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I How it works -- In principle *‘(ITU

. . lect
= showers emit short, intense o r°”?

radio pulses

= Radiation due to geomagnetic
emission process e.g.
geosynchrotron

= Coherent emission at low
frequencies, e.g. 20-100 MHz

= Historically: fine analog
artwork
= impressive but bound to falil
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The LOPES Collaboration &(IT()

= Relations to LOFAR

= Novel technology

= 100% duty cycle

= Effective RFI
suppression

= Signal integrated over
shower evolution,
complementary to
particle and optical
detection

= High angular resolution
possible

= extremely large
arrays?
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LOPES @ KASCADE-Grande
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I How it works -- digitally
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LOPES -- current work

v distant events

v thunderstorm events
v'inclined showers

Y calibration
*LOPES30

Y polarisation

* self-trigger
Ymodelling
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I Distant events -- reconstructed with K-Grande %(IT()
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I Thunderstorm events gg (ITm

= atmospheric E-fields © 5/ . IJ[ | . -
>100 kV/m close to i _
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Inclined showers gg(IT()
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I LOPES30
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= array extended to 30 E S Lo =|
antennas with longer £ . e
baselines & - i
= better sensitivity o 3
= petter angular resolution '
= . - |
per-event measurement of S o
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I LOPES30
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Calibrations: instruments
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I Calibrations: antenna gains *‘(IT()
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Calibrations: both polarisations
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Calibrations: radio signal -- energy
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I Self-trigger
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I Modelling -- overview

= historical studies, Jelly 1965, Allan 1971++

= electron-positron pairs gyrate in Earth’s B-field: radio pulses

= coherent emission at tens of MHz

= 1 - analytical calculations
= 2 - REAS1 MC with parametrised air shower model
= 3 - REAS2 MC with CORSIKA air showers

= example: shower profile & radio pulse
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I Modelling -- energy estimation with radio %(IT()

18"'11 b ' LI LI | i T T T TITT]
275 m north (on ground) of core e

1e+10

|| IIIIIII
+
*
*
*
.!%
.
*
-
L
-

Nmax

1e+09

1 IIIIIII
*
.
-
-
-
*
*

¢ firon + 1070 eV

+ proton  x 1020 eV

+ gamma x 107" eV

1e+08 —— ]  ——

1000 10000 100000 1e+06
32 to 64 MHz amplitude at 275 m [uV m'1]

) l- Forschungszentrum Karlsruhe - : ' ita
| Johannes Blimer in der Helmholtz-Gemeinschaft Unwers“?t K?rlsruhe (TH)
I Forschungsuniversitét - gegrindet 1825



I Modelling -- lateral profiles, 6=60°
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I Modelling -- lateral profiles, 6=60°

warlsrghe Inshiute of Technoloc,

1 00000 | I I I I I |

gamma 1012 eV o
proton 1019 eV - :
iron 10 ~ eV

10000

32 to 64 MHz filtered amplitude [uV m'I]

1000 | I | | | | ]
0 100 200 300 400 500 600 700

distance from shower centre [m]

(1) The Cooperation of Forschungszentrum Karlsruhe GmbH Forschungszentrum Karlsruhe : Frich
| el s BN and Universitat Karlsruhe (TH) F in der Helmholtz-Gemeinschaft Universitét Karlsruhe (TH)

Forschungsuniversitét - gegrindet 1825



I Modelling -- Xmax estimation with radio %(IT()
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I Perspectives: promising AND a lot of work ahead
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