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Abstract: The antenna field of LOPES uses inverted V-shaped dipoleaassto measure radio signals
originating from extensive air showers (EAS). The LOPESan&s are measuring in coincidence with
the air shower experiment KASCADE-Grande. For roughly oearydata in the frequency range from
40-80 MHz were taken, having 30 linearly polarized anterorénted to East-West. In this data set the
East-West polarization only was measured in order to ify&& in detail the lateral extension of the radio
emission. By using an external source all antennas havesahugd amplitude calibration, i.e. a frequency
dependent correction factor allows to reconstruct thetitefteld strength of the radio emission. For first
analyses, in particlular air showers with a high signahtise ratio, data are used to investigate the lateral
distribution, which shows an exponential decrease.

Introduction radio detection of air showers [2] and the theory
geosynchrotron radiation [3] as dominant emiss
The LOPES experiment was set up at the site of process in the frequency range below a few hi

KASCADE-Grande [1] to confirm the principle of ~dred Megahertz. The KASCADE-Grande expe
ment is measuring EAS in the energy rarigeé*—
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o

10'8 eV. LOPES and KASCADE-Grande experi-
ment are measuring in coincidence the radio emis-
sion of EAS, implemented by an external trigger-
ing for LOPES. The LOPES experiment uses in-
verted vee-shaped dipole antennas. For the detec-:
tion of radio signals from 40 to 80 MHz was cho-
sen in order to avoid most of the radio frequency
interference (RFI) being present at the location.

In a first construction phase (LOPES10), 10 anten-
nas were taking a sufficiently large data set for de- y oo
tailed investigations [2] of the relation between de- 45 50 55 60 65 70 75
. . . frequency [MHZ]

tected radio pulses and air shower reconstruction _ o
parameters, provided by KASCADE-Grande. Figure 1: The frequency dependent amplificati
In a next construction phase (LOPES30), the num- factors for all 30 antennas obtained by the amj
ber of antennas and the baseline were increasedtde calibration.

In addition an absolute amplitude calibration was

performed to reconstruct the electric field strength The earlier LOPES10 hardware can be dist
at each individual antenna. For both phases only guished (antennas 1-10) by their band pass re
the East-West polarization direction was measured. (43—-76 MHz) from the other 20 antennas (4

Meanwhile in a third phase dual polarization mea- 74 MHz). The calibration results in a spread f

amplification factor V
3
I

—— antennas # 1-10 (cluster 1)
—— antennas #11-10 (cluster 2)
—— antennas #21-30 (cluster 3)

=)

all LOPES30 antennas

surements are performed. the amplification factors of nearly one order
magnitude. This large spread illustrates the n
Calibration for an absolute calibration and is corrected for

the analysis software. The uncertainty of the ¢
ibration method can be estimated from repea
measurement campaigns for a single antenna u
all kinds of conditions, including the precision «

The amplitude calibration uses a reference source
(VSQ) of known electric field strength at a certain
distance. . Each I._OFfES_SO radio antenna is cali- achieving the same geometry in all measureme
brated at its Ioce_ltlon |_nS|d_e th_e KASCADE-Array It results in an uncertainty of approximately 25
and therefore th_|s calibration mclude_s gll environ- ¢ vhe power related amplification factof, aver-
mental effects, like ground characteristics, temper-
ature effects, or setup systematics. The power to
be received from the radio antenna in calibration
mode is compared with the power recorded in the Radio pulseinvestigations
LOPES electronic$’,;. With the relation:

<47m/)2 Pur(v) @ LOI_DESSO in the described setup took d_ata in_

G (GP)y sq cos2(B) pgrlod from mid of Novembe_r _2005 until begir
o ] ning of December 2006, receiving 966.000 ext
The amplification facto’(v) describes the fre- g triggers from KASCADE. The LOPES data a
qguency dependent behavior of each electronic quisition system was able to process 860.00C

channel for the signal transmission. The directivity them, where the loss is mostly due to the dead-ti
patternG, of the LOPES antenna is obtained by a of roughly 1.5 seconds.

simulation assuming realistic conditions. To quan-
tify polarization losses during a misalignment of
the linearly polarized VSQ and linearly polarized
LOPES antenna the angtkis introduced. For the
VSQ only the product of gain and emitted power
(GP)vysq is known. In Figure 1 the determined
amplification factord’ (v) for a vertical calibration
for all 30 antennas are shown.

aged over the effective frequency range.

V(v) =

c

The EAS observables, e.g. shower size, num
of muons, arrival direction, and shower core [
sition are reconstructed only with the KASCAD
data and have to fulfill quality cuts, before furth
processing of the radio information. As the ft
data set consists mostly of low energetic show
the expected radio signal strength is relatively Ic
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Therefore, for a first radio pulse analysis a prese-
lection of high energetic showers based on restric-
tions in the electron and muon number was done.
Showers with shower siz&, > 5 - 10% and trun-
cated muon number[]Z}f;r > 5-10* where further
investigated, giving 1200 candidate events.

The analysis of the candidate events performs a se-
ries of processing steps to determine the correla-
tion quantity cc-beam pulse height. First the raw
data is corrected for instrumental delays and af- 1o~
terwards a fast Fourier-transformation is applied. truncated muon number

To suppresses radio frequency interference a mit- Figure 2: Relation of truncated muon numbeéj*
igation of narrow band emitters is applied. Then and cc-beam pulse height.

the reconstructed geometry of the EAS from KAS-

pulse height [uV/m/MHz]

CADE is taken to apply a phase shift to gagh an- | Shower1 Shower 2
tenna data, what can be translated as a shift in time.
Further the amplitude calibration is consideredand ~ log Ne 7.26 7.27
a correction due to small instrumental phase shifts. ~ log V" 5.95 5.91
The data are transformed back into the time do-  log Ees. [€V] 17.4 17.4
main, according to the observables from the EAS 0 [deg.] 24.0 23.8
reconstruction. All time series;(t) can now be ¢ [deg.] 2.3 4.9
superimposed interferometrically and with: CCu [pV/IM/MHZ] | 6.8 £0.6 6.5+0.8
Table 1: EAS observables for two similar showe
CO(t) =+ | |——— 3 s:(t) -5, @)
Npairs -1

i#]

There can be seen no significant correlation
the so called cross correlation be&h®'(¢) is cal- tween those two quantities. Due to the strong
culated. With this kind of data processing the radio pendence of the radio signal on the shower dir
pulses recorded in the LOPES30 data can be iden-tion [5] (geomagnetic angle, zenith angle, and |
tified. For a detailed description of the processing imuth angle) and on the distance to the shov
steps see [4]. core, the correlation with the muon number

Such cc-beam radio pulses are fitted with a Gaus- SPréad out and an unfolding of the dependence
sian function to quantify the height, which is an N€eded. In afirst step for this unfolding the late
averaged field strength for a mean distance to the 9€Pendence will be investigated in more detail &
shower axis of the selected radio antennas. As andiscussed here for two events explicitly.

estimation of the pulse height uncertainty the un-
certainty of the Gaussian fit is used. For 849 can-

Lateral extension of radio signals
didates a radio pulse could be fitted (see Figure 2). 9

) ) ) In the used data set there are two resembling sh
l_:rom Monte Carlo S|mu_lat|ons an apprpmmately ers, which can be used to directly compare the
linear dependence of primary energy with the  gio pulse height for certain distance ranges fr
electric field strengtt is predicted. As the num-  ihe shower axis. The layout in Fig. 3 gives t
ber of muons detected at ground scales roughly shower core position in the KASCADE-Array ar
with the primary energy, in Figure 2 the radio pulse the originating direction indicated by an arro
height is plotted against the truncated r_1umber of The reconstructed EAS observables are giver
muonstf. The used error bars are derived from Taple 1 in addition to the cc-beam of all ante

the fit uncertainty. nas (C'C.y) (see Fig. 4), we considered antenr
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Antenna Layout
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_NU\D_O/ ~ 1007 Figure 5: Lateral distribution of the radio puls
W—>E Direction height for sub-sets of antennas. The events are
Figure 3: The radial distance ranges are illustrated ted by an exponential functiaixp(—R/Ry).

by rings around the shower core, indicated with an
encircled X. Green-left: 3 distance ranges; Red-

right: 4 distance ranges. Ranges are from 0-50 m,
50-100m, 100-150 m, 150-200 m.
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Conclusions

The investigations of the lateral distribution of tt

© " " " " " " " radio emission with LOPES30 data are performr

$ with absolute amplitude calibrated antennas. 1

spread of one order of magnitude in the amplific

tion factor is corrected for in the analysis softwe

and a systematic uncertainty of 13% for mea-
sured field strengths remains.

Exemplarily two high energy events with hig
S/N ratio are investigated for there lateral distrik
tion. The reconstruction of the cc-beam radio pu

. . . . . . . height was done for distance ranges of round 5!
2 T el e from the shower axis. The exponential decreas

Figure 4: Combined cc-beam plot (solid lines, light predicted by the simulations is verified and a sc

and dark) with Gaussian fit (dashed lines) for com- N9 parameteri, could by determined for the re
plete antenna field. lation E ~ exp(—R/Rp) to Ry = 101 £43m. A

full analysis of the LOPES30 data set in terms
lateral behavior of the radio signal is currently
within 0-50, 50-100, 100-150 m, and further out preparation.
from the shower axis and the calculated cc-beams
pulse heights are shown in Figure 5. The simula-
tion and earlier data analyses predict an exponen—ReferenceS
tial decrease of the radio field strengihwith in-

2 4 6

CC—Beam[uVolt/m/MHz]

0

-2

creasing lateral distande. Following the relation: [1] T. Antoni et al, Nucl. Instr. Meth. A,
E ~ exp(—R/Ry), the shown fit is performed for Vol. 513, 490 (2003)

both events and radial distances larger then 50m, [2] H. Falcke etal., Nature 435, 313 (2005)
resulting in a scaling paramet&p = 101 + 43 m. [3] T. Huege & H. Falcke, APh. \ol. 24, 11¢€
Due to increasing RFI from the surrounding de- (2005)

tector stations close to the shower core, the cc- [4] A. Horneffer et al., Int. J. Mod. Phys.
beam pulse heightin the innermost ring can by sys- Vol. A21S1, 168 (2006)

tematically affected towards lower values, butboth  [5] A. Haungs etal., Proc. ARENA conf., New
events have similar field strengths further out. castle, UK; Int. J. Phys.: Conf. Series (200
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