 Jel7 1e18 Je18
Ep (eV)
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |

Secondary effect: the charge excess

A

N Nt N

- e
W # :—'Mzw - —im ']L'gw iﬁ%“ﬁkfr
A

Charge excess Geomagnetic Total
EW component EW component EW component
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |

: the charge excess

Secondary effect
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |

Secondary effect: the charge excess
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |
|) simulate N showers having the same arrival directions
than the data (N is the number of showers actually
with/ detected), all showers have the “particle” core in (0,0)
without . .
charee 2) compute the electric field at the same positions than the
; CODALEMA antennas
excess

3) estimate the radio core using an exponential profile

4) compare the “particle” core position - here (0,0) - and the
radio core position

B. Revenu, OSU Feb 2012



The CODALEMA experiment (EW data)

radio core positions in the reference frame of the particle shower core (simulation)

Marin, ICRC 201 |
100
SELFAS2
315 events
with charge excess| *+
S0t
..E... .
-—
=
Z 4
+
0 =
+
= +
=
7 4+
Applied to the
CODALEMA statistics
- 100
- 100 -50
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |

radio core positions in the reference frame of the particle shower core (simulation)

100
SELFAS2
315 events
with charge excess| *+
S0t
E
-—
5
z
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0 -
+
= +
=
3 | 4
Applied to the
CODALEMA statistics
- 100
- 100 -50
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |
100
SELFAS2
315 events
with charge excess
S0t
E
et
= |
=
7z,
+ -
0 +-
| + -
= +
=
R 4
+
~50}
Applied to the
| [CODALEMA statistics
- 100
- 100 -50

West
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The CODALEMA experiment (EW data)

Marin, [CRC 201 |
100 —— - [ EE————
SELFAS2 2 | | CODALEMA ¥ K &
315 events ‘ " | Experimental data g + + +
with charge excess { . 315 Events t. =
+
50} ~ 50}
E E
= + ‘ =
z « = |
z, + z
4
0 ~ 0
+ + ol ¢ L
s + « =
E E
75 i ‘ 7
+ 4
-50} 1 -50
+ * f
Applied to the ! : +
CODAL - - - %
e Strong evidence for the charge-excess contribution!
-100 100

(in revision for APP)
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The CODALEMA experiment (EW data)

Marin, ICRC 201 |

then quantify the shift in bins of n X B:

200 :
- — SELFAS2
| __ SELFAS2 +0 |
100 ® CODALEMA '
E 1/
- ’ 8 :
o e 3 LN 3
= 5 ' ! H
<] i ‘l i
~100] ST ey R
I \\\\ i l‘;
| 1
200 _— | 1 .
—-0.5 0.0 0.5 1.0
(n X B)gw
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Frequency [MHZzZ]

80
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The TREND experiment

use the infrastructures of the 21 CMA radio-
interferometer (electronics and DAQ)

autonomous EAS radiodetection
+ high energy neutrinos

21 CMA:
log-periodic
antennas
3 km x 4 km

LY
‘.T‘I&;»—m.u AP -

- T',’H’ Tor sy
[ ¥ P
[ ’,.,- +
""|J--

use some of them
for TREND

200 Ms/s
offline analysis
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The TREND experiment

North

Martineau-Huynh, ICGAC 201 |

2009: validation of the

A - concept with 6 log-periodic
y < antennas (250m x 100m),
East 270 | o0 west 25 candidates
N 100
A"
| | | bj | | 1000 (ﬁ 5280
180 T .-‘?'t?;:i\'?’»‘~~::r ‘:';;:: — § - 12740
South =
2010:array of |5 log-periodic coapes
antennas and 3 particle detectors B L oo
got |3 hybrid events (6 with more
than 4 antennas, reconstruction
OK with scintillators) "
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The TREND experiment

Martineau-Huynh, ICGAC 201 |

WETm]

B. Revenu, OSU Feb 2012

S-N[m]

201 |: extension to 50 butterfly antennas
from CODALEMA to reach 1.5 km?

EAS candidate: © = 63°, ¢ =7°,A =24l m
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MAXIMA
polarization

Radio detection in Argentina
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RAuger: self-trigger

Revenu, ICRC 201 |

3 autonomous radio stations
with an independent trigger

&

SD station
NG

A

radio

station

|40 m distance

Butterfly antenna (20-250 MHz),
in both EW and NS polarizations

analog trigger with threshold in 45-55 MHz
sampling frequency: | GHz (2.5 Ms)

(83.61 %)

126.29
105.24

o419 angular resolution = 0.5°

- 163.14 . . . . . o
intercalibration, polarization and lobe studies

42.10

21.05
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Revenu, ICRC 201 |
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RAuger: self-trigger

33



RAuger: self-trigger

1.0

Revenu, ICRC 201 |

0.8

0.6

data:
76% fromw

south

0.4

0.2

Moo
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-trigger

RAuger: self

Revenu, ICRC 201 | 1.0 77 \ 10
d i n X B:
ata: | expect

76% fromw 04 W 68% from
south south
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RAuger: self-trigger

Y5110

h

Revenu, ICRC 201 |

0.8
0.6 n X B:
data: \V.Y, W expect
76% from 0.4 68% from
south south
0.2
l 0.0 1
20 . T r—TT | T 12 [ T T I
| 10}
15  \ i
2. . L :
§ X § 81
@ i T I
S 10 S 6
g | g |
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1) B L T T .. S 0f
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RAuger: self-trigger

Revenu, ICRC 201 |

n X B:
data: \V.Y, expect
76% from 68% from
south south

20 '
o 15 B data v
& S 2 &
> | >
S 10f . mall [ S
2 | ] 2
= ; =
1 £ -
>t 5 —

Ob ."'.’ 2 1 2 2

0 20 40 60 80
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RAuger: self-trigger

+ Nancay
* Rauger

T. Gargon, PhD 2010

| | | | | | | |

6.5

v o Ly - v ™ 'y} N
w -+ ) o~
(g dweys + apueq) Aesuen ap suonIpuod saj suep aauawes wja 7 ua dweys

Ar ('3)oLbo]

1.5

17.5 18 18.5 19 19.5
log10(E;) eV

17

16.5
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MAXIMA: polarization

Revenu, ICRC 201 |

Antenna 2

LPDA, EWV and NS polarizations sampling frequency 400 MHz (10 ps),
data used between 40 and 70 MHz

triggered by a particle detector, 494 events in coincidence with SD,
37 signals selected (with S/N > 5)

=> study the polarization of the horizontal electric field

compare with expected hXB polarization
B. Revenu, OSU Feb 2012 35



MAXIMA: polarization
Revenu, ICRC 201 |

measured polar. angle: ¢(tz) — arctan( ( )/Q( ))/2
nXB polar.angle:  Pmag = arctan((f x B)ns/ (7 x B)gw)

°_100f * seomagnetic mechanism confirmed and
~ | dominant
sl { e search for secondary effect ? different
; o |TF polarization patterns !
- 2%
— 5"1.. ;0 q:. NA »
J H LY N
i i e @ " A
N w—jt“*‘ E W 3
-100'_.'["1 - 1 ‘ L L | 1 1 ' L | | J 1 ‘ el l ' nXB | Charge

S S

B. Revenu, OSU Feb 2012 mag 36 K.Werner and O. Scholten, Astropart. Phys. 29, 393 (2008)




MAXIMA: polarization

Revenu, ICRC 201 |

y’ Y=NS

in (X',y’), define:

by construction, R=0 if pure geomagnetic contribution
compare Rdata and Rsim

with simu = REAS3 and MGMR with and without

charge-excess contribution

REAS3: M. Ludwig, T. Huege, Astropart. Phys., in press, doi:10.1016/j.astropartphys.2010.10.012
MGMR: K. de Vries, O. Scholten, K.Werner, Nucl. Instr. Meth. A, in press (2010) doi:10.1016/j.nima.2010.10.127
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MAXIMA: polarization

Revenu, ICRC 201 |

REAS3 and MGMR with charge-excess contribution

0.4} 0.4}
@
0.2 0.2
< v
2 0.0 1 & oo} MGRM-
oy ! L REAS a'y |
—0.2F | O ‘,"‘ 1 14 - with —0.2}+ with _
| i charge ~ charge
0.4 | ] excess - —0.4r t 1 eXcess -
T -04 -02 00 0.2 0.4 T -04 -02 00 0.2 0.4
Rppas RyiaMr

X2/dof values nxB only nxB+charge excess

MGRM 6.08 2.53
REAS 6.28 2.64

Hint for the charge-excess mechanism at the PAO
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UTM 19 South, (E = 448375.63 m, N = 6113924.83 m) as offset

AERA

running since end of 2010
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* overlap Auger Infill, HEAT, AMIGA
* self-trigger
e external trigger: SD and FD



AERA

running since end of 2010

Schoorlemmer, ICTAPP 201 |

Antenna
* Log Periodic Dipole
Antenna.
e 30-80MHz

Electronics
* Filters
 Amplifiers
* Solar panels/batteries
e Digitizer
e Communication
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Schoorlemmer, ICTAPP 201 |

Entries

strong anthropic flux

,

y coordinate [Kkm|

10°  (mainly electric converters), 50 Hz
representing MOST of our triggers
improve local triger and central trigger
- s -.. - Spot West " . 10
12} '
B g : "4 AERA Phase |
. st Powerlne (mcl. position of poles)
10 = = Transformers El Sosneado
i Transformer
| . | | s .4 3 v Cothueco FD

32 -30 .28 .26 .24 .22 220
x coordinate [km|
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AERA

~ 50 showers radio-detected, coincidences with SD and FD
polarization analysis ongoing (geomagnetic effect observed)

~ 0.55 evts/day
Kelley, ICRC 201 | expected from simulations |-2 evts/day

lllllllll

Signal uV/m
L
3

o

4

2000‘:
t [na1 -

Figure 4: Calibrated radio pulse recorded for a 5.7 EeV

cosmic ray event. Both north-south (solid) and east-west
(dashed) polarizations are shown. The distance to the re-
constructed shower axis is 114 m.
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Schoorlemmer, ICTAPP 201 |

Geomagnetic effect dominant
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Hint for the charge-excess mechanism

B. Revenu, OSU Feb 2012
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EASIER: MHz at large distance (1.5 km)

he 15" EASIER MHz hexagon

Juan - 432 Luis - 4282, e

@ & =3
-—

Domo - 427 Vieira - 433 Ortequma\t"}a.]\_

Chape - 384 Popey - 385

uses the CODALEMA dipolar antenna (EVV polarization) and the ADC of the tank
(sampling at 40 MHz), radio counterpart of a particle signal (no self-trigger)

Antenna

Polarity
—p L NA F—¥» Filter —»Power Detectortr—»{Invertor——»{FADC
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EASIER: MHz at large distance (1.5 km)

; 3
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EASIER: MHz at large distance (1.5 km)

Geomagnetic effect is observed but strong lobe effect

do~ 100 m

L

peln S
+
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| TN ) ITI”II

.
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(no axis distance but distance to shower maximum)
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Distance to shower axis [m]

Plans for 2012: go for 50 equipped tanks with the CODALEMA butterfly antenna
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The RASTA experiment

IceCube Lab \ <" . . ___——lceTop Array
iR o O 81 detector stations

= | km?2

50m

IceCube Array

| / 86 strings including

1450 m—— 8 DeepCore strings
_ Eiffel Tower
324 m
2450 m
2820 m

B. Revenu, OSU Feb 2012

Additional detector to IceCube and IceTop
lceCube = high energy muons in ice
lceTop = surface detector of the shower
Radio detection of air showers

aim: improve the estimation of the shower
composition and improve the neutrino
sensitivity (better veto)

~ 1000 antennas centered on IceTop and
covering ~ 10 km?

range: 10'¢ eV - ankle

zenith angle up to 60°
LOPES-like: phased radio array

47



The RASTA experiment

DuVernois, ICRC 201 |

Antennas are in orthogonally polarized pairs

-------

Possible RASTA configuration

e ae-trench
x._. Y

: s § CA
;| radio B | :.';.E‘

data/power line

) e R W N I AskaryanRadioArray fat wire dipole 25-160 MHz
' AL A | (used for tagging EAS events)
L [ 2 T T g : S e
K G
-+ | e o, - o -y |DBTOD
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-~ N g ;Th -. S .*
~ | - e o
Pyt it ks

x o magnetic

north
* lceCube footprint
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Synthesis

Many advances since 2002: at first order E = n X B in both amplitude and polarization
(almost all experiments), in both hemispheres

Close to the shower axis: Cerenkov (higher frequencies: LOFAR,ANITA)

“LDF anomaly”: flat for antennas close to the shower axis; departure from an pure
exponential dependence with axis distance

The charge-excess mechanism is (almost) detected:
* signature in the polarization angle (AERA & MAXIMA setup)
* signature on the radio core positions (CODALEMA)

Signal depends on: angle to geomagnetic field, distance to shower axis, frequency band
and position of the detector wrt shower core

One of the most important point is the triggering algorithm (hardware/software) to
improve the detection efficiency

At this moment, we don’t know if a giant radio-array is promising or not

B. Revenu, OSU Feb 2012 49
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Power Spectral Density (dBmMH2)
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The CODALEMA experiment

dipolar active antenna
bandwidth 80 kHz-230 MHz
|.2 m length, |0 cm wide

| m above ground

LNA gain: 30 dB

quasi isotropic lobe



