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1 INTRODUCTION

The KCDC Manual for Combined Data Analysis provides detailed explanation of data taken
by the KASCADE/KASCADE-Grande Collaboration. The data already published in KCDC have
been reanalysed by means of a modified data analysis software and made publicly accessi-

ble with the KCDC Project Internet Application.

In this manual, we restrict ourselves to describing the changes in the combined analysis
compared to the previously published data, which mainly concerns data selection, and data

analysis in Chapter 2, and the published quantities as described in chapter 3.

As the detector components and the data acquisition system are already described in detail

in the ‘KCDC User Manual’, we kindly ask the user to get the details from there.

Moreover all technical details concerning the handling of the KCDC Data Shop, and the

plugins like ‘Publications’ or ‘Spectra’ are not covered here.

The KCDC-Team is quite aware of the fact that not all details concerning data acquisition

and data analysis can be described in this manual.

1.1 KCDC- THE KASCADE Cosmic RAY DATA CENTRE

KCDC is the "KASCADE Cosmic Ray Data Centre’, where via a web-based interface data of a

astroparticle physics experiment will be made available for the interested public.

The KASCADE experiment, financed by public money, was a large-area detector for the
measurement of high-energy cosmic rays. These charged particles (fully ionised atomic nu-
clei) are accelerated in active cosmic objects, propagated through the intergalactic and in-
terstellar medium of the Universe, and reach our Earth for energies above 10'# eV with a
rate of less than one per minute and square meter. Hitting our Atmosphere, they subse-
guently interact with nuclei and generate a cascade of millions of secondary particles,
which partly reach the Earth surface and can be detected. This phenomenon is called an
extensive air shower: EAS. With an array of particle detectors, this secondary cosmic radi-
ation of individual EAS can be detected and the parameters of the impinging primary par-

ticle reconstructed. In a second step, the energy spectrum, elemental composition and the



1 Introduction

arrival distribution of the primary cosmic rays are investigated and by this, the astrophysical
question to the origin of cosmic rays is studied. KASCADE was extended to KASCADE-
Grande in 2003 to reach higher energies of primary cosmic rays where the rate decreases
to less than one per day and square meter. KASCADE-Grande stopped finally the active data
acquisition of all its components end of 2012 and is already decommissioned. The interna-
tional collaboration of the experiment, however, continues the detailed analysis of nearly

20 years of data.

Moreover, with KCDC we plan to provide the public the edited data, i.e. the reconstructed
parameters of the primary cosmic rays measured via the detection of EAS with the KAS-
CADE-Grande experiment, via a customized web page. The aim of this particular project is
the installation and establishment of a public data centre for high-energy astroparticle
physics. In the research field of astroparticle physics, such a data release is a novelty,
whereas the data publication in astronomy has been established for a long time. But, due
to basic differences in the measurements of cosmic-ray induced air showers compared with
astronomical data, KCDC provides the first conceptional design, how the data can be
treated and processed so that they are reasonably usable outside the community of experts
in the research field. The first goal of KCDC is to make to the community the data from the

KASCADE experiment available to external users.

In November 2013, we published in a first step 15 parameters of reconstructed and cali-
brated data, which we thought are necessary to do simple astroparticle physics analysis,

e.g. the time, arrival direction and energy of events, etc.

With every new release, we added more data sets or more quantities to enable the users
to perform more complex and more sophisticated analysis with the KASCADE data. As the
preparation of the data for public usage is rather time consuming and the KCDC team is
rather small, we ask you to be a little patient if not all parameter you would like to do

analysis with, can be made available at once.

Information on the available KASCADE Simulations can be found in the ‘KCDC Simulations

Manual’.
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1.2 KCDC MOTIVATION

The aim of Astroparticle Physics is to investigate the nature of the Cosmic Radiation mani-
festing in many ways. In various air shower experiments all over the world the cascades of
particles are detected, generated in interaction processes between the particles of the Cos-
mic Radiation and the atmosphere of the earth. As the Air Showers consist of a huge num-
ber of particles, which are spread over a vast area, big detectors are required to measure
a number of parameters of these showers. The combined analysis of observations of vari-
ous components of the cosmic radiation like charged particles, gamma rays and neutrinos
is widely known as “Multi Messenger Astroparticle Physics”. From this presently as “hot
topic” classified field we hope to gain new and exciting information to extend our

knowledge of the origin and transport of what we understand as Cosmic Radiation.

Necessary to achieve such a challenging aim is a free access to the data of various experi-
ments measuring cosmic radiation by different methods and techniques. This is likewise

interesting for the community of scientists as well as for all public interested in this topic.

A first step in this direction is to provide the data as well as the tools to analyse the data
measured with the KASCADE / KASCADE-Grande Experiment for public use. This project is
called the KASCADE Cosmic Ray Data Centre, “KCDC”.

Our motivation is based on three ideas:

The idea of open data as it is laid down in the “Berlin Declaration on Open Access to

Knowledge in the Sciences and Humanities” from 22.10.2003. There we read:

“Our mission of disseminating knowledge is only half complete if the information is not
made widely and readily available to society. New possibilities of knowledge dissemination
not only through the classical form but also and increasingly through the open access par-
adigm via the Internet have to be supported. We define open access as a comprehensive
source of human knowledge and cultural heritage that has been approved by the scientific

community.”

and



1 Introduction

“In order to realize the vision of a global and accessible representation of knowledge, the
future Web has to be sustainable, interactive, and transparent. Content and software tools

must be openly accessible and compatible.”

The Helmholtz Alliance and the KIT plead for further use and for re-examination of the

measured data based on this declaration.

Furthermore, KASCADE was financed by taxpayer’s money, which implies that the collected
data are public property. We want to prepare our data in a way that the public will be able

to access and use the data.

The data have to be preserved for future generations in a way that they should not only be
able to re-perform all analysis steps and conclusions which led us to our widely approved
results manifested in a lot of international publications, but also to be able to use the data
far beyond the lifetime of the experiment which has in fact been shut down already end of

2012.

This approach is new in Astroparticle Physics as well as in the neighbouring fields like Nu-
clear Physics and High Energy Physics, but well known from Astronomy. Therefore, it is our
aim to provide a consistent ‘bundle’ of hard- and software applicable for cosmic ray data.
KCDC will handle questions like calibration of the raw data, applied quality cuts, data for-
mats but also internet access via a web portal and the associated questions like legal rights

and so on from the very beginning.

Because of the huge amount of available data, it is not feasible to offer all data in a ‘tar ball’
for download. Moreover, we offer a way to apply reasonable selection cuts to reduce the
variety of data and parameters adapted to the requirements of the analysis the user in-

tends to perform.

We try to achieve this by means of a flexible web portal providing a modern software solu-
tion for publishing the KASCADE / KASCADE-Grande data for a general audience based on
open source software. KCDC as a WEB portal offers software as a service without installa-
tion by the user with the advantage of a worldwide access via web browsers to data and
processing facilities. We also supply meta information on the detectors and the available

data.

10
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Moreover, we provide example analysis to encourage teachers and pupils to use our data

for their first step into the exciting field of cosmic radiation and astroparticle physics.

1.3 KCDC DATA OVERVIEW

The list provided is intended to give a brief overview of the data from the KASCADE-Grande
experiment that has been published to date with the latest release PENTARUS.

[ [ [
array 433,209,340
_- grande 35,310,393
_- calorimeter 100,655,080
__ general 433,209,340
combined 15,635,550
_- general 15,635,550

1.4 COMBINED NAMING CONVENTIONS

The cosmic ray experiment of which we are publishing the data via the KCDC web portal,
started under the name ‘KASCADE’ and consisted of 252 detector stations placed on a
100x100m? area with a hadron calorimeter in its centre. It was extended by 37 additional
detector stations distributed over an area of 700x700m? running under the new name ‘KAS-
CADE-Grande’. These two detectors were analysed up to now separately. With the com-
bined data analysis presented here, it no longer makes sense to talk of separate detectors,
even though input data and applied cuts are different. When we talk about KASCADE and
GRANDE, we always mean the two detectors. COMBINED must be regarded as a synonym

for the 'new virtual detector’ that emerged from the combined data analysis of both.

_
-
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2 THE COMBINED DATA ANALYSIS

2.1 KASCADE-GRANDE SETUP

The KASCADE-Grande detector system and the data acquisition was described in detail in the
‘KCDC User Manual’, accessible via the KCDC web portal.

Shortly, the experiment consisted of four major detector components (see fig 2.1.1) of which
two detectors were now combined for a common analysis, the original KASCADE Array and

the GRANDE Detector Array.

The KASCADE Array consisted of 252 detector stations housing separate electron and muon
detectors and a second array called GRANDE with 37 detector stations for electron detection,

which extends the effective KASCADE array area from 200x200 m? by a factor of 10.

Karlsruhe Shower Core and
Array DEtector

Fig. 2.1.1 Location of the KASCADE detector arrays

Besides the COMBINED data we publish in this Data Shop, the matching data sets from the
Radio LOPES experiment (LOfar PrototypE Station), distributed over the KASCADE detector

array are made available.
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2 The Combined Data Analysis

2.2 WHY COMBINED?

Until now, data taken by KASCADE and its extension KASCADE-Grande have been analysed
independently of each other, although the GRANDE data analyses used the shielded detectors

of KASCADE for the reconstruction of the total number of muons.

Treating both detectors as one has several advantages over the standalone analysis. For
events where the shower core is located within the KASCADE array, the main advantage is the
increased distance range in which sampling points are available. Because of this, the recon-

struction of showers induced by primaries with higher energy is possible.

For GRANDE the main benefit is the availability of 252 additional detector stations among
which three GRANDE stations are located. This should result in a more accurate reconstruction

of the shower observables.

The aim of the combined analysis was to utilize this improved reconstruction to get one single,
consistent spectrum in the energy range 10*> eV to 10*8 eV. The focus is on the mass compo-
sition, which is one of the most important sources of information needed to restrict astro-
physical models on the origin and propagation of cosmic rays. With the improved reconstruc-
tion of the shower observables, a study of the elemental composition of high-energy cosmic

rays is possible in a more detailed way.

2.3 COMBINED SHOWER RECONSTRUCTION

The main goal for the shower reconstruction using the combined analysis is to extract elec-
trons and muons from the energy deposits as measured in KASCADE and GRANDE. The proce-
dure follows the one developed for the KASCADE standalone analysis. But now, the data sets

from both detectors are treated as a single data set in KRETA.

The reconstruction is performed separately for events located in KASCADE and in GRANDE,
although in both cases all the detectors of the two arrays are used and the same procedure is
applied to all events. The reason to distinguish between events where the shower core is lo-
cated in KASCADE or in GRANDE is that the accuracy of the reconstruction of Ne and Ny is

different for events located in the respective other array. In addition, the muonic component

14



2 The Combined Data Analysis

is only measured by the KASCADE detectors; hence, a different part of the muonic component

is sampled for events located in KASCADE compared to events located in GRANDE.

The reconstruction procedure is tuned in a way that if only one detector has found a shower
core then the corresponding results on position, direction and shower size are taken. In case
of both arrays have found a core, the KASCADE core is taken, if the reconstructed GRANDE
core lies within KASCADE, else the GRANDE results are taken. As the applied cuts are coupled

to the shower core position, we will have to differentiate in terms of cuts (see chapter 2.4).

If the reconstruction procedure would be tuned independently of the shower location, the
differences in the reconstruction would be effectively ignored for events located in KASCADE,
because the fiducial area covered by KASCADE is ten times smaller than the area selected for
KASCADE-Grande. Nevertheless, by combining the two detectors, the quality of the recon-
struction is improved for both sets of events and the corresponding results can still be merged
once the composition of cosmic rays has been reconstructed, which will make a correction for

the known reconstruction effects possible.

2.4 APPLIED ANALYSIS CUTS

Some selection criteria have been applied to ensure good quality of the reconstructed quan-

tities.

Bad Runs cut: measurement periods during which problems with either the KASCADE or the

GRANDE detectors occurred or where at least one of them was inactive are excluded.

ANKA cut: the synchrotron radiation facility ANKA at KIT-Campus North was inducing fake
events during beam injection or beam stops. Events recorded within these time windows have

been identified and excluded.

As the cuts mentioned above are only applied to measured data, the following selection cri-

teria are applied to both, measured and simulated events.

Area cut: in order to avoid border effects at the edges of the detector arrays, a smaller fiducial
area was chosen compared to what is covered by the detectors, shown in fig. 3.4.1, slightly
different for measured data and for simulations mostly due to the synchrotron radiation

source ANKA.

15



2 The Combined Data Analysis

Zenith Angle cut: the angular resolution drops significantly above about 6>30 °, caused by the
fact that the reconstruction algorithm for COMBINED has been fine-tuned to zenith angles

below 30°.

As described above, some cuts applied depend whether the reconstructed core position lies

within KASCADE or GRANDE.

Age cut: for events located in KASCADE, the age parameter was chosen to be within the range

from 0.2 to 1.48. For events within GRANDE, the range was chosen to be 0.15 to 1.48.

Ne cut: for events with the shower core within KASCADE a minimum log(N¢) = 3.2 is required
which is well below the threshold of full efficiency. For GRANDE a minimum log(Ne) = 4.8 elec-

trons is used.

N, cut: a loose cut on the number of muons is defined as log(ny) = 3.0 for all events with the

shower core either within KASCADE or within GRANDE.

Station cuts: for GRANDE are at least 12 detector stations with valid time information neces-
sary to generate a reliable time fit to get the shower direction. Additionally for GRANDE at
least one of the overlapping trigger hexagons had to be triggered. For events located in KAS-

CADE, at least six detector stations must have been triggered.

Core Distance cut: the shower core is reconstructed in each of the three iteration levels within
the reconstruction program KRETA. The maximum distance between these core positions

must be less than 70 m.

More Complex cuts: there are some more complex cuts used to remove non-physical non-

sense. These cuts are mostly derived from some two-dimensional plots of Ne, Ny and Age.
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3 COMBINED DATA IN KCDC

The measured air showers in KASCADE-Grande are analysed using the reconstruction program
KRETA (Kascade Reconstruction for ExTensive Airshowers), which reads the raw data, performs
the calibration and reconstructs the basic shower observables, storing all the results in the

form of histograms and vectors of parameters (ntuples).

The reconstruction procedure starts after the calibration phase and develops internally over

three levels using an iterative process to come to the results.

Concerning the ‘Combined Analysis’ level 1 remains unchanged, the combination of the data

is performed in analysis levels 2 and 3.

Based on data generation and data handling we distinguish between:

Measuring Data
Corresponding to data which are directly measured or reconstructed by the KASCADE
analysis software like core positions and angles.

Calibration Data
Used to calibrate the data sets on an event-by-event basis like air temperature and air

pressure.

Event Information

Used to characterise an event uniquely like run number and event time.

first order reconstructed Energy eV E

Core Position X location of the reconstructed shower core x- m Xc
position

Core Position Y location of the reconstructed shower core y- m Yc
position

17



3 COMBINED Data in KCDC

Zenith Angle reconstructed zenith angle with respect to the  ° (degree)
vertical

Azimuth Angle reconstructed azimuth angle with respect to ° (degree) Az
the north

A W08 reconstructed number of electrons (fit) (number of) Ne
m reconstructed number of Muons (fit) (number of) Nmu

Shower shape parameter Age
e/y - energy Energy deposit in MeV / station (MeV) EDeposit
deposits
K - energy Energy Deposit in MeV / station (MeV) MDeposit

deposits

Arrival Times / station ns Arrival

Calibration Data

AUAE S e temperature on site at event time °C T
air pressure on site at event time hPa P

Event Information

m internal KASCADE counting number (number of) R

internal KASCADE counting number (number of) Ev

Event Date event date uTc Datetime

Global Time event date time in seconds since 1.1.1970 S GT
(unix time)

event time in 200 ns steps (number of) M
m Universally Unigue IDentifier (number of) uuID

The plots schown in this chapter are only examples, mostly based on a subsample of the data
set published. So, applying user cuts either in the KCDC Data Shop or in your own analysis can

change these spectra drastically.

-
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3 COMBINED Data in KCDC

3.1 SHOWER RECONSTRUCTION

The number of electrons and muons have to be extracted from the energy deposited in the
KASCADE and GRANDE detectors. The procedure follows the one developed for the KASCADE

standalone analysis.

The data set contains only a subset of the true number of air showers that hit the detector.
This is partly due to the trigger efficiency, which means that not all low energetic showers
trigger the data taking. In addition, the applied selection criteria remove events from the total
data set based on the quality of their reconstruction. Hence, the combined trigger and recon-
struction threshold has to be inferred. The threshold is defined in terms of the primary energy
of the cosmic ray and corresponds to the energy above which all events of the original data

set are still present in the final event sample.

The reconstruction is performed separately for events located in KASCADE and GRANDE, alt-
hough in both cases all the detectors of the two arrays are used and the same procedure is
applied to all events. The reason to distinguish between events located in KASCADE and
GRANDE is that the accuracy of the reconstruction of Ne and N is different for events located
in the respective other array. In addition, the muonic component is only measured by the
KASCADE detectors, hence, a different part of the muonic component is sampled for events
located in KASCADE compared to events located in KASCADE-Grande. If the reconstruction
procedure would be tuned independently of the location, the differences in the reconstruc-
tion would be effectively ignored for events located in KASCADE, because the fiducial area
covered by KASCADE is ten times smaller than the area selected for GRANDE. Nonetheless, by
combining the two detectors, the quality of the reconstruction is improved for both sets of
events and the corresponding results can still be merged once the composition of cosmic rays
has been reconstructed, which will make a correction for the known reconstruction effects

possible.

The reconstruction of the shower is organized in three steps. Step one is used to get a first
estimate of the particle numbers, arrival direction, and the position of the core. The latter is
achieved by using the centre of gravity of the signals of the non-shielded scintillation detec-
tors. Assuming a plane shower front, the arrival direction is estimated, while the geometrically

weighted signals of the non-shielded and shielded detectors are used to retrieve the starting
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3 COMBINED Data in KCDC

values for Nch and Ny, respectively. For steps two and three, the energy deposits have to be
transformed into particle numbers. This is done using a lateral energy correction function,
which describes the average energy deposited per charged particle taking into account the
size of the shower obtained in the previous step and the distance of the station to the shower

core.

In step two, the arrival direction is improved by fitting a conically shaped shower front to the
arrival times of the first particles measured with the non-shielded detectors. The core posi-
tion, Nch and the so-called shower-age, i.e. the slope parameter of the function are then ob-
tained by fitting an NKG-like lateral density function to the particle densities measured at the
non-shielded detectors. The original NKG function has been derived analytically for e/y in-
duced showers describing the lateral distribution of the electromagnetic particles. However,
the original function cannot describe the electromagnetic component of hadron-induced
showers well. This is commonly attributed to the fact that the electromagnetic component of
a hadron-induced shower is a superposition of a large number of electromagnetic sub-show-

ers. Therefore, a different parameterization of the lateral density function has to be used.

The reconstruction of N, is performed simultaneously, therefore, the muon lateral density
function is known at the beginning of step three and its information is included in the fitting
procedure for the non-shielded detectors resulting in the total number of electrons at obser-
vation level. The number of muons is obtained in a similar way. The transformation of energy
deposits takes into account a Ne dependent probability of electrons, photons or hadrons pass-
ing the shielding. These particles falsely counted as muons dominate the signal for stations
with a distance within 40m of the core, therefore, these stations are ignored for the fit. In
addition, the NKG-like function is known to deviate from the true muon distribution towards
larger distances to the shower core, hence, instead of using the total number of muons, the
truncated number of muons is used, which is the result of the integration of the fitted lateral
density function in the range from 40 - 200m, i.e. where the KASCADE detectors provide sam-
pling points for the fit. In addition, because of the low muon densities, the shape parameter,
i.e. the slope of the lateral density function is fixed to a value derived using simulations. This
value changes depending on the shower size. The only remaining free parameter is, therefore,

the total number of muons.
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3 COMBINED Data in KCDC

3.2 NUMBER OF ELECTRONS AND NUMBER OF MUONS (NE, NMmU)

In KASCADE-Grande, the energy deposits of electrons and muons at ground level are meas-
ured, as well as their arrival time in every single detector station of KASCADE and GRANDE.
From these measurements, the arrival direction of the shower, its impact point on ground
(shower core) and the total number of electrons and muons in the shower, i.e. the electron
and muon shower sizes are reconstructed. Reconstruction is performed in three so-called lev-

els.

The reconstruction of Ne and Nu follows the same procedure as described in the KASCADE
shower reconstruction (see ‘KCDC User Manual’). However, this analysis is based on the com-
bined information from both detectors instead of KASCADE only and in case of the reconstruc-
tion of Ne a slightly different parameterization for the NKG-like function whichisa=1.6, } =

3.5, and ro =20m at level 2 and a = 1.6, B = 3.4, and ro = 30m at level 3.

- s—2 " s—4.5
0.(r) = C(s) " N, <_> <1 + _>

To To
with

I'(B —>s)

(o) = 2nrfT(s—a+2)(a+ p —2s—2)

In addition, the size dependent parameterization of the shape of the muon lateral density
function has been updated and N, has been obtained without applying the truncation. The
combination results in some advantages compared to the standalone. The parameterization

for the reconstruction of muonsis o = 1.5, B = 3.7, and ro = 420m.

Figures 3.2.1 and 3.2.2 show the Ne and N, distributions of the combined analysis in a log-log

scale.
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Fig. 3.2.1 The spectrum of the reconstructed number of electrons
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Fig. 3.2.2 The spectrum of the reconstructed number of muons

Fig. 3.2.3 shows the [gN,, — [gN, distribution as deduced from the Combined Data Analysis.
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Fig.3.2.3 lgN, — lgN, distribution measured fom COMBINED

3.3  AGE (AGE)

Contrary to variables like number of electrons Ne or number of muons Ny, the value of the Age
parameter has no absolute meaning, as it depends on the choice of the lateral distribution
function which is fitted to the shower data. It may also be called lateral shape parameter
because it describes the steepness of the lateral electron density distribution. KASCADE uses
a modified NKG-function to fit the lateral shower shape. Within this function, the age param-

eter values are limited theoretically to a range from 0.15 to 1.48.

The shape (steepness) of the lateral density distribution of a given shower depends on the
energy of the primary particle, as well as on its nature. The higher the shower energy, the
steeper the lateral distribution. A heavy primary particle with the same energy as a light one
gives rise to a flatter lateral distribution, as the shower starts earlier in the atmosphere. When
reaching ground, the shower is "older", which gives the Age parameter its name. The Age pa-
rameter therefore may help (in combination with number of electrons) to distinguish between

primary particles of different mass.

Fig. 3.3.1 shows the distribution of the Age parameter within its valid range.
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Fig. 3.3.1 The AGE distribution from the modified NKG function for reconstructed showers.

3.4  SHOWER CORE POSITION (Xc, YC)

The Core Position is the reconstructed location of the shower centre at KASCADE-Grande level
derived from the energy deposits of each detector station from KASCADE and GRANDE of one

event. The unit of the core position is [m].

For the reconstruction of the core position in the COMBINED detector array basically the
particle densities in every detector station are taken. By means of an neural network algorithm
which combines high efficiency for the identification of the shower core with good rejection
capability for showers that fall outside the fiducial volume, the core can be determined to a
precission of about 1m. In addition, this method offers a simple approach to identify events

with subcores.
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Fig. 3.4.1 Shower core distribution from COMBINED analysis

The distribution of the shower core is plotted in the fig. 3.4.1. Extensive air showers with a
core position outside the detector area have a great probability for beeing incorrectly
reconstructed. Therefore, only showers with a maximum core distance less than 91 m radius
from the centre of the KASCADE detector and a well understood GRANDE detector area are

taken into account.

The structure in the above picture is caused by an artefact in the reconstruction algorithm,
which causes the centre of the shower core to be drawn between the stations with the highest
measured energy deposits. For low energies the reconstruction algorithm draws the centre of
the shower core towards the stations with the highest measured energy deposit. In the centre

of the array the Central Calorimeter is located, thus four stations are missing.
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3.5  SHOWER DIRECTION (ZE, Az)

In KASCADE coordinates, the zenith angle is measured against the vertical direction, which
means that 6=0° is pointing upwards and 90° denotes a horizontal shower. The azimuth is
defined as an angle measured clockwise starting in northern direction (90° is east). The regular
orientation of the KASCADE-Grande Array has an offset of about +15° against the real northern
direction, caused by the fact that the conditions of the location (KIT, Campus North) allow only
this orientation. This offset is corrected for in the data analysis. The unit of the azimuth and

zenith angleis [°].

The KASCADE-Grande detectors measure the arrival times and the energy deposits of air
shower particles, so that the shower directions are determined by evaluating the arrival times

of the first particle in each detector station and the total particle number per station.

To calculate this shower centre the differences in the arrival times of the shower particles of
the detector stations are used. After an individual time calibration of all stations where delay
times and cable properties and electronics including the PMTs are taken into account, the
differences of the times compared to the signal of the first station arriving at the central data
acquisition are taken. To increase the accuracy, the energy deposits are taken into account

when the direction of the shower disk is calculated.

In the first level of the reconstruction, the shower direction is estimated by a gradient method.
This method is very fast and works without a minimisation procedure. It can deliver good

starting values for the following reconstruction levels.

More detailed:

With a square root of the energy deposit VE, the weighted gradients % and % were filled in
x y

a two dimensional histogram. The gradient with the most entries from the channel was used
to determine the shower direction. The angular resolution with these methods is 0.3 ° up to
1 ° depending on the shower energy. This is to account for the probability of an early particle

at low densities.

In the second and third reconstruction levels, the shower direction is determined by the fitting

of the function to the lateral distribution of the time signals. The form of the function has a
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3 COMBINED Data in KCDC

significant effect on the size of the statistic and systematic errors of the estimated values. In
the standard COMBINED reconstruction of KASCADE-Grande, the fitting of the arrival time is

performed with a conical surface, i.e. the shower disk is not flat but a spherical segment.

In figure 3.5.1 the distributions of the azimuth angle is shown.
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Fig. 3.5.1 The distribution of the reconstructed azimuth angle

The distribution of the zenith angle shown if fig 3.5.2. A cut has been applied at 30°.
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Fig. 3.5.2 The distribution of the reconstructed zenith angle

3.6  ENERGY ESIMATION (E)

One of the main goals of the air shower measurement is to determine the energy spectrum of
the cosmic rays. Due to uncertainties in the hadronic interactions and the huge fluctuations in
the shower size, this determination of energy and mass is rather challenging. In KASCADE, we
measure the electromagnetic and muonic components of air showers separately, while in
GRANDE only the charged component can be detected. By using all observables, we perform
a transformation matrix in order to convert the number of electrons and muons to the energy
of primary particles taking into account the angle of incidence. The parameters of the formula

of the energy estimator are derived from extensive air shower simulations.

3.6.1 MEASURED DATA

From the measurements we derive the number of charged particles for each of the 252 de-
tector stations and the 37 Grande stations separately. The number of muons is taken for each

of the 192 outer Array detector stations. One can fit a function to the charged particles and
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muons separately. Due to saturation and punch through p-detector stations within a radius of

40m around the reconstructed shower core are not taken into account.

In GRANDE, we can only measure the energy deposit of charged particles and photons to-
gether. There is no way to distinguish between electromagnetic particles and muons. Thus the
measured data are the energy deposits of charged particles at ground level and their arrival

times.

From these measurements, the arrival direction of the shower, its impact point on ground
(shower core) and the total number of charged particles and muons in the shower, i.e. the
shower sizes are reconstructed. The reconstruction is performed similar to KASCADE but with
different parameters. The number of Muons (N,) are taken from the KASCADE detector sta-
tions participating in the respective event with a simplified method. As there are normally only
few KASCDE detector stations with muon information when GRANDE has been triggered, the
number of detected muons is compared to a shower with a normalised shower size. When the
GRANDE core position is known, the average value of the ratio of ‘measured muon num-

ber’/’expected muon number’ over all detectors are formed and stored as Ny,

The area underneath this so-called LDF (Lateral Density Function) is a measure for the number
of charged particles and Muons. Subtracting the two curves and integrating leaves the number

of Electrons (Ne). These two parameters are the basic input to the Energy Estimator.

3.6.2 SIMULATED DATA

For the air shower simulations the CORSIKA program (COsmic Ray SImulation for KASCADE)
has been used by applying the hadronic interaction model of QGSjet-1I1-04 (Quark-Gluon-String
Model, version lI-4) for laboratory energies above 200 GeV. The low energy model Fluka
2012.2.14 32 has been used for energies below 200 GeV. All particles have been tracked down
to the observation level at 110 m.a.s.l. The output of CORSIKA was fed into the detector
simulation program CRES (Cosmic Ray Event Simulation) where the response of all detector

components is taken into account by using the CERN GEANT3 package. The predicted
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observables at ground level, such as the number of electrons and muons are then compared
to the measurements. Showers of five different mass groups indicated by five different
primaries (p, He, O, Si and Fe) and photons have been simulated. The simulations cover the
energy range of 1-10% to 3-10* eV with zenith angles in the interval 0° - 30°. The spectral
index in the simulations was -2 to safe time and then corrected for the spectral index of the

cosmic rays to -2.7.

In the COMBINED data analysis the simulations were also treated in the same way as the

measured data.

For the parametrisation, the zenith angel range is from 0° to 17°. The selected data between
E = 10%%eV and E = 3.2 - 108GeV are divided in logarithmical equidistant energy intervals,

where the mean values e/y- and W -distributions are determined.

3.6.3 FORMULA FOR ENERGY ESTIMATOR

For the energy estimation in the COMBINED analysis, we choose a very simple formula:

Ig(E) = 1.632 + 0.8907*Ig (Ne+ + N,,)

The spectrum of the reconstructed energy of the primary particle for KASCADE Combined data
analysis based on this formula is shown in Fig. 3.6.1. Clearly visible is that the full efficiency of

the reconstruction is reached at about 101°> eV.
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Fig. 3.6.1 The reconstructed energy spectrum in log-log scale based on the simple en-

ergy estimator

The table below illustrates the strong dependency of the number of remaining events from
the cuts applied only on the Quantity ,Energy’for all events reconstructed as combined events

published in release PENTARUS.

:
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4 KASCADE ARRAYS DATA IN KCDC COMBINED

With the release of the COMBINED analysis, we publish the three data arrays from KASCADE,
the energy deposits of electrons and muons and the arrival times per station as given by the

reconstruction program KRETA.

KASCADE Description

Quantity

Reconstructed Data

e/y - energy energy deposit in MeV / station [252]
deposits

(MeV) EDeposit

K - energy energy deposit in MeV / station [192] (MeV) MDeposit

deposits

Arrival Times arrival Times / station [252] ns Arrival

In measurements, a detector station flagged ‘inactive’ or ‘overflow’ was excluded from the

data analysis. Detector stations with no signal above the threshold are set to Egeposit=0 MeV.

The plots shown in this chapter are only examples, mostly based on a subsample of the data
sets with primary energeis above 10%° eV. So, applying user cuts in your own analysis can

change these spectra drastically.

4.1 ENERGY DEPOSITS PER STATION (EDEPOSIT, MDEPOSIT)

The publication of the energy deposits offers a new quality of KCDC to perform analysis with
the KASCADE data. Available are the energy deposits of each single detector station inde-

pendently measured in the e/y- and in the p-detectors.

A detector station has to fulfil several conditions to be treated as ‘active detector station’ in
the sense that their energy deposits (EDeposit) and their muon energy deposit (MDeposit)
values are provided.

- the station was flagged as ‘active’

- no overflow was detected in the station
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- the station was not deselected for various reasons

Active detector stations, which had no signal above the threshold, are as well taken into ac-
count. No energy value of these ‘silent’ stations is given, just the station ID (EDepositS) is

stored.

Note: on the quantities ‘Energy Deposit’ no cuts can be applied

Note: in chapter 8.4 are examples on how to handle the quantity ‘Energy Deposit’

4.1.1 E/y—ENERGY DEPOSITS

Handling the ‘e/y Energy Deposits’ quantity mostly requires some additional information ei-
ther on the absolute coordinates of the detector station or on the distance to the recon-
structed shower core. Therefore, the quantity EDeposit$ is always supplied with the energy
values. Furthermore, the number of detector stations with valid energy deposit information

(EDepositN) is provided as well.

Thus, if the quantity ‘e/y Energy Deposit’ is selected in the KCDC DataShop you will always be

supplied with the following data sets:
EDepositN number of active e/y-detector stations with energy deposit > 0
EDeposit energy deposit per station in MeV

EDepositS detector station ID [1...252]

4.1.1.1 Number of active e/y-detector stations (EDepositN)

The range of active e/y-detector stations stored in EDepositN is between 1 and 252. The dis-
tribution for EDepositN is shown in Fig. 4.1.1. The lower limit is given by the selection condi-
tion that at most two array clusters (32 stations) may be missing in the respective event. As
there may be more single stations flagged as ‘inactive’, the number can be below 220. On the
other hand, if the shower cores lies within Grande, far away from the KASCADE array only a
few stations can be involved in the event (see also fig. 4.1.2). The peak structure is caused by
the cluster geometry of the KASCADE array (see “KCDC User Manual” chapter 2.2) i.e. the

probability that a whole cluster is missing.
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Note: only active stations are used for further analysis and shown in the plot.

Note: This value is always shipped if the ‘e/y Energy Deposit’ Quantity is selected but only
in root and hdf5 files not in ASCII.
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fig. 4.1.1 Distribution of the number of active e/y —detector stations

4.1.1.2 Number of e/y-detector stations with hits

The distribution of the number of e/y-detectors with EDeposit>0 in this event is given in fig

4.1.2.
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4.1.1.3 e/y Energy Deposit for each detector station (EDeposit)

The Energy deposits are derived from the stored ADC values for each detector station by
means of a calibration procedure where the influences of electronics and cabling are included.
EDeposit values are given in MeV. In fig 4.1.3, the energy deposits for a subsample of data are

plotted.
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fig. 4.1.3 Distribution of the calibrated e/y -Energy Deposits of all active stations

4.1.1.4 Station ID (EDepositS)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the true detector position in KASCADE coordinates of

the respective Array detector station is in detail described in chapter 8.4 and Appendix A.

Fig 4.1.4 shows the distribution of station IDs of the active e/y-detector stations. The steps in
the otherwise very flat spectrum indicate that one station or a whole cluster (16 stations) were

missing for some time.

Note: This value is always shipped if the ‘e/y Energy Deposit’ Quantity is selected but only
in root and hdf5 files not in ASCII.
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Fig. 4.1.4 Distribution of station IDs for active e/y-detector stations

For further studies the effective e/y —detector area for a given station can be derived from the
station ID. As described in the “KCDC User Manual” chapter 2.2 two different detector setups
are realised in the KASCADE array. The inner 4 clusters consist of only 15 stations each, (the
16™ position is blocked by the Central Calorimeter) and are equipped with 4 liquid scintillator
cones with an effective area of 3.14m? to measure the shower core. The outer 12 cluster have
two liquid scintillation e/y-detectors with an effective area of 1.57m? (see fig. 4.1.5). The table

below shows the correlation between station ID and effective detector area.

Station ID Area [m?] Area Code
1-80 1.57 0
81-110 3.14 1
111 -142 1.57 0
143 -172 3.14 1
173 -252 1.57 0
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Fig. 4.1.5 Array setup, schematic view of the KASCADE detector array

yellow: two e/y-detectors,1.57m? plus the muon detectors per station;

red: four e/y-detectors, 3.14m? per station no muon detectors;

4.1.2 MUON — ENERGY DEPOSITS

Handling the ‘Muon Energy Deposits’ quantity mostly requires some additional information
either on the absolute coordinates of the detector station or on the distance to the recon-
structed shower core. Therefore, the quantity MDepositS is always supplied with the Energy
Deposit values. Furthermore, the number of detector stations with valid energy information

(MDepositN) is provided as well.

Thus, if the quantity ‘Muon Energy Deposit’ (‘MDeposit’) is selected in the KCDC DataShop

you will always be supplied the following data sets:
MDepositN number of active p-detector stations with energy deposit = 0
MDeposit muon energy deposit per station in MeV

MDepositS detector station ID
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4.1.2.1 Number of active p-detector stations (MDepositN)

The range of MDepositN is between ca. 1 and 192. The distribution for MDepositN is given in
Fig. 4.1.6. The lower limit is given by the selection condition that at most two array clusters
(32 stations) may be missing in the respective event. As there may be single stations flagged
as ‘inactive’ the number can be below 160. Furthermore, pu-detectors within a radius of 40m
around the reconstructed shower core are not used because of the saturation and the punch
through which cannot be estimated accurately and thus not corrected for. On the other hand,
if the shower cores lies within Grande, far away from the KASCADE array only a few stations

can be involved in the event (see also fig. 4.1.7).
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fig. 4.1.6 Distribution of the number of active p—detector stations

Note: This value is always shipped if the ‘Muon Energy Deposit’ Quantity is selected but only
in root and hdf5 files not in ASCII.

4.1.2.2 Number of p-detector stations with hits
The distribution of the number of p-detectors with energy deposit MDeposit>0 in this event

is given in fig 4.1.7.
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fig. 4.1.7 Distribution of the number of u-detector stations with hits

4.1.2.3 p-Energy Deposit value for each detector station (MDeposit)

The Energy deposits are derived from the stored ADC values for each p detector station by
means of a calibration procedure where the influences of electronics and cabling are included.
MDeposit values are given in MeV. In fig 4.1.8 the energy deposits for a subsample of KAS-

CADE data are plotted.

Note: Muon energy deposits within a 40m radius around the reconstructed shower core are
not in the data samples because of the saturation and the punch through effects, which

cannot be estimated and thus not corrected for.
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fig. 4.1.8 Distribution of the corrected u energy deposits of all active stations

4.1.2.4 Station ID (MDepositS)

The station ID (same as for e/y-detectors in 4.1.1.4) holds the information of the location of
the respective detector station. The transformation from the station ID to the KASCADE coor-
dinates of the respective Array detector station is in detail described in chapter 8.4 and Ap-

pendix A.

Fig 4.1.9 shows the distribution of station IDs of the active p-detector stations. The two re-
gions not populated represent the 4 inner array clusters, which are not equipped with p-de-
tectors (see “KCDC User Manual” chapter 2.2). The other steps in the otherwise very flat spec-

trum indicate that one station or a whole cluster (16 stations) were missing for some time.
The effective p—detector area for all 192 stations is 3.24 m? (yellow area in fig 4.1.5).

Note: This value is always shipped if the ‘u Energy Deposit’ Quantity is selected but only in
root and hdf5 files not in ASCII.
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Fig. 4.1.9 Distribution of station IDs for u-detector stations

4.2  ARRIVAL TIMES

The ‘Arrival Times’ of each KASCADE and GRANDE array station represents the first time
stamp of each detector station that has been hit by a charged particle. When the electronic
has recorded a signal above a certain threshold a signal is sent to the central data acquisition
system. The first signals of each station represent the shower front and are used to determine

the shower direction.

The quantity ‘Arrival Time’ offers the possibility to reconstruct the shower disc and the arrival

direction of the extensive air shower.
The values of the arrival times are taken from the e/y —detector’s data.

A detector station has to fulfil several conditions to be accepted as ‘active detector station’
for arrival time analysis.

- the station was flagged as ‘active’

- no overflow was detected in the station

- the station was not deselected for various reasons
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A detector station, which did not provide any time information, was treated as ‘silent station’.

Note: on the quantity ‘Arrival Times’ no cuts can be applied

Note: in chapter 8.4 are examples on how to handle the quantity ‘Arrival Times’

Handling the ‘Arrival Times’ quantity mostly requires some additional information either on
the absolute coordinates of the detector station or on the distance to the reconstructed
shower core. Therefore the quantity ArrivalS is always supplied with the times values. Fur-
thermore, the number of detector stations with valid arrival time information (ArrivalN) is

provided as well.

Thus, if the quantity ‘Arrival Times’ is selected in the KCDC DataShop you will always be sup-

plied with the following data sets:

ArrivalN nr of active e/y-detectors for this event (0 ... 252)
Arrival Arrival time in [ns] bins
ArrivalS detector station ID [1...252]

4.2.1.1 NUMBER OF DETECTOR STATIONS WITH VALID ARRIVAL TIMES (ARRIVALN)

The range of ArrivalN is between about 15 and 252. The distribution is shown in fig. 4.2.1. The
lower limit is given by the trigger condition described in chapter 3.1.2. of the “KCDC User Man-

ual”.
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fig. 4.2.1. Distribution of the number of detector stations with ‘Arrival’ information

4.2.1.2 ARRIVAL TIMES PER STATION (ARRIVAL)

The arrival times are given with a resolution of 1ns/bin. Fig 4.2.2 shows the ‘arrival’— distribu-
tion. The values of the arrival times can be negative due to the fact that the reference to cal-
culate the individual time stamps is not the first signal above a certain threshold but the time
of coincidence that matches the trigger condition set in the hardware. Going to higher Ener-
gies the negative Arrival Time values will disappear as indicated in the red curve of fig. 4.2.2

where a cut as been applied on Ne > 500,000.
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fig. 4.2.2 Arrival time distribution; no Ne cuts(blue); Ne>500000 (red)

4.2.1.3 STATION ID (ARRIVALS)

The station ID (same as in 4.1.1.4) holds the information of the location of the respective de-
tector station. The transformation from the station ID to the KASCADE coordinates of the re-

spective Array detector station is in detail described in chapter 8.4 and App-A.

Fig 4.2.3 shows the distribution of station IDs of the active e/y-detector stations. The two re-
gions with the higher population mark the four inner clusters which have a detection area

twice the size of the outer 12 clusters (see fig. 4.1.5).

Note: This value is always shipped if the ‘Arrival’ Quantity is selected but only in root and

hdf5 files not in ASCII.
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fig. 4.2.3 Distribution of station IDs for e/y-detector stations with valid Arrival Times

4.2.1.4 EXAMPLE

An example for the arrival time distribution of one event is given in fig 4.2.5. The warmer the
colour the bigger the time difference which usually corresponds to larger zenith angles. The
arrival time distribution and the large difference in the arrival time of about 600ns indicate

that the shower is coming from south-west direction at a zenith angle of about 30°.
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Fig. 4.2.5
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With the release of the COMBINED analysis, we publish the two data arrays from GRANDE,
the energy deposits of the charged particles and the arrival times per station as given by

the reconstruction program KRETA (Kascade Reconstruction for ExTensive Airshowers).

GRANDE Description

Quantity

Measured Data

Energy Deposits charged energy deposit per GRANDE detec-
tor station

Arrival Times per GRANDE detector station  (ns) GArrival

The plots shown in this chapter are only examples, mostly based on a subsample of the

(MeV) GDeposit

data set published. So, applying user cuts either in the KCDC Data Shop or in your own

analysis can change these spectra drastically.

5.1 GRANDE ENERGY DEPOSITS PER STATION (GDEPOSIT)

Available are the GRANDE energy deposits of each of the 37 detector stations.

A detector station has to fulfil several conditions to be treated as ‘active detector station’
in the sense that their energy deposits and arrival times are provided.

- the station was flagged as ‘active’

- no overflow was detected in the station

- the station was not deselected for various reasons
Active detector stations, which had no signal above the threshold, are as well taken into
account. The energy value of these ‘silent’ stations is set to ‘0’.

Note: on the quantities ‘GRANDE Energy Deposit’ no cuts can be applied
Note: in chapter 8.5 are examples on how to handle the quantity ‘GRANDE Energy De-

posit’

49



GRANDE Arrays Data in KCDC COMBINED

Handling the ‘GRANDE Energy Deposits’ quantity mostly requires some additional infor-
mation either on the absolute coordinates of the detector station or on the distance to
the reconstructed shower core. Therefore, the quantity GDepositS is always supplied with
the energy values. Furthermore, the number of detector stations with valid energy deposit

information (GDepositN) is provided as well.

Thus, if the quantity ‘GDeposit’ is selected in the KCDC DataShop you will always be sup-

plied with the following data sets:
GDepositN  number of active GRANDE detector stations with energy deposit = 0
GDeposit energy deposit per station in MeV

GDepositS  detector station ID [1...37]

5.1.1 NUMBER OF ACTIVE GRANDE DETECTOR STATIONS (GDEPOSITN)

The range of GDepositN is in this analysis roughly between 30 and 37. The distribution for

GDepositN is given in Fig. 5.1.1.
Note: only active stations are used for further analysis and shown in the plot.

Note: This value is always shipped if the ‘GRANDE Energy Deposit’ Quantity is selected
but only in root and hdf5 files not in ASCII.
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5.1.2 GRANDE ENERGY DEPOSIT FOR EACH DETECTOR STATION (GDEPOSIT)

The Energy deposits are derived from the ADC values for each GRANDE station by means
of a calibration procedure where the influences of electronics and cabling are taken into
account. GDeposit values are given in MeV. In fig 5.1.2 the energy deposits for a subsam-

ple of GRANDE data is plotted.
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fig. 5.1.2 Distribution of the GRANDE Energy Deposits of all active stations

5.1.3 STATION ID (GDEPOSITS)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the true detector position in KASCADE coordinates
of the respective GRANDE detector station is in detail described in chapter 8.5 and Appen-
dix B.

Fig 5.1.3 shows the distribution of station IDs of the active GRANDE detector stations. The
step in the otherwise very flat spectrum indicates that a single station was missing for

some time.

Note: This value is always shipped if the ‘GRANDE Energy Deposit’ Quantity is selected

but only in root and hdf5 files not in ASCII.
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5.2 ARRIVAL TIMES

The ‘GRANDE Arrival Times’ of each GRANDE array station represents the first time stamp
of each detector station that has been hit by a charged particle. When the electronic has
recorded a signal above a certain threshold a signal is sent to the central data acquisition
system, the GRANDE DAQ. The first signals of each station represent the shower front and

are used to determine the shower direction.

The quantity ‘GRANDE Arrival Time’ offers the possibility to reconstruct the shower disc

and the arrival direction of the extensive air shower within the COMBINED data analysis.

A detector station has to fulfil several conditions to be accepted as ‘active detector sta-
tion’ for GRANDE arrival time analysis.

- the station was flagged as ‘active’

- no overflow was detected in the station

- the station was not deselected for various reasons

A detector station, which did not provide any time information, was treated as ‘silent sta-

tion’.
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Note: on the quantity ‘GArrival’ no cuts can be applied

Note: in chapter 8.5 are examples on how to handle the quantity ‘GRANDE Arrival Times’

Handling the ‘GArrival’ quantity mostly requires some additional information either on
the absolute coordinates of the detector station or on the distance to the reconstructed
shower core. Therefore the quantity GArrivalS is always supplied with the times values.
Furthermore, the number of detector stations with valid arrival time information (GArri-

valN) is provided as well.

Thus, if the quantity ‘'GRANDE Arrival Times’ is selected in the KCDC DataShop you will

always be supplied with the following data sets:
GArrivalN number of active GRANDE detector stations for this event [0 ... 37]
GArrival Arrival time in [ns] bins

GArrivalS detector station ID [1...37]

5.2.1 NUMBER OF GRANDE DETECTOR STATIONS WITH VALID ARRIVAL TIMES (GARRI-
VALN)
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fig. 5.2.1. Distribution of the number of active detector stations for ‘Arrival Times’
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The range of GArrivalN is shown in fig. 5.2.1. The showers below N=12 are reconstructed
with KASCADE parameters in the Combined analysis. If the shower core is within GRANDE
the lower limit is set to N>12. The lower limit is given by the trigger condition described

in chapter 3.1.2 of the “KCDC User Manual”.

5.2.2 ARRIVAL TIMES PER STATION (GARRIVAL)

The ‘GRANDE Arrival Times’ are given with a resolution of 1ns/bin. Fig 5.2.2 shows the

‘arrival time’— distribution.
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fig. 5.2.2 GRANDE Arrival time distribution

5.2.3 STATION ID (GARRIVALS)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the GRANDE coordinates of the respective Grande
detector station is in detail described in chapter 8.5 and Appendix B. Fig 5.2.3 shows the
distribution of station IDs of the active detector stations. The structure is mostly caused
by the area cut for the effective area in the core position of the GRANDE showers where

some stations are outside these limits.
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Note: This value is always shipped if the ‘GRANDE Arrival Times’ Quantity is selected but
only in root and hdf5 files not in ASCII.
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Fig. 5.2.3 Distribution of station IDs for GRANDE detector stations with valid arrival times

5.2.4 EXAMPLE

An example for the arrival time distribution of one event is given in fig 5.2.4. The warmer
the colour the bigger the time difference which usually corresponds to larger zenith an-
gles. The arrival time distribution and the large difference in the arrival time of about
1400ns indicate that the shower is coming from north-east direction at a zenith angle of

about 25°.
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fig. 5.2.4 Grande event No. 1722823 from 6.5.2005; energy deposit (left), arrival times
(right)
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6 LOPES DATAIN KCDC

As described in detail in chapter 2.7 of the ‘KCDC User Manual’, the measured air showers
from the radio antenna array LOPES (LOfar PrototypE Station), are not part of the KAS-

CADE main data stream. Nevertheless, they got a time stamp from the KASCADE trigger

system to merge the measured data offline.

From the observables obtained in the analysis we choose 26 to be published in KCDC,

which can be selected and mostly applied cuts on via the KCDC Data Shop as Quantities.

LOPES
Quantity

Measuring Data

Description

EfieldMaxAbs

Elevation E-W

Elevation N-S

CCheight E-W

CCheight N-S

rmsCCbeam E-W

maximum atmospheric electric
field as measured by e-field mill

azimuth of LOPES CC beamforming

reconstruction (East-West)

azimuth of LOPES CC beamforming

reconstruction (North-South)

elevation of LOPES CC beamform-
ing reconstruction (East-West)

elevation of LOPES CC beamform-
ing reconstruction (North-South)

amplitude of smoothed cross-cor-
relation beam (East-West)

amplitude of smoothed cross-cor-
relation beam (North-South)

amplitude of X-beam (East-West)

amplitude of X-beam (North-
South)

RMS of CC beam in noise window
(East-West)

V/m

°(degree)

°(degree)

uv/m/MHz

uVv/m/MHz

uVv/m/MHz

uVv/m/MHz

uVv/m/MHz

EfieldMaxAbs
AzL_EW
AzL_NS
EIL_EW
EIL_NS
CCheight_EW
CCheight_NS
Xheight_EW
Xheight_NS

rmsCCbeam_EW



LOPES Data in KCDC

LOPES Description Unit
Quantity

Measuring Data

(e B0 RMS of CC beam in noise window  uV/m/MHz rmsCCbeam_NS
(North-South)

W[y 8 number of antennas contributing (number of) NCCbeamAnten-
nas E-W to CC beam (East-West) nas

_EW

W[l a1 5 number of antennas contributing (number of) NCCbeamAnten-

nas N-S to CC beam (North-South) nas
_NS
ConeAngle E-W cone angle rho of hyperbolic wave- °(degree) coneAngle EW
front reconstructed with CCbeam
forming (East-West)
ConeAngle N-S cone angle rho of hyperbolic wave- °(degree) coneAngle NS
front reconstructed with CCbeam
forming (North-South)
slope parameter of exponential 1/m eta EW
LDF (East-West)
slope parameter of exponential 1/m eta_NS

LDF (North-South)

amplitude parameter of exponen-  uV/m/MHz eps EW
tial LDF (East-West)

amplitude parameter of exponen-  uV/m/MHz eps_NS
tial LDF (North-South)

Geomag Angle angle between geomagnetic field  °(degree) = geomag_angle
and COMBINED shower axis

Reconstruction Reconstruction used as Input for reconstruction
LOPES: A = KASCADE ('array') 65;
G = Grande 71

LOPES Compo- used to identify an event with Lopes_Comp_ID

nent Identifier Lopes data
1 = with LOPES data

0 = no LOPES data
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LOPES Description Unit
Quantity

Measuring Data

amplitude of pulse (after correc-
tion for noise)

uVv/m/MHz height[30]

distance of antenna position to m dist[30]

shower axis
EnvelopeTime time of maximum envelope ns envelopeTime[30]
Polarization alignment of antennas (EW or NS) polarization[30]

The [30] in the last 4 quantities denotes that these are data arrays, which hold information
for every single LOPES antenna. The plots shown in this chapter are only examples. So,
applying user cuts either in the KCDC Data Shop or in your own analysis can change these

spectra drastically.

6.1 EFILEDMAXABS

The e-field has been measured on KASCADE site in the centre of the LOPES array by means

of an e-field mill 3m above the ground taking data every second.

During fair weather, the electric field at ground level has a value between -100 V/m and -
200 V/m. Occurring small changes are slow, with a typical time scale in the range of
minutes. However, when a thunderstorm occurs, the conditions change quite drastically.
Ground field strength may exceed + 20 kV/m. In addition, lightenings are visible as discon-
tinuities in the recorded data. Thus for ‘normal’ analyses a cut is applied removing events

recorded during conditions with an e-field higher than 3000 V/m.
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fig. 6.1.1 E-filed distribution as measured by the e-field mill (absolute value)

6.2 AzL EW & AzL_NSAND ELL_EW & ELL_NS

AzL_EW/AzL_NS and EIL_EWY/EIL_NS describe the direction reconstructed using the cross-
correlation beamforming for the east-west and north-south aligned antennas respec-
tively. The LOPES coordinates are defined analogously to KASCADE. So the Azimuth AzL is
defined as Az, the Elevation EIL equals 90°-Ze, so EIL=90° points upwards. During the max-
imization of the CC-beam, the assumed arrival direction of the shower is changed accord-
ing to a defined grid on the sky. This grid is centred on the arrival direction reconstructed
by the Combined Data Analysis, which is used as a starting value. For each arrival direction
the expected time difference of the LOPES time trace is calculated and corrected for. Then
the CC-beam is maximized using a simplex fit varying the direction, see also 6.3. Thus, the

reconstructed direction is those yielding the maximum value for the smoothed CC-beam.
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fig. 6.2.2 Elevation of LOPES CCbheam forming reconstruction

left: East-West orientation; right: North-South orientation

6.3 CCHEIGHT_EW & CCHEIGHT_NS AND RMSCCBEAM_EW &
RMSCCBEAM_NS

The CCheight is the maximum value of the smoothed cross-correlation beam, which is

determined as follows:

According to the arrival direction and the distance of the air shower, a geometrical delay
of the signal in each antenna is calculated. The shower core is given by COMBINED. This
delay depends on the shape of the radio wave front. Investigations on measured and sim-

ulated radio signals show that a hyperbolic shape is the best approximation for the radio
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wave front. For larger distances this hyperboloid approaches an asymptotic cone. Such a

hyperbolic shape is parametrized using the following formula:

ct(d, z;) = \/(alsinp)2 + (cb)? + z;cosp + ¢cb

With the lateral distance of the antenna to the shower axis d, the distance of the antenna
to the shower plane zs and the two parameters p for the opening angle of the asymptotic
cone and b describing the time offset between the hyperboloid and the asymptotic cone
at the shower axis. According to the expected arrival time of the signal, calculated with
the formula above, the time traces are shifted in such a way that after the shift the radio

signal is seen at the same time in all antennas.

Then the directional sensitivity of the antenna is considered by the application of the an-
tenna gain. In a final step the cross correlation beam, CC-beam, is calculated using the

following equation:

Nant—1 Nant

1irs Z Zsl- (®) - s5;()

i=1  i>j

cc(t) =+ N

p
With Nant being the number of Antennas, Npairs the number of unique pairs, the time t and

the time-shifted traces of the particular antennas si;(t).

To suppress fine structure coming from the bandpass filtering, the CC beam is smoothed
by applying a block-averaging over the lengths of three raw samples (37.5 ns; which con-
tain more than three samples when upsampling is used in the reconstruction). Then the
arrival direction and the cone angle p are changed according to a defined grid on the sky
and the CC-beam is maximized using a simplex fit. The arrival direction reconstructed by

COMBINED is used as a starting value.

Finally, a Gaussian function is fitted to the CC-beam, which provides the information on
time and height of the CC-beam. The time is used to identify the time of the signal in the

individual antennas, see 6.11.

Additionally, the RMS value of the CC-beam is calculated which is a measure for the back-

ground. The ratio of the CCheight and the RMS of the CC-beam, thus, is a signal-to-noise
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ratio. A cut is applied rejecting events with a low ratio, where the threshold is 14 or lower,

depending on the number of antennas contributing to the CC-beam:

CCheight /rmsCCbeam > 14 * \/ (Ng,:/30)

Mo, _pa_q

6
Amplitude of cross-correlation beam-EW [uV/m/MHz] Amplitude of cross-correlation beam-NS [uV/m/MHz]

:

fig. 6.3.1 Amplitude of smoothed cross correlation beam

left: East-West orientation; right: North-South orientation

6.4 XHEIGHT_EW & XHEIGHT_NS

The X-beam or excess beam x(t) is calculated from the block averaged (BA) CC-beam and

power beam like:

(cc(t))pa

x(0) = O 1 D am

Then a Gaussian function is fitted providing the height of the X-beam. The Xheight is used
as quality cut for the radio data: The fraction of power in the CC-beam compared to the
total power is an important quantity for the quality of LOPES events and can be deter-
mined from the ratio of the Xheight divided by the CCheight, which needs to be between

0.8 and 1.5 for an event to pass the following quality cut:

0.8 > Xheight <
" CCheight
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fig. 6.4.1 Amplitude of X-beam
left: East-West orientation; right: North-South orientation

6.5 NCCBEAMANTENNAS EW NCCBEAMANTENNAS NS

NccbeamAntennas_EW/NS are the numbers of antennas used for the calculation of the

CC-beam, so the number of antennas NAnt.

L L | L s
25 30 20 25 30
Number of antennas-EW Number of antennas-NS

S
o
2
a

fig. 6.5.1 number of antennas contributing to CC beam

left: East-West orientation; right: North-South orientation

This number can vary due to different setups, inactive or malfunctioning antennas.

6.6 CONEANGLE_EW & CONEANGLE_NS

The cone angle is derived during the maximization of the CCbeam, see 6.4. The radio
wavefront is approximated by a hyperbolic shape, which is parametrized, using the fol-

lowing formula:
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ct(d, z;) = \/(dsinp)2 + (cb)? + z;cosp + ¢cb

With the lateral distance of the antenna to the shower axis d, the distance of the antenna
to the shower plane zs and the two parameters p for the opening angle of the asymptotic
cone and b describing the time offset between the hyperboloid and the asymptotic cone

at the shower axis. The cone angle corresponding to the maximized CCbeam is given here.
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o 0005 001 0015 002 0025 005 0035 004 0045 005 0 0005 001 0015 002 0025 003 0035 004 0045 005
Cone angle tho of wave front-EW Gone angle tho of wave front-NS

fig. 6.6.1 cone angle rho of hyperbolic wave front

left: East-West orientation; right: North-South orientation

6.7 ETA_EW & ETA_NS ANDEPS_EW & EPS_NS

The lateral distribution, i.e. the amplitude of the radio pulse € vs the lateral distance to

the shower axis d of each antenna, is fitted using an exponential function:
e(d) = €199 - exp[-n(d — 100m)]

with the fit parameters €100 which is the amplitude eps_ EW/NS at 100m axis distance, and

n which is the lateral slope eta_EW/NS.

This is a simplified assumption assuming a radial symmetry of the radio signal around the
shower axis, neglecting the small asymmetry due to the interference of the geomagnetic
and Askaryan effects for the radio emission. The lateral distribution also neglects that for
some showers, the radio amplitude first rises until reaching the distance of the Cherenkov
cone and decreases only for larger distances. For those events dominated by the rising

inner part of the lateral distribution, thus, a negative value of n is expected.

67



LOPES Data in KCDC

0.06 0.08 0.1
Slope parameter of exponential LDF-NS [1/m]

107 =
E o

10— [
E 10 E

1 = 1=
S .w.ﬂﬂﬂ\ﬂ”ﬂﬂ. E e |
-0.04 -0.02 0.02 0.04 0.06 0.08 A -0.04 -0.02 0 0.02 0.04
Slope parameter of exponential LDF-EW [1/m]
fig. 6.7.1 n slope parameter of exponential LDF

_ I

left: East-West orientation; right: North-South orientation

‘I.‘I_I.M.‘ |
60 70

40 50 80 - a0 100
Amplitude parameter of exponential LDFC-EW [uV/m/MHz]

e e Lo L b
60 70 80 90 100

Amplitude parameter of expanential LDFC-NS [uVm/MHz)

& amplitude parameter of exponential LDF

left: East-West orientation; right: North-South orientation

6.8 GEOMAG_ANGLE

The radio signal strongly depends on the angle between the shower axis and the Earth’s

magnetic field called geomagnetic angle. Therefore, this value is provided here. It is cal-

culated using the COMBINED shower coordinates Az and Ze and the direction of the mag-

netic field in Karlsruhe which is along BAz = 0° and BZe = 64.4°.
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fig. 6.8.1 angle between geomagnetic field and COMBINED shower axis

6.9 RECONSTRUCTION

The reconstruction parameter indicates which shower reconstruction has been used. For
this analysis only the combined reconstruction is available. Thus the reconstruction pa-

rameter can only be C=67 for COMBINED.

6.10 LOPES Comp ID

The LOPES Component Identifier is a technical parameter to select events with Lopes Ra-
dio data directly. The ‘LopesComplD’ for all Lopes events is set to ‘1. If you want to select
only data sets with Lopes content you will have to apply a cut in the DataShop from ‘1’ to

‘1’ for the LopesComplD.

6.11 HEIGHT

The height is the amplitude of the radio pulse at each antenna after noise correction and
after pulse identification using the time of the CC-beam maximum. The calculation of the
CC-beam enables the identification of the pulse induced by the air shower: RFI, e.g., in-
duced by the KASCADE-Grande detectors, is usually incoherent while the radio pulse from

an air shower is coherent. The CC-beam therefore allows identifying the time of the air-
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shower signal. This information is used to get the radio pulse amplitude measured by in-
dividual antennas. With the timing information from the CC-beam, the maximum pulse
amplitude in each antenna is determined by choosing the nearest local maximum of the
Hilbert envelope of the trace (i.e., the nearest local maximum of the instantaneous ampli-
tude). For the amplitude at the individual antennas also the influence of noise is consid-
ered: Investigations show that noise can increase or decrease the signal depending on the
signal-to-noise ratio and a noise correction is applied individually for each antenna cor-

recting for the average effect at the corresponding signal-to-noise ratio.

Note: on the quantity ‘LOPES Height’ no cuts can be applied

Handling the data array ‘Lopes Height’ quantity mostly requires some additional infor-
mation either on the absolute coordinates of the detector station or on the distance to
the reconstructed shower core. Therefore the quantity ‘heightS’ is always supplied with
the ‘height’ values. Furthermore, the number of detector stations with valid ‘height’ in-

formation (‘heightN’) is provided as well.

Thus, if the quantity ‘Lopes Height’ is selected in the KCDC DataShop you will always be

supplied with the following data sets:

heightN number of active LOPES detector stations for this event [0 ... 30]
height amplitude of the radio pulse [uV/m/MHz]
heightS detector station ID used for height [1...30]

6.11.1 NUMBER OF LOPES DETECTOR STATIONS WITH HEIGHT INFORMATION (HEIGHTN)

The distribution of ‘heightN’ is shown in fig. 6.11.1. (left).

Note: This value is always shipped if the ‘LOPES Height’ Quantity is selected but only in
root and hdf5 files not in ASCII.
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fig. 6.11.1. Distribution of the number of active detector stations for ‘LOPES Height’ (left) and
the distribution of station IDs (right )

6.11.2 STATION ID (HEIGHTS)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the LOPES coordinates of the respective LOPES de-
tector station is in detail described in Appendix C. Fig 6.11.1 (right) shows the distribution

of station IDs of the active detector stations.

Note: This value is always shipped if the ‘LOPES Height’ Quantity is selected but only in
root and hdf5 files not in ASCII.

6.11.3 HEIGHT PER STATION (HEIGHT)

The ‘LOPES Height’ distribution is shown in fig 6.11.2.
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fig. 6.11.2 amplitude of pulse after noise correction

6.12 ENVELOPETIME

The envelope time is the time in the trace of each individual antenna at which the pulse
amplitude (height) is determined. Consequently, this is the time of the local maximum of
the Hilbert envelope closest to the signal arrival time determined by the CC-beam. Typi-

cally, it can be up to a few 10 ns earlier or later than this CC-beam time.

Note: on the quantity ‘LOPES Envelop Time’ no cuts can be applied.

Handling the data arrays ‘Lopes Envelope Time’ quantity mostly requires some additional
information either on the absolute coordinates of the detector station or on the distance
to the reconstructed shower core. Therefore the quantity ‘envelopeTime$’ is always sup-
plied with the ‘envelopeTime’ values. Furthermore, the number of detector stations with

valid ‘envelopeTime’ information (‘envelopeTimeN’) is provided as well.

Thus, if the quantity ‘Lopes envelopeTime’ is selected in the KCDC DataShop you will al-

ways be supplied with the following data sets:
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envelopeTimeN number of active LOPES detector stations for this event [0 ... 30]
envelopeTime Time of maximum of envelope [ns]

envelopeTime S detector station ID used for envelope Time [1...30]

6.12.1 NUMBER OF LOPES DETECTOR STATIONS WITH ENVELOPETIME INFORMATION (EN-
VELOPETIMEN)

The distribution of ‘envelopeTimeN’ is shown in fig. 6.12.1. (left).

Note: This value is always shipped if the ‘LOPES envelopeTime’ Quantity is selected but
only in root and hdf5 files not in ASCII.

2 ‘
IIHII| T TTT \‘ T
3

| P S T S T S S T T S S O S RS PRSI T S S I T T S IS T S T S S T N SO S S S|
5 10 15 20 25 3 5 10 15 20 25 30

Number of active Detectors for ‘Envelope Time' ‘Envelope Time' station ID

fig. 6.12.1. Distribution of the number of active detector stations for LOPES envelopeTime’
(left) and the distribution of station IDs (right )
6.12.2 STATION ID (ENVELOPETIMES)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the LOPES coordinates of the respective LOPES de-
tector station is in detail described in Appendix C. Fig 6.12.1 (right) shows the distribution

of station IDs of the active detector stations.

Note: This value is always shipped if the ‘LOPES EnvelopeTime’ Quantity is selected but

only in root and hdf5 files not in ASCII.

6.12.3 ENVELOPE TIME PER STATION (ENVELOPETIME)

The ‘LOPES envelopeTime’ distribution is shown in fig 6.12.2.
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6.13 DISTANCE TO SHOWER AXIS

The distance d is the lateral distance of the antenna position of a single antenna to the
shower axis, reconstructed with LOPES, which is used for the reconstruction of the lateral
distribution (the standard wave front reconstruction is by the CC-beam, which turned out
to be more stable than the reconstruction using the envelopeTime and distance in the

individual antennas).

Handling the data array ‘Lopes Distance’ quantity mostly requires some additional infor-
mation either on the absolute coordinates of the detector station or on the distance to
the reconstructed shower core. Therefore the quantity ‘distance$’ is always supplied with
the ‘distance’ values. Furthermore, the number of detector stations with valid distance

information (‘distanceN’) is provided as well.

Thus, if the quantity ‘Lopes Distance’ is selected in the KCDC DataShop you will always be

supplied with the following data sets:
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distN number of active LOPES detector stations for this event [0 ... 30]
dist distance to the shower axis [m]
distS detector station ID used for dist [1...30]

6.13.1 NUMBER OF LOPES DETECTOR STATIONS WITH DISTANCE INFORMATION (DISTN)

The distribution of distN is shown in fig. 6.13.1. (left).

Note: This value is always shipped if the ‘LOPES Distance’ Quantity is selected but only
in root and hdf5 files not in ASCII.

1400

1200

1000

800

600

400

200 200 —|

L
0 5 10 15 20 25 30 OD 5 10 15 20 25 30
Number of active Detectors for ‘Distance’

fig. 6.13.1. Distribution of the number of active detector stations for ‘LOPES Distance’ (left) and
the distribution of station IDs (right )

6.13.2 STATION ID (DISTS)

The station ID holds the information of the location of the respective detector station. The
transformation from the station ID to the LOPES coordinates of the respective LOPES de-
tector station is in detail described in Appendix C. Fig 6.13.1 (right) shows the distribution

of station IDs of the active detector stations.

Note: This value is always shipped if the ‘LOPES Distance’ Quantity is selected but only

in root and hdf5 files not in ASCII.
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6.13.3 DISTANCES PER STATION (DIST)

The ‘LOPES Distance’ distribution is shown in fig 6.13.2.
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fig. 6.13.2 distance of antenna position to shower axis

6.14 POLARIZATION

The polarization is the alignment of the antenna, which is either EW — along the east-west
axis or NS — along the north-south axis. This value can change for different setups. For
both sets of antennas (EW) and (NS), the reconstruction is run separately and inde-

pendently from each other.
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Fig. 6.14.1 Polarization of the LOPES-30 radio antennas

In the data sets provided to the users, ‘0’ denotes an antenna polarization in North-South
direction, ‘1’ stands for East-West polarization. Five antenna positions are equipped with

antennas in both directions (see also app. C).
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7 GENERAL DATA IN KCDC

The ‘general’ data describe measuring conditions, like Air Temperature and Air Pressure,
as well as Event conditions like Event Time and Run Number necessary for correction and

unique identification purposes.

7.1 EVENT TIME (DATETIME, GT, MT)

In KASCADE an event is stored when the trigger condition is fulfilled (details see chapter 3
of th “KCDC User Manual”). As all events recorded are triggered either by the KASCADE
Array or by the GRANDE Array, these conditions are based on the layout of the two
detector arrays. For the KASCADE Array the 252 detector stations are subdivided in 16
clusters (4x4 stations each, the 4 inner clusters have on 15 stations each). The trigger
condition is fulfilled when at least one cluster has recorded a signal above a certain
threshold. For the GRANDE Array the trigger condition is fulfilled when at least all seven
stations of one trigger hexagon have recorded a signal above the threshold. The time of

the first trigger either from KASCADE or from GRANDE is stored as the event time.

The event time is always given in UTC which is affected with an offset of -2h for summer
time (CEST) and -1h for winter time (CET). As a redundant time information we use at
KASCADE the Unix Time, a system timestamp counting the number of seconds elapsed
since 1. January 1970 (midnight UT), which is internally referenced as Global Time (GT).
To get a high precision time stamp the so called Micro Time (MT) information is used.
Based on the cycle of a 5 MHz clock which is reset and synchronised every second, we

obtain an accuracy of +/- 200 ns for the event time.

For a better accuracy of the absolute time, we utilize the Global Positioning System (GPS),
which is a high-precision satellite navigation system. The absolute accuracy is better than

1 ps.

With an integration time of 200 ns, the electronics of each station is ready for the next
measurement after about 1.2 ps. Taking into account the trigger rate of about 4 Hz, the

total dead time due to the data acquisition is 5 ps.
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Due to the difference of the cable lengths between the array clusters, i.e. transmission
path, the differences in the transmission time are determined by a time calibration and

corrected for.

7.2 AR TEMPERATURE AND PRESSURE (T, P)

The earth’s atmosphere has a small influence on the development of the extensive air
showers and thus cannot be neglected, in particular for anisotropy studies of cosmic rays.
Thus, data can be corrected for effects of temperature and pressure on an event-by -event

basis in analyses.

The meteorological data are received from the Institute of Meteorology and Climate Re-
search at KIT. The measurements are taken from sensors placed 2m above ground level
for the temperature readings and 1.5m above ground for the air pressure measurements
on site of KIT, Campus North, about 1 km from the KASCADE experiment. All climate ob-

servables were recorded every 10 minutes.

The figure 7.2.1 presents the distribution of the temperature between 2004 and 2010.

The spectrum shows, that the seasonal variation and the distribution is stable.

In general, the number of charged particles decreases exponentially after their shower
maximum and it varies with the zenith angle, as well as with the atmospheric pressure.

Therefore, the attenuation can be described with the attenuation length Ay by:
(N, (X)) x exp(—XO//lNe cos @)

where N,(X) is the number of electrons of the extensive air shower at the slant depth
X[g/cm™?2]. The X, is a definite initial atmospheric depth after the maximum of the lon-

gitudinal shower development and it is 1020 g/cm™2 at KASCADE
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Fig. 7.2.1 The spectrum of the temperature as a function of the Global Time measured at

ground level for the time period 8.3.2004 - 411.2010 in [10° s].

A variation of the slant depth by the pressure p(t) with an average atmospheric pressure

Do is given by

Xo , p(t) —po
X(p)) =
('p( )) cosG)+ g -cos@

The fluctuation of the rate because of the pressure variation can be up to 20%. By means
of tuning a polynomial function, the atmospheric influences on the rate can be well cor-

rected.

The variation of the pressure for the measuring period 2004-2010 is given in fig 7.2.2.

81



GENERAL Data in KCDC

= 1040
o =
= 1030 — . 35000
2 = |
3 [
B 1020 —
o = .l | — 30000
o =N I | | |
£ 1010
= —25000
1000 — | |
990 — ‘ | 'I — 20000
980 ;— — 15000
970 —
- 10000
960 —
950 5000
E 1 ‘ | 1 | | | 1 1 ‘ | 1 | | | 1 |
940 1100 1150 1200 1250 1300 °
Global Time [s]
Fig. 7.2.2 The spectrum of the air pressure as a function of the Global Time measured at

ground level for the time period 8.3.2004 - 4.11.2010 in [10¥ s].

7.3 RUN NUMBER & EVENT NUMBER

Run Number and Event Number are two parameters, which characterise an event
uniquely. They will always be supplied with the data sets. A run is in KASCADE defined as
a set of events recorded under the same hardware conditions. An automatic procedure in
the data recording system caused the data taking to stop and to start with a new run if
the hardware conditions of one of the various detector components has changed, p.e. loss

of one detector.

The Event Number starts at ‘1’ with each run and is increased with every valid hardware
trigger, which invokes data recording. KASCADE recorded within its lifetime more than 1.7
billion events of which only 15 million passed our quality cuts and could be reconstructed

with the Combined Data Analysis method.
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7.4 UUID

The UUID (Universally Unique Identifier) has been introduced to identify a single event
by one unique string. This identifier is required to match the KCDC data with the data of
the TAIGA/TUNKA experiments published within the KRADLC initiative (Karlsruhe-Russian

Astroparticle Data Life Cycle Initiative).

A unique UUID represents an object independent from versions and the reference is im-
mutable. Records that were once published in KCDC are frozen by versions, which means

that even if the data are extended or changed the reproducibility is maintained.
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8 DATA ANALYSIS HELPS

This chapter provides some valuable information on how to deal with the COMBINED data,

based on our experience of data analysis.

8.1 EFFICIENCIES

COMBINED reaches its full detection- and reconstruction efficiency at around log(Ne)=5.5
which corresponds roughly to a reconstructed energy of about 10%°> eV. This implies that be-
low this value you will have to deal with efficiency corrections and threshold effects. Some of

these effects are described in chapter 3.

The study of the detector efficiency has been done by means Monte Carlo Simulations where
the respective efficiency curves for proton- and iron-induced showers have been investigated.
Fig 8.1.1 shows the combined trigger and reconstruction efficiency as a function of the true
energy for events located in the KASCADE-Grande area with COMBINED area cuts applied. The
picture indicates that trigger- and reconstruction reaches its full efficiency around 102 eV

reconstructed energy.

In fig 8.1.2 the “full efficiency cut" (solid line) is shown on top of the log10(Ne)-log10(N,) dis-
tribution for simulated events located in KASCADE-Grande. On the left hand side for events

with energies above the threshold of full efficiency and for all events on the right hand side.

85



Data Analysis Helps

2.0 Data : QGSJetll.4, Calib. : QGSJetll.4
- T H T T T
: —— Chosen threshold : 1015 eV
! | =4
ol - From Fit : 101580 oV
i ceme Fit
1.5 : |
:
S, :
o :
& :
& 1.0 _..l:.i-i-i-i-i--i--{-{-{--{-*-*-i-}- -4--4-- I ]
(= s
£ i :
] :
osf : _
z ;
i
o’ ;
0.0 - ) - . .
15.0 15.5 16.0 l(ti.o 17.0 17.5 18.0
rue
log1o(E™") [eV]
Fig. 8.1.1 The combined trigger and reconstruction efficiency as a function of the true energy for
events located in KASCADE-Grande (COMBINED area cut used) (from S.Schoo PhD)
0 Data: QGSJetILd, Calib, : QGSJetILd I Data : QGSJetll.4, Calib. : QGSJetll.4 »
10?
—_ 10*
2 J £
10! -
10!
— Line of full efficiency — Line of full efficiency
I e S A N S I A
logo(Ny) loglu(—wu)

86



Data Analysis Helps

The "full efficiency cut” (solid line) on top of the log10(Ne)-log10(Nu) distribution

Fig. 8.1.2
for simulated events located in KASCADE-Grande.; Lh.s. for events with energies
above the threshold of full efficiency and for all events on the r.h.s. (from S.Schoo
PhD)

8.2 Curts

Concerning applied cuts we distinguish between ‘Data Selection Cuts’ and ‘Advised Cuts’. The

first are already applied on the data published when filling the mongoDB (see chapter 2.4.),

the latter are highly recommended.

8.2.1 DATA SELECTION CUTS

The ‘Quality Cuts LOPES’ have mostly been applied while filling the KCDC database.

e event is already part of KCDC DataShop
only events which were already in the KCDC DataShop are stored

e reconstruction parameters from LOPES agree
only events where the core position and the incident angle reconstructed by the

Combined Data Analysis and by LOPES analysis agree are stored

8.2.2 ADVISED CUTS
The ‘Advised Cuts’ are strongly recommended by the KASCADE collaboration. They have been

applied in most of our publications.

for LOPES:

e EfiledMaxAbs < 3000 V/m;
the maximum E-field measured by the afield mill has to be <3000 V/m. Above this

value the data are likely to be influenced by atmospheric disturbances like thunder-

storms.

8.3 EXPERT’S ADVICES

Here are some advices, which we think are helpful for people doing analysis with the KCDC

data.

e be careful applying cuts on the quantity ‘energy’;

the quantity energy is a rough estimation based on the measured numbers of electrons
(Ne) and the number of muons (N,) by means of an "Energy Estimator" who's parame-
ters are deduced with help of a Monte-Carlo Simulation sets optimized for the zenith
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angle range 0° to 17° (see chapter 3.1.3). It would be advisable to cut on Ne or/and N
instead;

¢ how to handle the quantities ‘Energy Deposit’ and ‘Arrival Times’;

the energy deposit values are only given when the station was working properly. Oth-
erwise, the ‘Station ID’ (EDepositS) is missing as well as all data for the respective sta-
tion. The deposit value ‘0’ thus denotes a station, which was working but is not a part
of the present event. If you are interested in the station coordinates please refer to
chapter 8.4. and appendix-A. (section 8.5 and appendix-B for GRANDE respectively).

Basically, the same applies for the quantity ‘Arrival Times’. However, here only stations
marked as active e/g-detectors with valid time information are taken into account.

e the ‘row_mapping’ file

must always be used to match events from different detector components like ‘com-
bined’ and ‘lopes’. When a detector component is missing in the respective event the
row_mapping entry is set to ‘-1’;

C++ code examples how to deal with the row-mapping file can be downloaded.

For KCDC COMBINED data:

https://kecdc.isp.kit.edu/static/txt/KCDC analyze COMBINED example.C.gz,

for COMBINED simulation:

https://kcdc.isp.kit.edu/static/txt/KCDC analyze COMBINED simulations exam-

ple.C.gz .

8.4 CALCULATION OF ARRAY DETECTOR STATION LOCATIONS FROM ID

For the ‘Energy Deposits’, the ‘u-Energy Deposits’ and the ‘Arrival Times’ in KASCADE, the po-
sition of the detector stations is given in so called ‘Station IDs’ which is a number between 1
and 252 for e/y-detectors and 192 for p-detectors. The allocation table and the python-code

to calculate the real position of the KASCADE stations in KASCADE coordinates are given in

appendix ‘A’.
8.5 CALCULATION OF GRANDE DETECTOR STATION LOCATIONS FROM ID

For the ‘GRANDE Energy Deposits’ and the ‘GRANDE Arrival Times’ the position of the detec-
tors is given in so called ‘Station IDs’ which is a number between 1 and 37. The allocation table

and to calculate the real position of the respective GRANDE station in KASCADE coordinates

are given in appendix ‘B’.

8.6 DISTURBANCES FROM ANKA
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ANKA is a Synchrotron Radiation Source and a Test Facility and KIT-CN, located in the south-
western corner of the GRANDE detector array about 700m away from the centre of the KAS-
CADE array. Due to scattered radiation, GRANDE measures a disturbance in the measurement
during beam injection times and when the beam is dumped in the sense that the GRANDE
trigger is activated and events highly inclined coming from south-west are reconstructed.
These periods of time as well as times when ANKA was doing ‘machine physics’ were excluded

from the data when filling the mongoDB.
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9 COMBINED DATA SHOP

The KCDC COMBINED DataShop offers the same features as the KCDC DataShop in which the

data from KASCADE, GRANDE, the central Calorimeter and LOPES were published.

9.1 COMBINED DATA SHOP OVERVIEW

To have access to the KCDC COMINED Data Shop you need to be a registered user as described
in chapter 10 of the “KCDC User Manual”. You enter the Data Shop via the ‘Data Shops’ Menu

Item on the KCDC Homepage (https://kcdc.iap.kit.edu/ ) where you can either submit a new

request within the former ‘KASCADE’ DataShop, or the newly added ‘COMBINED’ DataShop.

Furthermore, you can ‘Review’ your earlier requests or select one of the ‘Data Preselections’

for direct download.
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COMBINED Data Shop

On the right hand side of the shop page invoked by ‘COMBINED’ an information box (orange)
is located with some simple helps to find your way through the KCDC Data Shop. This box
changes when you hover for example over the detector components or later over quantities

and cuts.

The link included at the bottom of the ‘Welcome to the DataShop’ info box will open this
manual which holds detailed descriptions on the KASCADE and GRANDE detector compo-
nents, quantities available and a short way how these quantities are gained from the param-

eters recorded with the KASCADE-G experiment.
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9.2 USER DEFINED SELECTIONS

The column ‘Components Available’ holds a list of the detector components of COMBINED
DataShop from which quantities are presently available for selection and download. The col-
umn ‘Components Selected’ holds a list of the detector components selected by the user to

select quantities from and to apply cuts to.

To shift a component from ‘Components Available’ to ‘Components Selected’ and vice versa

press the blue arrow of the respective component.

‘General Info’ holds all important event information. As the quantities ‘Run Number’ and
‘Event Number’ from ‘General Info’ cannot be deselected ‘General Info’ will always be selected

too.
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Pressing the ‘General Info’ button opens a list of all available quantities with information on
their ranges. Here you can select quantities for download and apply cuts by pressing the ‘Add

Cut’ button for the respective quantity.

For technical reasons all data arrays published from all components are placed in ‘General

Info’. No cuts can be applied on these quantities.
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9.3 USER DEFINED CuUTS

To select only a subsample of the KASCADE data available you can apply your own cuts on
most of the quantities. No cuts can be applied on quantities where the ‘Add Cut’ Button is
missing. We do not think that applying cuts makes sense for quantities like ‘Micro Time’ or
‘Event Number’. We do as well not offer the cut option for arrays like ‘Energy Deposits’ or

‘Arrival Times’ at present.
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To check and submit your requests press the ‘Verify & Submit Request’ —Button.

The summary page gives an overview on your quantities selected for each detector compo-

nent and on the cuts applied. Additional information on the cuts is provided as well in the last

column like:

full range the full data range for this quantity is selected
the user has applied cuts which are effective

“di-a-latie the user has applied a cut outside the valid range, this cut has been cor-
rected to be within the limits

cela e the user has applied cuts which is beyond the limits, thus the range has
been corrected and the selection covers now the full range of data
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Fig.9.3.2 Check and submit your requests

9.4 JOB SUBMISSION AND REVIEW

After pressing the ‘Submit’ —button you are redirected to your ‘Review’ page, which holds a
complete list of all your requests, submitted up to now. Details see chapter 9.5. ‘Job Status

Information’.

9.5 JoB STATUS INFORMATION

The ‘Review’ page holds a complete list of all your requests submitted up to now from all

DataShops and enables you to check the present status of your jobs submitted.

Displayed on this page are the date of your request, the data format selected for download

and a job status information as described in the table below.

97



COMBINED Data Shop

v

v

v

-

PENDING
STARTED
REVOKED
SUCCESS
FAILURE
DL EXPIRED

KIT

Karlsruhe Institute of Technology

KCDC Homepage
KCDC Motivation
KCDC Regulations
Information
Announcements
FAQs

User Account

Data Shops
KASCADE
COMBINED

Review Requests
Data Preselections

Simulations
Spectra

Materials

Publications
Report a Bug

Education/Lehre

Fig. 9.5.1

On the ‘Review’ -page you have several buttons to navigate through your requests. Some of

job is in the queue to be started

job has started

job has been cancelled by the user

job has been successfully finished data are ready for download

job has failed for some reason

the link to download your data sets is no longer valid

KASCADE Cosmic Ray Data Centre (KCDC) / Open B
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Resubmit
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Resubmit
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Data Format:

Cancel

Data Format:

Delete
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Delete

Data Format:

Delete

Data Format:

Delete

Data Format:

Delete

Data Format:

Delete
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cancel a running job
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To delete a job which has
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To download a processed
data set wia ftp press
‘Download’. If the status
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access to vyour data is
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[details see KCDC
Manual]
- J
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these buttons may change according to the status of the job.
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Button Description Visibility

Details shows a list of your request as in- switches to ‘Hide’ when
terpreted by the 'worker’ pressed
Resubmit | offers the possibility to resubmit always

your job and change quantities, se-
lections and cuts

Cancel cancel the job only while the job is running

it will change to ‘Delete’ after
the job has finished

Delete delete the complete request only when the job is finished

Download | get the link to download your data | only when successfully fin-
file ished and the download link
has not expired

To get a more detailed list of your requests press the ‘Details’ —button
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COMBINED Air Temperature  range: -20.0 to +50.0 °C full range cuts plre.ss 'Resut_.mit'._Tg
R . cancel a running Jol
: Air Pressure range: 960.0 to 1040.0 hPa full range Tt by A sEam
Review Requests DateTime range: 1998-05-08 to 2013-01-15 full range 'STARTED' press 'Cancel'.
Data Preselections Global Time range: 8.946e+8 to 1.358e+9 sec full range ‘gnear;l_lalete s JDZJ:E';;;‘FEW
» Simulations Mt range: 0.00 to 9.9928 ns full range pruc‘:jesse;:l p‘;ess 'Delete'.‘:|
. To download a processes
Run Number range: 4685 to 4685 user cut I G Ep——
Spectra Event Number range: 1.0 to 4100000.0 full range ‘Download'. If the status
is set to 'DLEXPIRED' the
uuID range: -0 to =] full range e e b (i i)l 5=
Materials . wanished, no further
e/&gamfna, range: 0.0 to 30000 MeV full range access to your data is
S E-Deposit
» Publications possible.
p E-Deposit range: 0.0 to 1000. MeV full range
» Report a Bug Arrival Times range: -1550 to 2550 ns full range E:EEL‘II:I] ==e sEme
Grande Deposit range: 0.0 to 100000. MeV full range
Education/Lehre Grande Arrival range: 1000 to 10000 ns full range
LOPES- )
envelopeTime range: -2500 to -1600 ns full range
LOPES-Height range: 0to &0 pv/m/MHz full range
LOPES-Distance range: 0 to 800 m full range
LOPES-Polar range: to full range
KASCADE
Energy range: 13. to 19. ev full range
[leg10]
Fig. 9.5.2. Details of user selections and cuts
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The information provided here may be different compared to the one displayed on the ‘Verify
& Submit Page’. This is due do the fact that here only the effective ranges are displayed. Over-

lapping user defined cuts like in the above example are merged to one effective cut.

9.6 ADVICES TO USE THE DATA SHOP

Using the KCDC Data Shops efficiently requires a little background knowledge how the Mon-

goDB is accessed and how ‘Cuts’ can speed up your request.

The present MongoDB, which holds the data for the release, PERNTARUS has a size of
about 2 TB which makes it virtually impossible to offer the whole data sample for download.
Therefore, restrictions on the user requests and on the file size are vital to guarantee a smooth
running. The file size shipped to the user is limited to 50GB to keep the load and the network

traffic manageable.

The query to the database uses indices for most of the quantities, which can be applied cuts
on. We do presently not offer the possibility to cut on the data arrays because it would blow

up the query time for the MongoDB enormously.

If you do not exactly know which quantities you need and what cuts to apply, download a
small data sample like the one provided for such cases via the ‘DataShops’ ‘Data Preselections’
page. The sample ‘COMBINED_SmallDataSample_... ROOT’ (or ‘COMBINED_SmallDataSam-
ple_... HDF5' or ‘COMBINED_SmallDataSample_... ASCIl’) holds about 390,000 events
equally distributed over the whole measuring time which corresponds to 1/40™ of the whole

data sample and should enable you to check the effectiveness of your cuts.

Here are some hints:
e restrict the amount of data in your request by applying as many cuts as possible,

e cutting on energy (dismissing low energetic events) is the most effective cut (see table

in chapter 4.1),

e the same applies basically for the Ne- and Ny- quantities,
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e download the sample data (390,000 events) to check your requirements and make a
rough estimation on the number of events (and probably the file size) by applying your

cuts before submitting a request,

e cutting on run number or time is sometimes not a good estimator to deduce the num-
ber of events for the whole data set because not all components have always been

running,

e contact us in case you need some help iap-kcdc@lists.kit.edu.

9.7 TROUBLESHOOTING
9.7.1 ... AGENERAL ERROR INFORMATION OCCURS

Some error information occurring while manoeuvring inside the DataShop is displayed in a red

banner on top. Please act according the hints given there.

9.7.2 ..THE SUBMITTED REQUEST DOES NOT START?

If you have submitted a request correctly but the status information on the ‘Review Page’ is
not switching from ‘pending’ to ‘started’ please try again later. ‘Pending’ indicates that either
there a several requests in the queue waiting to be executed, or that there is problem on the
server side of KCDC. Wait for a couple of minutes and if the error persists, resubmit the re-
qguest using the ‘Resubmit’ button. If the problem remains please report bugs to the KCDC-

Team using the ‘Report a Bug’ feature.

9.7.3 ..THE SUBMITTED REQUEST RETURNS WITH ‘FAILURE’

If you have submitted a request and the job status information returns ‘FAILURE’ please try to
resubmit the request using the ‘Resubmit’ button. If the problem remains please report bugs

to the KCDC-Team using the ‘Report a Bug’ feature.

9.7.4 ...DOWNLOADING A PRESELECTION RETURNS WITH ERROR 421

If you have created a new user account and you want to download a preselection from the
DataShop’s Data Preselection page, an error might occur indicating your home directory is not

available (Error 421). This means that your download directory in the download area has not
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yet been created. A workaround to this problem is to start a ‘New Request’. Once the request

is submitted your download directory is available and the Preselections can be transmitted.
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10 DATA RETRIEVAL PROCESS

10.1 GET YOUR DATA

Once a request has been successfully processed the status will change to ‘SUCCESS’ and a

‘Download’ button will appear.

IT

Karlsruhe Institute of Technology

KCDC Homepage

KCDC Motivation

KCDC Regulations

Information

Announcements

FAQs

User Account

Data Shops
KASCADE
COMBINED

Review Requests

Data Preselections

Simulations

Spectra

Materials

Publications

Report a Bug

Education/Lehre

Fig. 10.1.1

[[juergen ]] | KIT | IKP | HOME | Impressum | admin | logout

User Job Review Page

Your last requests from all Data Shops were:
User Review Page

Submitted: 2020-05-22 16:26:11 UTC, Data Format: ROOT, Status: STARTED This page holds all
requests submitted by
Details Resubmit Cancel the user for all
DataShops.
Submitted: 2020-05-19 12:53:33 UTC, Data Format: ROOT, Status: SUCCESS The 'Details’ button gives
a list of detector
Details Resubmit Delete Download compenents, guantities

and cuts applied as well as
the status information of

Submitted: 2020-05-18 13:42:55 UTC, Data Format:  ASCII, Status: the job.
To resubmit the job with
Details Resubmit Delete Download the same or with different
cuts press 'Resubmit’. To
cancel a running job
Submitted: 2020-05-14 16:13:24 UTC, Data Format:  ROOT, Status: SUCCESS indicated by the status
'STARTED' press 'Cancel’.
Details Resubmit Delete Download To delete & job which has
been successfully
’ processed press "Delete’.
Submitted: 2020-05-11 07:05:12 UTC, Data Format:  ASCII, Status:

To download a processed
data set wvia ftp press
Details Resubmit Delete Download ‘Download’. If the status
is set to 'DLEXPIRED' the
‘Download’ button will be

Submitted: 2020-05-11 06:48:39 UTC, Data Format:  ASCII, Status: SUCCESS vanished, no further
access to your data is
Details Resubmit Delete Download possible.
detail KCDC
Submitted: 2020-05-11 06:46:48 UTC,  Dsta Format:  ASCIT,  Status: h:"au‘:l] e
Details Resubmit Delete Download
Submitted:  2020-05-06 08:10:45 UTC, Data Format: ASCII, Status:
Details Resubmit Delete

KCDC OPEN -BETA - VERSTON PENTARUS 1.0 saseo on: KAOS (1.1.0)

Request successfilly finished 2 ready for ‘Download’

To start download you have to authenticate in the authentication window popping up. The

download link will expire two weeks after the date of submission. After that, the status will

switch to ‘DL EXPIRED’ and the ‘Download’ button will vanish.
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Fig. 10.1.2
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Authentifizierung erforderlich Y

e_. Geben Sie Benutzernamen und Passwaort fr ftp://kedc.ikp.kit.edu ein

Benutzername:  potter

Passwort: eessssssssss

| ok | | Abbrechen |

Download authentication window



11 DATA PRESELECTIONS

If however you are interested in the ‘Preselections’ the DataShop navigation menu offers the
option to download data samples directly without selecting quantities and applying cuts. This
procedure has the advantage that no time consuming access to the mongoDB is necessary and
you will get your data sample immediately. On the other hand, if you know exactly what data
you need to perform your analysis it will be most of the time favourable to get your own ap-
propriate data set even if it takes longer. The ‘Data Preselections’ page holds all predefined
data sets from both DataShops, ‘KASCADE-Grande’ and ‘COMBINED’. Details concerning the
‘KASCADE-Grande’ Preselections are described in the ‘KCDC User Manual’.

11.1 AvAILABLE COMBINED DATA PRESELECTIONS

The tables below show the ‘COMBINED Data Preselections’ available. The ‘SmallDataSam-
ple_..." data set is meant to be used as a test sample for the user to check the requirements
and the cuts. The column size should give you a rough estimation of the file space required.

The ‘Data Preselections’ are invoked via the ‘Data Shops’ menu item.

11.1.1 COMBINED ASCII PRESELECTIONS

ASCII Preselection

Preselection Set Name Description
COMBINED_Re- all COMBINED quantities; 1.2 GB
ducedData_runs_4775- file name: COMBINED_ReducedData_

runs_4775-7039_ASClIl.zip

run range 4775-7039;
15,635,550 COMBINED events;
no data arrays;

no cuts applied,

7039_ASClII

COMBINED_SmallDataSample_ Data sample with every 40% event of the 33 MB
whole COMBINED data set

file name: COMBINED_SmallDataSample_
nA_runs_4775-7039_ASCIl.zip

nA_runs_4775-7039__ ASCII

390,888 events equally distributed;
runs range 4775-7039;
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ASCII Preselection

Preselection Set Name Description

all detector components;
all quantities available;
no data arrays;

no cuts applied;

COMBINED_HighEnergyData_ Data sample with all events > 15.7 [logio eV] | 157 MB

runs_4775-7039_ASCII file name: COMBINED_HighEnergyData_
runs_4775-7039_ASClIl.zip

all quantities;

run range 4775-7039;
1,738,231 events;

no data arrays;

Energy cut 15.7 — 19.0[log10 eV]

COMBINED_LOPES_runs_5534- Data sample with LOPES radio events 258 kB

6821_ASCII file name: COMBINED_LOPES_
runs_5534-6821_ASCIl.zip

run range 5534-6821;
1430 LOPES events;
no data arrays;

no cuts applied,

11.1.2 COMBINED ROOT PRESELECTIONS

ROOT Preselection

Preselection Set Name Description Size
COMBINED_ReducedData_runs_ | all COMBINED quantities; 1.2 GB
4775-7039_ROOT file name: COMBINED_ReducedData_

runs_4775-7039_ROOT.zip

run range 4775-7039;
15,635,550 COMBINED events;
no data arrays;

no cuts applied,
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ROOT Preselection

Preselection Set Name

COMBINED_SmallDataSample_
nA_runs_4775-7039_ROOT

Description

Data sample with every 40t event of the
whole data set

file name: COMBINED_SmallDataSample_
nA_runs_4775-7039_ROOT.zip

390,888 events equally distributed;
runs range 4775-7039;

all detector components;

all quantities available;

no data arrays;

no cuts applied;

33 MB

COMBINED_SmallDataSample_
WA_runs_4775-7039___ ROOT

Data sample with every 40t event of the
whole data set

file name: COMBINED_SmallDataSample_
WA_runs_4775-7039_ROOT.zip

390,888 events equally distributed;
runs range 4775-7039;

all detector components;

all quantities available;

including data arrays;

no cuts applied;

376 MB

COMBINED_HighEnergyData_
runs_4775-7039_ROOT

Data sample with all events > 15.7 [logio eV]

file name: COMBINED_HighEnergyData_
runs_4775-7039_ROOT.zip

all quantities;

run range 4775-7039;
1,738,231 events;

no data arrays;

Energy cut 15.7 — 19.0[log10 eV]

15 MB

COMBINED_LOPES_nA
_runs_5534-6821_ROOT

Data sample with LOPES radio events

file name: COMBINED_LOPES_nA_
runs_5534-6821_ROOT.zip

run range 5534-6821;
1430 LOPES events;
no data arrays;

no cuts applied,

333 kB
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11.1.3 COMBINED HDF5 PRESELECTIONS

HDF5 Preselection

Preselection Set Name Description
COMBINED_ReducedData_ all COMBINED quantities; 1.0GB
runs_4775-7039_HDF5 file name: COMBINED_ReducedData_

runs_4775-7039_HDF5.zip

run range 4775-7039;
15,635,550 COMBINED events;
no data arrays;

no cuts applied,

COMBINED_SmallDataSample_ Data sample with every 40t event of the 27 MB

nA_runs_4775-7039_HDF5 whole data set

file name: COMBINED_SmallDataSample_
nA_runs_4775-7039_HDF5.zip

390,888 events equally distributed;
runs range 4775-7039;

all detector components;

all quantities available;

no data arrays;

no cuts applied;

COMBINED_SmallDataSample_ Data sample with every 40t event of the 647 MB

WA_runs_4775-7039__HDF5 whole data set

file name: COMBINED_SmallDataSample_
WA _runs_4775-7039_HDF5.zip

390,888 events equally distributed;
runs range 4775-7039;

all detector components;

all quantities available;

including data arrays;

no cuts applied;

COMBINED_HighEnergyData_ Data sample with all events > 15.7 [logio eV] | 131 MB

runs_4775-7039_HDF5 file name: COMBINED_HighEnergyData_
runs_4775-7039_HDF5.zip

all quantities;

run range 4775-7039;
1,738,231 events;

no data arrays;

Energy cut 15.7 — 19.0[log1o eV]
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HDFS5 Preselection

Preselection Set Name

Description

COMBINED_LOPES_nA Data sample with LOPES radio events 304 kB

file name: COMBINED_LOPES_nA_
runs_5534-6821_HDF5.zip

run range 5534-6821;
1430 LOPES events;
no data arrays;

no cuts applied,

_runs_5534-6821_HDF5

11.2 GET PRESELECTIONS

From the ‘Data Shops‘— ‘Data Preselections’ page registered users can download data
sets directly just by clicking the respective download button (see fig 11.2.1). ‘details’

holds some detailed information on the respective Data Preselection.

[[juergen ]] | KIT | IKP | HOME | Impressum | admin | logout

U]

Karlsruhe Institute of Technology

KASCADE Cosmic Ray Data Centre (KCDC) / Open

KCDC Homepage

Data Preselections from 'KASCADE' and 'COMBINED'

KCDC Motivation

KCDC Regulations
Data Preselections

This menu offers the
option to download

* Preselections from the "KASCADE' DataShop

*» Information * Preselections from the "COMBINED' DataShop

» Announcements

FAQs

* User Account

Preselections from 'KASCADE'

Data sets

Download Info

preselected data samples
for the detectors
‘KASCADE' and
'COMBINED" directly
without selecting quantities
and applying cuts in the
DataShops.

'details' provides 8 more

* Data Shops ASCIL ROOT HDF5 detailed information poge
of the respective data set.
KASCADE KASCADE_ReducedData_runs_0877-4683_s0c The 'Small Data Samples'
COMBINED offer the opportunity to
all KASCADE-Array quantities in the run range 877-4633, 7.1 GB 6.7 GB 5.9 GB check your own
. i o - - requirements on a samall
Review Requests no cuts applied, no data arrays details details  details 5
Full data sample from the releases VULCAN and :?:fn\ zgﬂﬂiutesdtét\stlﬁ”\f
Data Preselections MERIDIAN The ‘{dwnload'. button
» Simulations KASCADE_ReducedData_runs_4685-7417_xox download ~ download  download g:“‘er‘“for Jsm:‘l:; d fte
Spectra all KASCADE guantities in the run range 4685-7417, 12.8GB  12.3GB  10.8GB [details see KCDC Manual
no cuts applied, no data arrays details details details and  KCDC-Combined
Manual respectively]
Materials KASCADE-
o GRANDE_ReducedData_runs_4775-7398_300¢
» Publications
5.0 GB 3.9 GB 3.2 GB
all GRANDE guantities in the run range 4775-7398, details details details
» Report a Bug no cuts applied, no data arrays
R KASCADE-CALOR_ReducedData_runs_877-5496_xxx
Education/Lehre
all CALORIMETER and KASCADE quantities in the run range 9.8 GB 9.9 GB 6.0 GB
877-5486, details  details  details

Fig. 11.2.1.

no cuts applied, no data arrays

‘Data Preselection’ for direct download




Data Preselections
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12 DATA FORMATS

12.1 ASCII

ASCIl is a plain text data format. The KCDC data sets released with WOLF359 and
VULCAN have only been transferred in ASCll data format. Due to a rapidly increasing num-
ber of parameters and meta information we changed to HDF5 and ROOT file format respec-
tively for coming releases. However, ASCIl will be provided too but only for non-array quanti-
ties. If an array quantity like ‘Muon Energy Deposit’ or ‘Arrival Time’ is selected the ASCII for-

mat button will no longer be available.

For ASCII format up to six files are transmitted, depending on the detector components se-

lected.
infos.txt holds information on your requests, like the quantities se-
lected and the cuts applied
combined.txt data sets of the COMBINED quantities
lopes.txt data sets of the LOPES quantities
general.txt general event information

row_mapping.txt event table, ‘active/inactive’ information on detector com-
ponents

EULA.pdf End User Licence Agreement

As it is possible that one or more detector components are missing in the respective event
(due to for example repair etc.), the file ‘row_mapping.txt’ is provided the user. It contains a

row number for each component and is set to ‘-1’ if the component was missing.

Helps on how to handle the row_mapping information and software examples can be down-

loaded from https://kcdc.iap.kit.edu/materials/ .

12.2 ROOT

ROOT is an object-oriented framework developed by CERN aimed at solving the data analysis

challenges of high-energy physics.
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For ROOT format only three files are transmitted

infos.txt

events.root
EULA.pdf

holds information on your requests, like the quantities selected
and the cuts applied

root data sets for all selected quantities including ‘row_map’
End User Licence Agreement

The root file contains one tree for each detector component and a tree to map the entries for

the selected detector components for each event (see fig. 12.2.1.).
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Data Formats

Fig. 12.2.1.

12.3 HDF5

----- ﬁ conmbined

----- ﬁ gehneral

El_ﬁ*j combined; 1

ROOT -trees example

Hierarchical Data Format (HDF) is a file format designed to store and organize large amounts

of numerical data objects and a wide variety of metadata. HDF is a unique technology suite

that makes possible the management of extremely large and complex data collections with no

limit on the number or size of data objects. HDF is freely available distribution supported by

many commercial and non-commercial software platforms, including Java, C, C++, Fortran 90

and Python. HDF provides a rich set of integrated performance features that allow for access

time and storage space optimizations.

For HDF5 format only three files are transmitted

infos.txt

events.hb5
EULA.pdf

holds information on your requests, like the quantities selected
and the cuts applied

hdf5 data sets for all selected quantities including ‘row_map’

End User Licence Agreement

The h5 file will contain one table for each detector component and a table to map the entries

for the selected detector components for each event (see fig. 12.3.1.).
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[ events s combined at / [events.n5 in C:UsersixaB035WppDatalL ocallTemp\RarSDR00.359] = ol
B combined Table
R general heed
B4 lopes ‘l ‘
5 row_map
 Age | A 3 Ne Nmu | c | v | ze ]|
32561... [287.71322... |17.286: 7.4500627 54334... |-53.856680...-198.21472...|11.934937 w:‘
274 1.86951... [17.212! 7.3542947... |6.264 L EL) E L
125 117487... [16.914100... |7.0157570 general at / [events.n5 in CAUserswaB035\ppDatalLocalTempiRarSDR00.359] &1 i i g =
1563... [241.44093... | 17.397441 .. |7 5667266... 6.
9823.. [51.003604... [17.03260... |7.1512408... [5.07] 1201%
7770...[241.33629...[17.727579...|7.9504628... 6.5 0-based
9487529...[262.971 7.062351..|7.1856784. [ I [
8527 6761 |17 72450998
; Z g 5 Aggg Datetime | Ev ot M P R [ 1 [ wo []
g = =, 7 e 2005-12-0... |29 758 |606354200 24920 |67204580  |deg3as12- ||| e
602 0 T 7.4955320... [6.4¢ gg 12 629 ;g; gg 3 row_map at / [events h5 in C:\Usersag035wppDatalLo.. @ Bd
57 [229.97 7 7 7 ~120.. -
o 7 7 2005-12+ 520 1 Table
. [122 7. .7 . | 2005-12- 25937000 1026.8005... 0-based
5 & 5 5 2005-12- 42 31647400 1026, | I
o3 ous2ee 7 2005-12-1.. (742568 7917340 1
co To0a1a0 7 797052 2005-12-1.. [7545 6622320 5.8095.
= . o 2005 12.1.. [8470 73 azr7as 7 combined | _general lopes A
2. (82316262 _|17.148239 |7 2908940___|6.06) gg 12 7; §§ g;? =
20801...[36.776573...|16.882830... 5.0774480... 5. B
757418, |239 42504 |16.805633 _ |6 8677415 2005-12 il 25289 |344290
30251...[164.96857...|16.869340... |6 9360222... 6.1 2005-12-1... |560078 7 3
7 28494270, [17.139369... 7 7 2005-12-1... [31195 152
7 7 6.979228._ |7 3 2005-12-1...[§7888 5
.. |57 7.833011... 8 79...|6. 2005-12- |§ o3 4 =
i 7 40850 T7 576851 2005123 1589529 7 55
202...[40 6.029252...|7.029853 2006-01-0...[1164726 3 49
0086... [270. 7.231567...|7.380426 2006-01-1... [34508 1297 0 o177
29 [08857448_ (32821866, |17.188987._ |7.3308873._ [6.1d 2006-01-2... (32425 77592 8.2
8893 [55.16 7.001594...|7 2006-01- 76937 40
87832... 326,04 TAT6750...[7.3 suk 79383161555 20.8992.. |
70076 [09969269_ [17.127092_|7 8057 0 0247
55683 [250.03664...[17.111511__|7 8 8578400 __ [1007.9:
34 072422.. |1.3604634...[17.252532.. |1 1128 293523400 |1007.2006
746864.|15.818827._|17.165540__ 7 5924383[194347200_[1007.2005
979 |23843600 2.1998
9822438 28048580 1.4998 8 g B
0223387 326519801 75958 9 9 9
0351371 489245201 35028... 20 20 ’gl
2704627 204547 2 21 21 21
3235849(887011 5 22 22 E
3263726 9 23 2 2
3350017 |663794: 0. [24 [24 24 -
4045601/6873654 3 125 ; ; o
T

Fig. 12.3.1.  HDF5 -tree & data tables example

KCDC provides the HDF5 data format from the release ME&ERIDIAN.

12.4 GENERAL DATA HANDLING

The row_mapping information always provided with the data sets can be used to deselect

time periods where a detector component was missing. In the present status this applies to

the ‘LOPES’ component. A deselected detector component is set to ‘-1’ in the row_mapping

file as shown in the example of fig 12.4.1 where the calorimeter was not active for some time.

The event counter for this component was not increased.

combined general lopes

0 0 -1
1 1 -1

5853930 5853930 -1
5853931 5853931 401

15635548 15635548 -1
15635549 15635549 -1

Fig. 12.4.1. Example of row_mapping.txt’
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If the order of events is important for the analysis (for example if you want to estimate the
effective running time of the experiment by plotting the time difference between two subse-
quent events) you have to sort the data of the ASCII data file. As the run number [R] and the
event number within one run [Ev] are both in increasing orders in time, a combination of those
two quantities, which are for various reasons always shipped with the data, gives a correct
sequence of the data sets. If the Global Time [GT] is selected it can be used in the same way

to sort the data sample.

12.5 PROBLEMS WHILE HANDLING THE DATA FILES
12.5.1 WARNING WHEN OPENING ROOT FILES

The root files are created using the ‘ROOT 6’ version. If you open the events.root file with a
different version you might get some warnings as outlined below which can be ignored.

root [1] Warning in <TStreamerInfo::BuildCheck>:
The Streamerinfo of class TTree read from file events.root
has the same version (=19) as the active class but a different checksum.
You should update the version to ClassDef(TTree,20).
Do not try to write objects with the current class definition,
the files will not be readable.

Warning in <TStreamerinfo::CompareContent>: The following data member of
the on-file layout version 19 of class 'TTree' differs from
the in-memory layout version 19:

double fWeight; //

12.5.2 32-BIT LINUX SYSTEMS

As the files transmitted can be rather large, we strongly recommend using a 64-bit system.
There is p.e. a 2GB file-size limit in LINUX. This limit is deeply embedded in the versions of

Linux for 32-bit CPUs so there is no workaround for this situation.
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13 DATA SET HISTORY

The data set history for all KCDC releases up to now can be found in detail in the “KCDC User
Manual”. This chapter holds information on the data sets (Quantities) published in the new

release ‘PENTARUS' and the Combined Data Analysis.

13.1 DATA SETS FOR PENTARUS

The data sets for the KASCADE-Grande Combined Data Analysis published with KCDC release
PENTARUS were recorded between 8.3.2004 and 4.11.2010, thus covering only a part
of the whole measuring period of KASCADE and KASCADE-Grande. The data were recorded
with the KASCADE and the Grande Array detectors. The events were processed with the KAS-
CADE reconstruction program KRETA, Version V1.19/09 (Library compiled 20160216). The
event selection is based on the requirements listed below, invoked by cuts adapted during

data pre-processing using KRETA version V1.18/05.

In addition data recorded with the LOPES radio detection devices have been included as
‘LOPES’. As the radio data were not part of the KASCADE data stream, the events have been
merged offline by means of the transmitted time stamps. LOPES data were recorded in the
time range 25.7.2005 (Run 5534) to 26.10.2009 (Run 6821). From this period, 1430 events

survived all quality cuts and have been added to the KCDC DataShop.

In the table below the number of events published for the two detector components are

listed.

R T
COMBINED 15,635,550
LOPES 1,430
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13.1.1 COMBINED DATA SETS

The COMBINED Quantities published in PENTARUS are described in the table below.

I
- |
e -
i
o -
e -
[ -

13.1.2 GENERAL DATA SETS

T -
:
. -
T -
C -
P

1

18

Full Range

15.0 to 18.0

(log10) eV

-520.0m to +10.0m
-600.0m to +10.0m
0.0° to 30.0°

0.0° to 360.0°

5.0 to 9.0 (logl0)
3.0 to 8.0 (log10)

0.15 to 1.48

8.3.2004-4.11.2010
1,078,737,917 - 1,288,855,193 s
0.0 to 999,999,999.0

4775 to 7039

1.0 to 4,100,000.0

-20.0° to +50.0°C

960.0 to 1040.0 hPa

random number
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13.1.3 LOPES RADIO ANTENNA DATA SETS

The complete ranges of the LOPES Quantities published in PENTARUS are described in

—+
>
™
~+
Q)
=2
™
o
D
S)
3

Azimuth East-West

Azimuth North-South

Elevation East-West

Elevation North-South

CC Height East-West

CC Height North-South

X Height East-West

X Height North-South

Cone Angle East-West

Cone Angle North-South

NCC Beam Antenna East-
West

NCC Beam Antenna
North-South

Eta North-South

Eps North-South

Geomagnetic Angle

Reconstruction Index

[E=N

19

E-FieldMax
Azimuth EW
Azimuth NS
Elevation EW
Elevation NS
CC Height EW
CC Height NS
X Height EW
X Height NS
ConeAngle EW
ConeAngle NS

NCCbeamAnt EW

NCCbeamAnt NS

Eta EW

Eta NS

Eps EW

Eps NS
Geomag_Angle

Reconstruction

0-50,000 V/m
0-360°

0-360°

40 -90°

40 -90°

0 - 20 uV/m/MHz
0-20 pwv/m/MHz
0-20 pv/m/MHz
0-20 pwv/m/MHz
0 —0.1rad

0 —0.1rad

-0.04-0.11/m
-0.04-0.11/m
0-100 uvV/m/MHz
0-100 uV/m/MHz
0-120°

650r71[AorG]



Data Set History

LOPES envelope -2500 —-1600 ns
Time

m LOPES-Height 0-60 uV/m/MHz

m LOPES-Distance 0-800m

LOPES-Polar NS or EW or both

The parameter LopesComplD was introduced as an identifier for data sets, which contain

LOPES events.
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15 GLOSSARY

CC-Beam

CORSIKA

CRES

KAOS
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The CC-Beam (cross-correlation beam) is the result of the interferometry
combination of radio antennas. This is done by calculating the cross-correla-
tion of all antenna pairs. So each signal of one antenna is multiplied by the
signals of all other antennas. These values are then averaged. The square root
is thus the value of the CC beam, keeping the sign as the sign of the CC beam.
This indicates whether the original signals were coherent or not. The CC beam
of a coherent signal is always positive, while incoherent noise gives a value
close to zero, as contributions of different signs are averaged out. An anti-

phase signal in the antenna pairs provides a negative value for the CC beam.

CORSIKA (COsmic Ray SImulations for KAscade ) is a program package for de-
tailed simulation of extensive air showers initiated by high-energy cosmic ray
particles. Protons, light nuclei up to iron, photons, and many other particles

may be treated as primaries.

The particles are tracked through the atmosphere until they undergo reac-

tions with the air nuclei or - in the case of instable secondaries — decay.

CRES (Cosmic Ray Event Simulation) is code package for the simulation of the
signals / energy deposits in all detector components of KASCADE/KASCADE-

Grande as response to an extensive air shower as simulated with CORSIKA.

KAOS is the acronym for Karlsruhe Astroparticlephysics Open data Software.
It has been written in the context of the KASCADE Cosmic Ray Data Centre
(KCDC), a web portal designed for the publication of scientific data recorded

with the KASCADE experiment. KAOS is implemented using a plugin-based de-

sign with a focus on easy extensibility and modifiability in order to work also

outside the context of KCDC.


https://kcdc.ikp.kit.edu/
https://web.ikp.kit.edu/KASCADE/

Glossary

KRETA

MIP

P-Beam

Quantity

SDC
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KRETA (Kascade Reconstruction of Extensive Air showers) is the main data
analysis engine of the KASCADE/KASCADE-Grande Experiment. KRETA is writ-
ten in Fortran77 and makes extensive use of the CERN library and its various

software packages.

Minimum ionizing particles (MIPS) are charged particles, which embody the
minimum ionizing losses in substances. This situation occurs when the kinetic
energy of particles is at least twice larger than their rest mass. For example,
electrons (or protons) can be considered as minimum ionizing particles when
their kinetic energy is greater than 1 MeV (or GeV 2). Since the ionization
losses of these particles are only weakly dependent on their momentum, it is
generally accepted that minimum ionizing particles produce an even distribu-
tion of free charge carriers along their paths. Muons for example suffer an

energy loss of roughly 1.5 MeV/cm when passing through a plastic scintillator.

The P-beam (power beam) is calculated as the root of the average power of
all antennas, which is always positive. However, it cannot be determined

whether a signal is coherent or not.

The KASCADE variables published in the KCDC web portal are called quantities

Shower Disc Coordinates. The sketch below illustrates how the radii R1 and

R2 are calculated in SDC.



Glossary

KASCADE
Station

ZEBRA ZEBRA is a memory management system and part of the CERN library. ZEBRA
allows a dynamic creation of data structures at execution time as well as the

manipulation of those structures.
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16 APPENDIX

16.1 APPENDIX A

Correlation between station ID as given in the data arrays and the x- and y-positions in KAS-
CADE coordinates. The positions are given in [m]. The column ‘Detect’ shows the detectors
installed (number of e/y and p detectors). The red numbers indicate that the station is dislo-
cated from the regular grid. Four stations in the centre of the KASCADE array are missing, their
positions are blocked by the central calorimeter. The scheme of the nomenclature is illus-

trated in fig. A.1.

X- Y-Position X- Y-Position X- Y-Position
[m] [m] [m]

1 -97.5/-97.5 2e/y&4u 8  -19.5/-45.5 4efy 169 6.5/32.5 defy

2 -84.5/-97.5 2e/y&4u 86 -6.5/-45.5 defy 170 19.5/32.5 defy

3 -84.5/-84.5 2e/y&4u 87 -6.5/-32.5 defy 171 19.5/45.5 defy

4 -975/-845 2e/y&4p 88  -19.5/-32.5 4dely 172 6.5/45.5 4dely

5 -715/-975 2e/y&4p 89  -19.5/-19.5 4dely 173 58.5/6.5 2e/y&4p
6 -58.5/-97.5 2e/y&4p 90 -6.3 /-18.5 4dely 174 71.5/6.5 2e/y&4p
7 -58.5/-84.5 2e/y&4u 91 -19.5/-6.5 defy 175 715/195 2e/y&4u
8 -71.5/-84.5 2e/y&4u 92  -455/-19.5 defy 176 58.5/19.5 2e/y&4u
9 -71.5/-71.5 2e/y&4u 93  -32.5/-19.5 defy 177 84.5/6.5 2efy&4p
10 -585/-715 2e/y&4p 94 -32.5/-6.5 4dely 178 97.5/6.5 2ely&4u
11  -58.5/-585 2e/y&4pu 95 -45.5/-6.5 4dely 179 97.5/19.5 2e/y&4u
12 -715/-585 2e/y&4p 96 6.5 /-45.5 4dely 180 84.5/19.5 2e/y&4u
13  -975/-715 2ef/y&4p 97 19.5/-45.5 defy 181 84.5/325 2ely&4p
14  -845/-715 2ef/y&4p 98 19.5/-32.5 defy 182 97.5/325 2e/y&4p
15 -845/-585 2ef/y&4p 99 6.5/-32.5 defy 183 97.5/455 2el/y&4p
16 -97.5/-585 2e/y&4p 100 32.5/-455 4dely 184 84.5/455 2e/y&4u
17  -455/-975 2e/y&4p 101  455/-455 4dely 185 58.5/32.5 2e/y&4u
18 -325/-975 2e/y&4p 102 455/-32.5 4ely 186 71.5/325 2e/y&4u
19 -325/-845 2ef/y&4p 103 32.5/-325 4efy 187 71.5/455 2e/y&4u
20 -455/-845 2e/y&4u 104 32.5/-195 4efy 188 58.5/455 2e/y&4u
21 -195/-975 2e/y&4u 105 45.5/-19.5 4efy 189 -97.5/585 2e/y&4u
22 -6.5/-975 2e/y&4u 106 45.5/-6.5 4ely 190 -84.5/585 2e/y&4u
23 -6.5/-845 2e/y&4u 107 32.5/-6.5 4ely 191 -845/715 2e/y&4u
24 -195/-845 2e/y&4u 108 7.5/-19.5 4ely 192 -975/715 2e/y&4u
25 -195/-715 2e/y&4u 109 19.5/-19.5 defy 193 -715/585 2e/y&4u
26 -6.5/-71.5 2e/y&4p 110 19.5/-6.5 defy 194 -585/585 2e/y&4u
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27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

128

X- Y-Position

[m]

-6.5/-58.5
-19.5/-58.5
-45.5/-71.5
-32.5/-71.5
-32.5/-58.5
-45.5 /-58.5
6.5/-97.5
19.5/-97.5
19.5/-84.5
6.5/-84.5
32.5/-97.5
45.5/-97.5
45.5/-84.5
32.5/-84.5
32.5/-71.5
45.5/-71.5
45.5/-58.5
32.5/-58.5
6.5/-71.5
19.5/-71.5
19.5/-58.5
6.5 /-58.5
58.5/-97.5
71.5/-97.5
71.5/-84.5
58.5/-84.5
84.5/-97.5
97.5/-97.5
97.5/-84.5
84.5/-84.5
84.5/-71.5
97.5/-71.5
97.5/-58.5
84.5/-58.5
58.5/-71.5
71.5/-71.5
71.5/-58.5
58.5/-58.5
-97.5/-45.5

2ely&4p
2e/y &4p
2e/y&4p
2e/y &4p
2ely&4p
2ely &4p
2ely&4p
2e/y&4p
2e/y &4p
2e/y&4p
2ely &4p
2ely&4p
2ely &4p
2e/y&4p
2e/y&4p
2e/y&4p
2ely &4p
2ely &4p
2ely &4p
2e/y &4p
2e/y&4p
2e/y&4p
2e/y &4p
2e/y &4p
2e/y &4p
2e/y&4p
2e/y&4p
2e/y&4p
2ely &4p
2e/y &4p
2ely&4p
2ely&4p
2e/y&4p
2e/y&4p
2ely&4p
2ely&4p
2ely&4p
2e/y&4p
2e/y&4p

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

X- Y-Position

[m]

58.5/-45.5
71.5/-45.5
71.5/-32.5
58.5/-32.5
84.5/-45.5
97.5/-45.5
97.5/-32.5
84.5/-32.5
84.5/-19.5
97.5/-19.5
97.5/-6.5
84.5/-6.5
58.5/-19.5
71.5/-19.5
71.5/-6.5
58.5/-6.5
-97.5/6.5
-84.5/6.5
-84.5/19.5
-97.5/19.5
-71.5/6.5
-58.5/6.5
-58.5/19.5
-71.5/19.5
-71.5/32.5
-58.5/32.5
-58.5/45.5
-71.5/45.5
-97.5/32.5
-84.5/32.5
-84.5 /45.5
-97.5 / 45.5
-45.5/6.5
-32.5/6.5
-32.5/19.5
-45.5/19.5
-19.5/6.5
-6.3/24.5
-19.5/19.5

2efy&4u
2ef/y&4u
2ef/y&4u
2ef/y&4u
2efy&4u
2efy&4u
2efy&4u
2ef/y&4u
2ef/y&4u
2ef/y &4
2efy&4u
2efy&4u
2efy&4u
2ef/y &4
2ef/y &4
2ef/y &4
2efy&4u
2efy&4u
2efy&4u
2efy&4u
2efy &4
2efy &4
2efy&4u
2efly&4u
2efy&4u
2efy&4u
2efy &4
2efy &4
2efy&4u
2efy&4u
2ely &4u
2efy&4u
defy
4efy
4dely
4ely
4ely
defy
defy

196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233

X- Y-Position

[m]

-58.5/71.5
-71.5/71.5
-71.5/84.5
-58.5/84.5
-58.5/97.5
-71.5/97.5
-97.5/84.5
-84.5/84.5
-84.5 /97.5
-97.5 /97.5
-45.5/58.5
-32.5/58.5
-32.5/71.5
-45.5/71.5
-19.5/58.5
-6.5/58.5
-6.5/71.5
-19.5/71.5
-19.5/84.5
-6.5/ 84.5
-6.5/97.5
-19.5/97.5
-45.5/84.5
-32.5/84.5
-32.5/97.5
-45.5 /97.5
6.5/58.5
19.5/58.5
19.5/71.5
6.5/71.5
32.5/58.5
45.5 / 58.5
45.5/71.5
32.5/71.5
32.5/84.5
45.5/84.5
45.5/97.5
32.5/97.5
6.5/84.5

2efy&4p
2e/y&4p
2ef/y&4u
2e/y&4p
2efy&4p
2efy&4p
2efy&4p
2e/y&4p
2ef/y&4p
2efy&4p
2ely &4u
2efly&4u
2ely&4p
2ef/y&4p
2efy&4p
2ef/y&4p
2efly&4u
2efly&4u
2efly&4u
2e/y&4p
2ef/y&4p
2efy&4p
2ely &4u
2ely&4u
2ely&4u
2e/y&4p
2ef/y&4p
2efy&4p
2ely &4u
2ely&4u
2ely &4u
2efy&4p
2efy&4p
2efy &4p
2ely&4u
2ely &4u
2ely &4u
2efy&4p
2efy&4p
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66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84

129

X- Y-Position

[m]

-84.5/-45.5
-84.5/-32.5
-97.5/-32.5
-71.5/-45.5
-58.5/-45.5
-58.5/-32.5
-71.5/-32.5
-71.5/-19.5
-58.5/-19.5
-58.5/-6.5
-71.5/-6.5
-97.5/-19.5
-84.5/-19.5
-84.5/-6.5
-97.5/-6.5
-45.5 /-45.5
-32.5/-45.5
-32.5/-32.5
-45.5/-32.5

2ely&4p
2e/y &4p
2e/v&4u
2e/y &4p
2e/v&4u
2ely &4p
2ely&4p
2e/y&4p
2e/y &4p
2e/y&4p
2ely &4p
2e/v&au
2ely &4p
2e/y&4p
2e/y&4p
dely
4efly

4efy
defy

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168

X- Y-Position

[m]

-19.5/32.5
-6.5/32.5
-6.5/45.5

-19.5/45.5

-45.5/32.5

-32.5/32.5

-32.5/45.5

-45.5/45.5
19.5/6.5
19.5/19.5
10.2/24.1
32.5/6.5
45.5/6.5
45.5/19.5
32.5/19.5
32.5/325
45.5/32.5
45.5/45.5
32.5/45.5

4dely
4efy
defy
defy
4dely
4dely
4dely
4efy
defy
defy
4dely
4dely
4dely
defy
defy
4efy
4dely
4dely
4dely

234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252

X- Y-Position

[m]

19.5/84.5
19.5/97.5
6.5/97.5
58.5/58.5
71.5/58.5
71.5/71.5
58.5/71.5
84.5/58.5
97.5/58.5
97.5/71.5
84.5/71.5
84.5/84.5
97.5/84.5
97.5/97.5
84.5/97.5
58.5/84.5
71.5/84.5
71.5/97.5
58.5/97.5

2efy&4p
2e/y&4p
2ef/y&4u
2e/y&4p
2efy&4p
2efy&4p
2efy&4p
2e/y&4p
2ef/y&4p
2efy&4p
2ely &4u
2efly&4u
2ely&4p
2ef/y&4p
2efy&4p
2ef/y&4p
2efly&4u
2efly&4u
2efly&4u
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python-code to calculate x- and y-positions from the station IDs

def get_station_locs():

dstcl = 5200. // width of array cluster
dstga = 2600. // width of one sub-cluster
dstas = 1300. // distance between stations
sddy =[-1.,-1.,1., 1.] // count matrix X
sddx=[-1.,1.,1.,-1.] // count matrix Y

iasn=0

real_iasn =0

stations = {}

foricl in range(1, 17):
ycl = (float(floor((icl-1)/4))-1.5)*dstcl
xcl = (float(fmod(icl-1, 4))-1.5)*dstcl

for jin range(0,4):
yqa = ycl + 0.5 * dstga*sddy(j]
xga = xcl + 0.5 * dstqa*sddx([j]
for k in range(0,4):
yas = yqa + 0.5 * dstas*sddy[k]
xas = xga + 0.5 * dstas*sddx[k]
jiasn +=1

if yas < -dstas or yas > dstas or xas < -dstas or xas > dstas:
real_iasn +=1
iccdd =icl * 100 + fmod(iasn-1, 16) + 1

# stations dislocated from the regular grid

if iccdd == 610: #1D 90
xas += 23.0
yas += 100.

elificcdd == 713: #1D 108
xas += 100.

elif iccdd == 1007: #ID 148
xas += 20.
yas +=495.9

elif iccdd == 1104: #1D 160
xas += 366.5
yas +=461.0

stations[str(real_iasn)] = [xas/100., yas/100.]
return stations
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16.2 APPENDIX B

Correlation between the GRANDE station ID as given in the Grande data arrays and the x- and
y-positions in KASCADE coordinates. The positions are given in [m] in reference to the KAS-
CADE array centre. The red numbers indicate that the station has been moved during the life-

time of Grande.

Date of validity for the positions given in the table below is 20.12.2003 - 5.11.2012

m X- Y- Z-Position [m] m X- Y- Z-Position [m] m X- Y- Z-Position [m]

1 -0.14 / 65.33 / 2.47 -260.09 /-136.2 / 1.52 -533.7 /-409.1 / 0.87
2 -131.3 /70.87 / 2.05 15 -377.5/-145.0/ 1.67 28 101.2 /-507.6 / 1.74
3 -257.0/101.7 / 1.96 16 -481.5 /-155.5/1.83 29 -24.72 /-507.6 / 1.90
4 -384,8/96.12/ 0.84 17 44.09 /-276.6 / 1.65 30 -196.5 /-504.1/1.81
5 -499.6 /95.51/1.81 18 -95.83/-276.0 / 1.29 31 -317.9/-529.2/1.84
6 64.48 /-42.03 / 1.15 19 -195.4 /-272.6 / 1.63 32 -443.3 /-525.9 / 1.95
7 -64.99 /-41.42 / 1.11 20 -319.8 /-267.6 / 1.92 33 -566.5 /-526.4 / 0.63
8 -211.2 /-40.54 / 1.47 21 -481.5 /-234.9 /1.59 34 -111.9 /-654.9 / 1.90
9 -329.0/-49.29/1.86 22 -608.3 /-281.8 /0.94 35 -275.0/-645.4 /1.71
10 -426.1/-7.66 / 1.46 23 2479 /-391.3 /1.32 36 -389.1/-653.3/1.71
11 -569.8 / 46.42 / 1.90 24 -112.9/-383.6 / 1.66 37 -517.9 /-620.8 / 1.96
12 24.21/-156.6 /1.31 25 -249.8 /-392.0/1.48

13 -140.1 /-143.8 / 1.53 26 -386.5/-382.1/1.84

16.2.1 MODIFICATIONS OF THE GRANDE STATION POSITIONS

Stations 8 and 30 had to be moved from their original locations by several meters. Their posi-

tions and the matching dates of validity are outlined in the table below.

-211.2 /-40.54 / 1.47 20.12.2003 00:00 23.09.2005 12:00
8 -224.4 / -33.68 / 2.03 23.09.2005 12:00 5.11.2012 23:59
30 -196.5 /-504.1 /1.81 20.12.2003 00:00 11.05.2011 00:00
30 -193.9/-525.0/1.81 11.05.2011 00:00 5.11.2012 23:59
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16.3 APPENDIX C

Correlation between the LOPES antenna ID as used in LOPES and the x- and y-positions in

LOPES- (C.1) and KASCADE-coordinates (C.2).

16.3.1C.1 - LOPES COORDINATES

H X-Position [m] Y-Position [m] Z-Position [m]

1 79.73 -45.60 1.12

2 111.59 -63.98 1.05 EW
3 36.31 -84.52 1.19 NS
4 54.80 -52.61 1.13 EW
5 22.72 -34.17 1.07 EW
6 22.72 -34,17 1.07 NS
7 2.18 41.15 1.21 NS
8 34.48 22.88 1.16 EW
9 72.72 -20.68 1.06 EW
10 91.02 11.28 0.96 NS
11 -64.10 -111.95 1.27 NS
12 -45.77 -79.76 1.30 EW
13 -84.46 -36.48 1.35 EW
14 -52.31 -54.49 1.25 NS
15 -91.37 -11.36 1.38 NS
16 -72.91 20.41 1.47 EW
17 -111.81 63.48 1.53 EW
18 -79.92 45.56 1.53 NS
19 -34.37 -22.83 1.28 EW
20 -34.37 -22.83 1.28 NS
21 -13.70 -97.84 1.53 EW
22 4.51 -65.93 1.50 EW
23 -41.18 2.16 1.32 NS
24 -22.79 33.43 1.21 EW
25 -61.46 77.65 1.43 EW
26 -29.63 59.18 1.28 NS
27 -7.55 -127.63 1.39 NS
28 -7.55 -127.63 1.39 EW
29 -13.70 -97.84 1.53 NS
30 4.51 -65.93 1.50 NS
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In LOPES coordinates the positions of the antennas are given in [m] with reference to the
KASCADE array centre. But unlike the KASCADE coordinate system, the X-axis points north, the
Y-axis points east and the system rotates anti-clockwise. The red numbers indicate that the

antenna has been moved during the lifetime of LOPES as outlined in the table below.

16.3.2C.2 - KASCADE COORDINATES

H X-Position [m] Y-Position [m] Z-Position [m]

1 -62.60 56.24 1.12

2 -91.08 90.83 1.05 EW
3 -91.09 12.80 1.19 NS
4 -65.17 39.04 1.13 EW
5 -38.94 12.93 1.07 EW
6 -38.94 12.93 1.07 EW
7 39.12 12.93 1.21 NS
8 13.00 39.28 1.16 EW
9 -39.08 64.72 1.06 EW
10 -13.06 90.78 0.96 NS
11 -91.15 -91.29 1.27 NS
12 -64.91 -65.13 1.30 EW
13 -12.98 -91.08 1.35 EW
14 -38.81 -64.80 1.25 NS
15 13.07 -91.14 1.38 NS
16 38.86 -64.97 1.47 EW
17 90.65 -91.17 1.53 EW
18 64.98 -65.12 1.53 NS
19 -12.98 -39.16 1.28 EW
20 -12.98 -39.16 1.28 EW
21 -90.80 -38.95 1.53 EW
22 -64.79 -12.99 1.50 EW
23 12.91 -39.16 1.32 NS
24 38.25 -13.19 1.21 EW
25 91.08 -38.87 1.43 EW
26 64.89 -13.02 1.28 NS
27 -121.14 -40.85 1.39 NS
28 -121.14 -40.85 1.39 NS
29 -90.80 -38.95 1.53 EW
30 -64.79 -12.99 1.50 EW
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In KASCADE coordinates the positions of the antennas are as well given in [m] with reference
to the KASCADE array centre, but in this coordinate system, the X-axis points east, the Y-axis
points north and the system rotates clockwise. The red numbers indicate that the antenna has

been moved during the lifetime of LOPES as outlined in the table below.

16.3.3 C.3 - MODIFICATIONS OF THE LOPES ANTENNA POSITIONS

In the beginning of the measurements called ‘LOPES-30’ (see fig. C.3.1) all antennas were
aligned in East-Western direction. These alighnments have been changed for several antennas

but their positions remained unchanged.

alignment moved to NS

10.8.2006 12:00

end of measurement

29 alignment moved to NS 10.8.2006 12:00 end of measurement
30 alignment moved to NS 10.8.2006 12:00 end of measurement
3 alignment moved to NS 8.12.2006 10:44 end of measurement
6 alignment moved to NS 8.12.2006 10:44 end of measurement
7 alignment moved to NS 8.12.2006 10:44 end of measurement
10 alignment moved to NS 8.12.2006 10:44 end of measurement
11 alignment moved to NS 8.12.2006 10:44 end of measurement
14 alignment moved to NS 8.12.2006 10:44 end of measurement
15 alignment moved to NS 8.12.2006 10:44 end of measurement
18 alignment moved to NS 8.12.2006 10:44 end of measurement
20 alignment moved to NS 8.12.2006 10:44 end of measurement
23 alignment moved to NS 8.12.2006 10:44 end of measurement
26 alignment moved to NS 8.12.2006 10:44 end of measurement
27 alignment moved to NS 8.12.2006 10:44 end of measurement
29 alignment moved to NS 8.12.2006 10:44 end of measurement
30 alignment moved to NS 8.12.2006 10:44 end of measurement
1 alignment moved to NS 24.1.2007 13:15 end of measurement
19 interchanged with ant-20 17.1.2008 11:40 end of measurement
20 interchanged with ant-19 17.1.2008 11:40 end of measurement
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LOPES 30

February 2005

<€ >
2.12.2005 - 26.10.2009
Fig.C.3.1 Overview of the different LOPES setups and the time range where data
are available in KCDC

Before December 2005 no proper amplitude calibration is available and after October 2009
the reconfiguration to the Tripole setup started and due to the different antenna type no com-

bined analysis was done.
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