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LOPES 3D reconfiguration and first measurements
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Abstract: The study of cosmic rays at highest energies can only be dgr@b$erving air showers with large scale
detector arrays on the ground. One detection techniquedbgerve the radio emission from the geomagnetic deflected
charged particles in an air shower [1]. The LOPES experiff@mtt the Karlsruhe Institute of Technology (KIT) was the
first experiment to measure this radio emission via digittdrferometry. Since then LOPES was developed further and
further [3]. In the present setup LOPES is consisting of ilibte antennas which allows to measure all three components
of the electric field vector. This article shows the reconfidion of LOPES to LOPES 3D and the calibration of the
LOPES 3D experiment.

Keywords: Radio detection LOPES calibration

1 Introduction influenced by strong atmospheric electric fields like dur-
ing thunderstorms. It is so far the only detection technique
The observation of cosmic rays with energiegd0'” eV is that combines a long up time and sensitivity to the shower
a challenging field of research. One has to go to extrentievelopment because it, in contrast to fluorescence mea-
large detector arrays on the ground and to face several difdrements, can also measure at daytime [4]. Therefore it
ficulties in the reconstruction and the measurement itsei desirable to fully exploit the potential of this detectio
To gain the best results, different observation techniquégchnique. One advancement within this detection method
have to be combined. The radio detection is a promisinig the vectorial measurement of radio emission. To study
candidate to observe the air shower development, becatibe feasibility of these vectorial measurements, the LOPES
all charged particles, especially andet, get deflected experimentwas reconfigured to be now able to measure all
in the Earth’s magnetic field and emit a radio signal. Théhree components of the electric field vector from the ra-
radio detection is not absorbed in the atmosphere and orfl§jo emission of cosmic ray induced air showers and not



D. HuBeretal. LOPES 3D

only a two dimensional projection. The achieved result®.1.2 Preamplifier
have the potential to impact future experiments and analy-

ses. LOPES once more acts as research and developmEi low noise amplifiers (LNA) used for LOPES 3D were
array for large scale applications. originally designed for the Auger Engineering Radio Ar-

ray AERA [5]. They provide low power consumption high

stability and a very low noise level. Because they are
2 Reconfiguration two channel amplifiers one needs two amplifiers per tripole

which results in one spare amplifier channel per tripole.
2.1 Hardware

With the reconfiguration of LOPES to LOPES 3D some-1-3 Beacon

hardware changes had to be done e.g. the antenna tyﬂ?e beacon is a reference emitter emitting sine waves. It

;VI‘?‘S changed which made new pre_am_pllﬂer ano_l NEW CR eeded to improve and monitor the timing of the experi-
ing necessary. The new hardware is discussed in detallment [6]. With the beacon a timing accuracylafs which

the following paragraphs. is needed for digital interferometry is achieved. The phase
differences of the signals from the beacon are constant due
to geometrical reasons. With the known phase differences
from the calibration and the actual measured ones the tim-
! ing can be monitored and if necessary corrected. In order
/ to be also seen in the new, vertical polarization, the beacon

had to be rotated and the emission power was increased.

2.2 Antenna positions

LOPES 3D has ten antenna positions, since the LOPES
data acquisition provides 30 channels and each tripole allo
cates three channels. For the new positions several aspects
had to be concerned:

e Cover a huge area.

e Avoid regularities since they lead to higher side lobes
[7] when using LOPES 3D as digital radio interfer-
ometer.

e Reuse of cables from the previous setup of LOPES.

e Reduce the effort and the danger of damaging the
hardware during the reconfiguration by choosing
antenna positions were old LOPES antennas were
standing.

Figure 1: Picture of the tripole, the new antenna type used
at LOPES 3D. The metal box at the pole is the housing for

the preamplifier. The resulting layout can be seen in figure 2.

2.1.1 Antenna type 3 Calibration

The antennatype used for LOPES 3D is a tripole, see figupgter the reconfiguration a complete calibration needed to
1. This antenna consists of three crossed dipoles and c®& done. The single steps are explained in detail in the
ers one channel per dipole, thus three channels per antenfiflowing.

The tripole provides high sensitivity, a homogeneous setup

and symmetrical characteristics for each channel. Having "
homogeneous and symmetrical antenna characteristics i Measurement of the antenna positions
essential for vectorial analyses and reduces the risk ef s

. YPhe requirementin the timing accuracy when using LOPES
tematic errors.

3D as digital radio interferometer isns. This accuracy in
the timing can be converted in an accuracy in the position
by dividing through the speed of light and is for LOPES

Bxllggﬂ = 30cm. The antenna positions of LOPES are

measured with a differential GPS system. This system has
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105 - [10], since only the relative timing between the channels is
m

o
ST

-100m of interest the time\¢ does not need to be known.
Figure 2: Scheme of the LOPES 3D antenna positions
within the KASCADE [8] array. The LOPES 3D anten- Data Aquisition
nas are marked as stars, the KASCADE detector stations antenna cable SRYE AL frontend
as gray squares and the KASCADE-Grande detectors are g -0 12| G ysrs i
shown as gray rectangles. A=const

Pulse KASCADE

Generator Trigger

a resolution of~ 1.5cm in East and West and 2cm in

the height which is very well above the requirements.  Figure 4: Scheme of the measurement setup for the delay
calibration. The antenna is drawn to mark the place where

3.2 Simulation of the antenna characteristics it would be connected [6].

To determine the characteristics of an antenna there are t&econd step is to do the fine tuning by measuring the refer-
possibilities. On the one hand one can try to measure tk@ice phases of the signal from the beacon. With the method
characteristics, on the other hand one can use a simulatiexplained in 2.1.3 a timing accuracy ¢f1 ns is achieved.

to calculate the antenna behavior. In the case of LOPES 3&h example for the distribution of the phase differences
the antenna characteristics were simulated. For this simbetween channel 24 and 1 is shown in figure 5.

lation the latest public available version of the numerical
electromagnetic code NEC2 [9] was used. With these sir%

ulations the gain pattern as well as the influences of the di 4 Absolute amplitude calibration

ferent ground types on the antenna characteristics can peqrder to know which field strength at the antenna corre-
studied, see also figure 3. For LOPES the 4NEC2 averaggonqs to which analog to digital converter (ADC) value,
ground was chosen since this ground is between the ciffg \hole signal chain needs to be calibrated with a known
ground (KASCADE detector huts) and fertile 1and (grassgeference source. Therefore the reference source needs to
land around the huts) which describe the LOPES site. ¢ arranged over the antenna of the channel to calibrate.

It is important to be in the far field approximation which
3.3 Measurements of the electronics’ delay means that in the case for LOPES the distance between an-

tenna and reference source should be at Iéast [11].
When LOPES is used as digital radio interferometer a prerhe position of the reference source is measured with dif-
cise timing is indispensable. In the frequency range dkrential GPS and the orientation is checked by eye. The re-
LOPES, 40 to 80 MHz, the relative timing between two quirements are less thar? deviation in the alignment and
channels needs to be known with an accuracy better th&sss thart).5 m deviation from the position. With the known
1ns. To gain this high accuracy two steps are necessapower at the antenna and the measured ADC value the cal-
First to get the rough timing by sending test pulses anithration factors for the amplification can be calculated. An
measuring the time they need to be recorded from the dagaample for two amplification factors of the same channel
acquisition. A sketch of the measurement setup is showneasured at different days is shown in figure 6. Using this
in figure 4. A pulse generator is connected to the antenmaethod one gains the advantage of being able to calibrate
cable instead of the antenna. The pulse generator and the assembled analog signal chain, which reduces system-
data acquisition are both triggered by KASCADE-Grande
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Channel 24

gered events. After these simple event definitions the av-
erage event rate of LOPES 3D4s 1.75 % which is

w0 Entries 1600 well within the expectations for a factor %f less antenna
o g'l‘\’nasn '307'22 positions since with LOPES 30 an average event rate of
g : ~ 3.5 % was recorded [13]. The average event rate of

sooE LOPES 3D was calculated for the dataset available from

2501~ 2010.

200;

150F- .

b 5 Conclusions

o The reconfiguration of LOPES to LOPES 3D regarding all
%0 e 4020 requirements has been successful. Now LOPES 3D is the

Figure 5: Measured phase differences of 1600 eveunts
half a day) between channel 1 and 24 68t1 MHz. The

Phasedifference [°]

RMS of 3.782 corresponds to a delay 6f15ns.

atic errors and gives the possibility to detect potentitrin
ferences between the different hardware components.
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first experiment that measures all three components of the
electric field vector from cosmic ray induced air shower ra-
(dio emission. The experimentis calibrated and fully opera-
tional. With LOPES 3D itis possible to study the feasibility
of vectorial polarization measurements for the radio detec
tion technique. First analyses confirmed the performance
as expected. In future sophisticated vectorial analysed ne
to be done to test the huge potential of vectorial radio mea-
surements.
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