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Astroparticle Physics:

Understanding the
Multi-Messenger and
the Dark Universe

This requires a
combination of the
measurements of the
globally distributed
experiments

experiment-overarching
Data Management needed!
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Multi-Messenger Astroparticle Physics

= a major pillar in High-Energy Astroparticle Physics
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. Waves

* Required to understand the
sources of cosmic rays and the L
physics processes in the high- =
energy Universe s

source

* Needs long-term operational
observatories

» Benefits from synergies in
simulation and reconstruction
(Big Data Analytics)

* Needs common data
description and access
(Research Data Management)

* Fosters Open Data common
platforms (Data Curation)
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Vision and Mission

Analysis and Data Center in Astroparticle Physics

Data Simulations Real-time GBen
“E8 Analysis & Methods alerts & P
availability access

development analysis

Partly realized in individual
experiments
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KASCADE
KArlsruhe Shower Core and Array DEtector

High energy cosmic ray measurements
by detection of air showers

physics topics:

- sources, acceleration mechanisms and propagation of cosmic rays
- knee structure of the energy spectrum

- search for anisotropy in the incident direction

- hadronic interactions in the atmosphere

-- and more.....

Data collection from
1993 to 2013
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KASCADE Cosmic ray Data Centre

y#KCDC_KIT

® Motivation and ldea of KCDC:
® public access to the data
® data has to be preserved for future generations

® Web portal: " Welcome to kede
® modern software solution e R
B release the software as Open Source -
® educational courses

® Data access:

[[juergen1] | KIT | TAP | HOME | Impressum | admin | logout

5 .
KASCADE Cosmic Ray Data Centre (KCDC) / Open |

i
of the KASCAD

CA d GRANDE dete:
1 was the MAKET ANI DataShop, which c 's data from the MAKE!'ANI
xperiment at M

B 4.3-108 EAS events (KASCADE, -Grande, —

LOPES)
® Metadata 7 e
B simulation data KaflsruﬁAessct%E\L&ertore 7 ’

and Arrey Detector
. Spectra t‘theKcDCupdatesxA\RAGANhasbeenrekasedonFebrua:::S::f;mNW”mLa-‘"u":mos{LL‘,)
® Pioneering work in publishing research data in https://kcdc.ikp kit.edu/
astroparticle physics [J.Phys.Conf.Ser. 632 (2015) 012011]

[EPJ C78 (2018) n0.9, 741 ]
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KCDC in a nutshell

providing open access to astroparticle physics research data

7

as required by funding agencies

» data provider

« follows the “Berlin Declaration on Open Data and Open Access”
* free, unlimited, open access to KASCADE cosmic ray data
* selection of fully calibrated quantities and detector signals

* reliable data source
» UUIDs
* guaranteed data quality

e information platform

* experiment description

* meta information for data analysis

* physics background

* use of modern and open source web technologies
e tutorials (focused on teachers and pupils)

* spectra (high level results)

 as long-term digital data archive

e archive of software and data
» for the collaboration
« for the public
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KCDC data shop Law and Order

[[juergen]] | KIT | TAP | HOME | Impressum | admin | logout [[juergen ]] | KIT | IAP | HOME | Impressum | admin | logout

AT

Karlsruhe Institute of Technology

AT

Karlsruhe lnstitute of Technology

KCDC Homepage

KD Motivation KASCADE Data Shop e Legal Aspects of KCDC and Privacy Policy

KCDC Motivation

Keoc i Quantities and Cuts. 1 n KCDC Regulations

Available Selected Welcome  to  the
» KASCADE Datashop
[cawoe |®©  [Geremitra] [ Toggle alt KASCADE S s ¥ 1afocmation * Regulations - Legal aspects of KCDC
¥ Aamoumcements (] [JEnergy farge: 13t 15 eV (1510 Rich selteactm:ﬁtl:l; T " « Privacy Policy at KCDC
FAQs (] (X Core Position  range: 5% to 51 m e W e e
(] Y Core Position  range: <51 to 51 m o Sg‘;;: R End User Licence Agreement for using the KCDC webportal and the KCDC data (EULA)
> User Account :
i’ y 5 additional information.
[lzenith angle  range: 00 50 L= | G ralected, dick on . (User Accoust This EULA provides the rights and duties of the usage of the KASCADE Cosmic Ray Data Centre (KCDC) webportal
> Data Shops [) Acimuth Angle  ranse: o to 360 the components name (hereinafter called WEBPORTAL) as well as the corresponding scientific KCDC data (hereinafter called DATA).
to view and select » Data Shops The Karlsruhe Institute of Technology (KIT) is the owner of the WEBPORTAL which contains DATA, as well as
KASCADE [ lectron Number ranse: 2 50 87 [sic] aZSe SHES e printable materials about KCDC and oniine or electronic documentation about KCDC (hereinafter called
g [ MecnMomber age: 2 t5 77 pogioy s o » Simulations DOCUMENTS), and related modules (hereinafter called SERVICES) of KCDC.
k _ components.
Maket-Ani [ Shower Age (ol BEnRisis 2608 In right most column, Spectra Please read this EULA carefully. By using the WEBPORTAL or by using any SERVICES or by downloading DATA, you
you can select quantities (You, as the licencee, are hereinafter called YOU) agree that this EULA is enforceable like any written contract signed
Review Requests 5 for dovmload and add B by YOU. If YOU do not agree to all of the terms of this EULA, click on the button that indicates that YOU do not agree
Preselections Submit | to accept the terms of this EULA (if applicable) and do not continue the use of the WEBPORTAL, the provided DATA or
. - Onverfication: > Publications the SERVICES.
Simulations Yellow means it has

een corrected
automatically, red
Spectra means you have to
adjust your input. Is it a
valid number? Is the

e Open data publication:
oy~ * noready available open data licence

B L » free access to data and web portal

e, S * good scientific practice for work with data

« citation of collaboration, KIT, and the web portal

Output: mandatpry. _ '
—L. - . + freeredistribution of data “as is”
« zip-archive with data, metadata, and the

EULA (end user licence agreement) KCDC approach:
« Data as ASCII, ROOT and HDFS5 files + licence based on EULA model (as usually for software)
+ Commented header give information about « licence details: following the industry

the content  flexible and adaptable to our needs

* signed during registration & shipped with each
data package

Materials

» Publications

S
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Tutorials and Teaching

* The goal: Providing the data to a general public

KIT | IKP | HOME | Impressum | admin | login

KIT

Karisruhe Institute of Technology

* Education portal:
- several tutorials are up
(only in German and English at the moment)

knowledge database on KASCADE,
astrophysics and related topics

step by step tutorials of
simple data analyses

Access for teachers and pupils

zur deutschen Version 5

This is a compilation of interesting lessons within the vast field of cosmic radiation to illustrate the processes within and outside
of our atmosphere by means of the data sets of the KASCADE This ion will be in with
interested teachers and pupils to increase the understanding of the cosmic radiation.

Information

Announcements
FAQs

The colors of the frames indicate the rating of the exercise:
red means 'heavy stuff', denotes 'medium’ and

s

‘rather easy' while blue can be considered as a 'finger exercise'.

User Account

Data Shops

How heavy is a cosmic particle? How does KASCADE see the sky?

Simulations Eloktron styonverteilung

including a modern programming
language code example

Publications

interpretation and discussion
of the outcome

Report a Bug

Education/Lehre

KCDC Partners

* Masterclass based on KCDC

cooperation with local

teachers and pupils

later offering to teachers dedicated

lessons for high schools

- in preparation, thanks to V. Tokareva, K. Link
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The cosmic radiation consists of atomic nuclei of positive
charge reaching from hydrogen (1 proton) up to iron (26
protons) travelling through space nearly at the speed of
light and hitting the earth by chance. When entering the
earth's atmosphere they collide with the molecules of the
air and generate a variety of particles (mainly muons and
electrons) which initiate collisions etc. This so called
shower cascade can be detected with highly sophisticated
instruments called detectors. These shower measurements
enable us to determine the properties of the primary
cosmic particle like its mass and energy.

here you get: exercise - tutorial - solution

Andreas Haungs, KIT-IAP

Earth bound detector systems have usually a very narrow
field of view of the sky. This applies for telescopes and for
detectors of cosmic radiation likewise. To show the visible
part of the sky for each experiment the celestial
coordinates have to be determined from the arrival
direction and the arrival time of each cosmic shower and
plotted in a so called 'skyplot'. The skyplot shown here
illustrates the frequency of cosmic showers from certain
directions as measured by KASCADE.

In a further step in the analysis chain the angular bins
could be weighted with the exposure time.

here you get: exercise - tutorial - solution
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Physics with KCDC

LARGE- AND MEDIUM-SCALE ANISOTROPIES IN THE ARRIVAL DIRECTIONS OF COSMIC RAYS
OBSERVED WITH KASCADE-GRANDE

MARKUS AHLERS
Niels Bohr International Academy & Discovery Center, Niels Bohr Institute,
University of Copenhagen, Blegdamsvej 17, DK-2100 Copenhagen, Denmark
Draft version September 23, 2019

ABSTRACT

We search for anisotropies in the arrival directions of cosmic rays observed by the KASCADE-
Grande air shower experiment. The analysis is based on public data of about 23.7 million events with
reconstructed primary energies above 1 PeV. We apply a novel maximum-likelihood reconstruction
method for the cosmic ray anisotropy, that compensates for spurious anisotropies induced by local
detector effects. We find no evidence for a large-scale dipole anisotropy in the data, consistent with
official results based on the conventional East-West derivative method. On the other hand, a subset
of cosmic rays with median energy of 33 PeV shows strong evidence for a medium-scale feature
with an angular diameter of 40 degrees. After accounting for the look-elsewhere effect, the post-trial
significance of this medium-scale feature is at the level of 4¢.

Subject headings: cosmic rays — methods: data analysis

1. INTRODUCTION

Cosmic rays (CRs) experience deflections by Galactic
and extragalactic magnetic fields before their arrival on
Earth. The spatial variation of these magnetic fields in
strength and orientation scrambles the particles’ arrival
direction and time. Combined with the limited energy
resolution and livetime of CR observatories, these ef-
fects can explain the continuity of the flux of CRs and
the mostly isotropic distribution of their arrival direc-
tions. However, some CR experiments have achieved
the necessary level of statistics to be able to infer weak
anisotronies in the arrival directions that reach ner-

range from 2 PeV to 8 EeV. This observation would pro-
vide valuable data to decipher the transition between
Galactic and extragalactic CR sources.

In this paper we search for anisotropies in the ar-
rival directions of CRs observed with the KASCADE-
Grande air shower experiment. The analysis is based
on public data provided by the KASCADE Cosmic Ray
Data Center (KCDC) (Haungs et al. 2018) and uses a
novel maximum-likelihood reconstruction method in-
troduced in Ahlers et al. (2016), that we outline in the
following section. We then first study the presence of
a dipole anisotropy in the data and compare our re-

10

M. Ahlers, Astrophys.J.Lett. 886 (2019) 1, L 18
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bin 3 : post-trial significance (20° smoothing, omax = 4.16)

Galactic

| |

-5 5

FIG. 3.— Mollweide projection in Galactic coordinates of the post-
trial significance of 20° smoothed anisotropies at 33 PeV (bin 3). We
use a trial factor N5 ~ 14 in Eq. (12) and show units of Gaussian
standard deviations. We indicate the location of the maximum signif-
icance by the symbol X and the 20° smoothing radius by a dashed
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Latest Release

WIILH WEIS G1IaIySSU STPSIaLSIy @HU U LIS LUFLD 18UV GIHLSIINGs. TS SSLUHY, Lansy Téchnology
COMBINED, is based on a subsample of the KASCADE-Grande data, but was evaluated in Postbox 3640

a joint analysis of the KASCADE and GRANDE detector arrays. Newly added in 2021 was D-76021 Karlsruhe

the MAKET-ANI DataShop, which contains data from the MAKET-ANI air shower experiment Phone: +43/721/608-23546
at Mount Aragats, Armenia. Fax: +49/721/608-23548
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+++ the KCDC update SKARAGAN has been released on F

* Thanks to the Maket-Ani Collaboration
HEDE DO B VERION EATRCAN 2 ciam s KACO 2100, (in particular A.Chilingarian, G.Hovsepian)
New:

® MAKET-ANI (Armenia) Data Shop *

® APl Interface = e.g., attachment of Jupyter-notebooks foreseen

® More spectra (100)
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Next:

Further extension of KCDC
Improvement of Tutorials & Outreach
Publication of KAOS

KCDC as integral element of the
Analysis and Data Center in
Astroparticle Physics

® KCDC as integral part of the
PUNCH Science Data Platform

o
e

https://kcdc.ikp .kit.edu

Thanks the support of the KASCADE-Grande Collaboration
Thank you!
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