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KASCADE

KArlsruhe Shower Core and Array DEtector

High energy cosmic ray measurements
by detection of air showers

physics topics under investigation

— 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.....

KASCADE, KASCADE-Grande
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KCDC in a nutshell

- providing open access to astroparticle physics research data
as required by funding agencies
now: 1.6-:108 EAS events of first data release are available

« data provider

« free, unlimited, open access to KASCADE cosmic ray data
* selection of fully calibrated quantities

* reliable data source

e guaranteed data quality

e information platform

» experiment description

 meta information for data analysis

* physics background

e tutorials (focused on teachers and pupils)

« as long-term digital data archive

« archive of software and data
* for the collaboration
* for the public
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The Web Portal

e open data publication

* follows the “Berlin Declaration on Open Data and Open Access”
« explicitly requests the use of web technologies

free unlimited access for everyone
« scientific and non-scientific audience in focus, requires extensive documentation

modern technologies
* internet access & interactive data selections

Web pages

Data selection Job system -
Meta information Parallel processing
Tutorials Scalability
Downloads

Server infrastructure
CMS System
User Management

Web interface

Administration
Monitoring

Databases

Providing the data
Providing selections
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KCDC impressions

HOME | KIT| IKP | IMPRESSUM | ADMIN | LOGIN

AKIT

Karisruhe Institute of Technology

KASCADE Cosmic Ray Data Centre (KCDC) / Open B

KCDC Homepage welcome to KC Dc Institute for Nuclear Physics

The aim of the project KCDC (KASCADE Cosmic Ray Data Centre) is the installation and (1KP)

establishment of a public data centre for high-energy astroparticle physics based on the KIT Campus North

data of the KASCADE experiment. KASCADE was a very successful large detector array Addeses

Regulations which recorded data during more than 20 years on site of the KIT-Campus North, Karlsruhe, Institute for Nuclear Physics
Germany (formerly Forschungszentrum, Karlsruhe) at 49,1°N, 8,4°E; 110m a.s.l. KASCADE Karlsruhe Institute of
collected within its lifetime more than 1.7 billion events of which some 425.000.000 survived Technology

Information © all quality cuts. Initially about 160 million events are available here for public usage. HecmanportislmholezPlatz

D-76344 Eggenstein-
Leopoldshafen

KCDC Motivation

il

Announcements © Postal Address:
Institute for Nuclear Physics
FAQs Karlsruhe Institute of
Technology
Postbox 3640
D-76021 Karlsruhe
DATA Sho
p Phone: +49/721/608-23546
Fax: +49/721/608-23548
User Page
. E-Mail:
Lehrmaterial ikp-kedc[at]lists.kit.edu

Report a Bug

Downloads
KCDC Manual {english)

KASCADE
Kerlsruhe Shower Core
ond Arrey Detector

OPEN BETA - VERSION : WOLF359.01

Andreas Haungs et al. 5 ﬂ(l

f Tachnelegy



KCDC impressions

[ haungs] | HOME| KIT| IKP | IMPRESSUM | ADMIN | LOGOUT

KIT

Karlsruhe Institute of Technology

KCDC Homepage KCDC Data Shop

KCDC Motivation

. Selection Cuts Submission
Regulations
= Full Data "Full data selection” n

TR Hion od Quantities selected for retrieval S
The shower core position
Announcements © . of the reconstructed
High Energy KASCADE  showers is
FAQs derived from Fhe
. measured particle
Vertical Showers densities of the KASCADE
: Array Detectors. Available
DATA Shop are all events with a core
position within 91 m radius
User Page from the centre of the

detector array with a total
size of 200%200 m? wide.
5 The core positions are
Micro Time given in x- and y-directions
; where X denotes the
west-east direction and Y
the south-north direction
respectively (rotated by
+15° see azimuth).

Lehrmaterial

Report a Bug

[ details-> kcdc-manual ]

OPEN BETA - VERSION : WOLF359.01
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KCDC impressions

[ kcdcadmin]l | HOME| KIT | IKP | IMPRESSUM | ADMIN | LOGOUT

AT

Karlsrubhe Institute of Technology
KASCADE Cosmic Ray Data Centre (KCDC) / Open S
KCDC Homepage KCDC Data Shop
KCDC Motivation
. Selection Cuts Submission |
Regulations
. "Full data selection” B
Information © Define cuts on quantities selected for download Cuts on Energy
The awvaiable data sets are
Announcements within the Energy range 10™ to
Sl ﬂl 10" eV . The values have to
from 1e16] fo 1e1q] eV - be provided in log (E) lke
FAQs | l | | - 1.123e14 in [eV].
Cuts on Core Position X add cut | [ details-> kede-manual |
DATA Shop
User Page Cuts on Core Position Y add cut |
Information
Lehrmaterial
Cuts on Zenith angle add cut |
Report a Bug L J
Cuts on Azimuth angle add cut |
Cuts on Electron Number add cut |
Cuts on Muon Number add cut |

OPEN BETA - VERSION : WOLF358.01
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KCDC impressions

[ kedcadmin] | HOME| KIT | IKP | IMPRESSUM | ADMIN | LOGOUT

AT

Karlsruhe Institute of Technology
KCDC Homepage KCDC Data Shop
KCDC Motivation
. Selection Cuts Submission
Regulations
. "Full data selection” R t Submit Inf
Information > Check your order and submit request equest submit info
Overview on the parameters
Announcements Energy range: 1.00e+16 to 1.00e+17 eV selected and their ranges after
the user cuts were applied. To
Core Position X range: 910 to 91.0 m  Nocuts applied change the cuts or add
FAQs » deselected parameters go
Core Position Y range: 410 to 91.0 m  Nocuts applied back to the 'Cuts’ page or to
. . ) the "Selection’ page
Zenith angle range: 0.0 to 60.0 No cuts applied .
DATA Shop respectively.
Azimuth angle range: 0.0 to 360.0 Mo cuts applied Note Only 4 cuts per
User Page Electron Number  range: 1.00e+01 to 5.00e+08 Mo cuts applied parameter are displayed,
even though more cuts are
Muon Number range: 1.00e+01 to 5.00e+06 Mo cuts applied selected and active.
Lehrmaterial ) )
Micro Time range: 0 to 999999988 us  No cuts applied [ details-> kede-manual ]
Report a Bug Time of Day range: 0.0 to 235959.0 = Mo cuts applied L
Run Number range: 282 to 4683 No cuts applied Information
Event Number range: 1to 3000000 No cuts applied

OPEN BETA - VERSION : WOLF359.01
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KCDC impressions

[kcdcadmin] | HOME| KIT | IKP | IMPRESSUM | ADMIN | LOGOUT

Qutput:
zip-archive with data, metadata, and the

— KCDC User Page EULA (end user licence agreement)

KCDC Motivation

KIT

Karlsruhe Institute of Technalsgy

MY JOBS | PROFILE | CHANGE PASSWORD | CLOSE ACCOUNT

Regulations .
Your last requests were: E—— | a a aS | e
User Information
Informati
nformation Job from Nowv. 4, 2013, 11:20 a.m. current status: SUCCES Here you get an overview on
X your last requests and their
Announcements ) Details Delete Resubmit current status. You can check - . -
ot Commented header give information about
FAQs Jobfrom  Now. 4, 2013, 12:08 a.m. current status SUCCESS x:ﬁg ’;t'w ca':ly';"';r’:'t' (':
download the data sets or
Details Delete Resubmit Download T
DATA Shop changes applied
Jobfrom  Now. 4, 2013, 12:08 a.m. current status: SUCCESS Furthermore you can change
your profile and your password
User Page Details Delete Resubmit Download or close the account.
‘Clear History' deletes  the
Lehrmaterial Jobfrom  Now. 4, 2013, 12:01 a.m. current status: SUCCESS P o B e
refreshes this page.
Details Delete Resubmit Download
Report aBug L - - . I [ details-> KCDC Manual ]
Jobfrom  Now.1,2013, 10:50 p.m. current status SUCCESS
[kedcadmin] | HOME| KIT | IKP | IMPRESSUM | ADMIN | LOGOUT
Details Delete Resubmit Download
Jobfrom  Now.1,2013, 10:49 p.m. current status: SUCCESS \§!(I I
Details Delete Resubmit Download Kardsruhe Institute of Technology
Jobfrom  Now.1,2013, 11:34 am. current status: suCC
| Detals | | Delete | | Resubmit | | Download | KCDC Homepage Preselection Download Page
Jobfrom Ot 31,2013, 4:09 p.m. current status: SUCCESS KCDC Motivation
[ Demils | [ Deeie | [ Resubmi | [ Downioad | You have chosen the preselection "Full Data”.  Download here
Regulations.
Jshfram Oct. 312013 2:07 n.m current statis: SUCCESS
Information
Announcements
FAQs
DATA Shop
User Page
Lehrmaterial
Report a Bug

In future:
options for different formats of the output:
ASCII, ROOT and HDF5 files e
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ASCADE
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Law and Order

open data publication

no ready available open data licence

free access to data and web portal

good scientific practice for work with data

citation of collaboration, KIT, and the web portal mandatory
free redistribution of data “as is”

KCDC approach

licence based on EULA model (as usually for software)
licence details: following the industry

flexible and adaptable to our needs

signed during registration & shipped with each data package

KIT

Karlsruhe Institute of Technology

KCDC Homepage

KCDC Motivation

Regulations
Information ©
Announcements >
FAQs

NATA Chan

[ haungs] | HOME| KIT| IKP| IMPRESSUM | ADMIN | LOGOUT

Regulations - Legal Aspects of KCDC

End User Licence Agreement for using the KCDC webportal and the KCDC data (EULA)

This EULA provides the rights and duties of the usage of the KASCADE Cosmic Ray Data Centre (KCDC) webportal
(hereinafter called WEBPORTAL) as well as the corresponding scientific KCDC data (hereinafter called DATA).

The Karlsruhe Institute of Technology (KIT) is the owner of the WEBPORTAL which contains DATA, as well as printable
materials about KCDC and online or electronic documentation about KCDC (hereinafter called DOCUMENTS), and
related modules (hereinafter called SERVICES) of KCDC.

Please read this EULA carefully. By using the WEBPORTAL or by using any SERVICES or by downloading DATA, You
(You, as the licencee, are hereinafter called YOU) agree that this EULA is enforceable like any written contract signed
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 to

mmmmnk b A bncena A RIS FIH A L Sanlanklal med AR mnk anmbiaiea ba cina Al e WIFARARTAL tha ceroidad RATA A dha
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KCDC, the software

providing a modern software solution
for publishing KASCADE data for a general audience

In a second step: release the software as Open Source for free use

* Publication foreseen under Open Source License

* Following the concept of open access to research data

« Simple configuration via web interface

» Based solely on Open Source Software
(Python, Django, HTML/Javascript and CSSdata provider)

Frontend

Server

Communication
Data Processing

Storage

Portal Admin Monitor

a r .

Web Framework DJANGO

Messaging RabbitMQ

Task Queue Celery

DATA

Andreas Haungs et al. 11 ﬂ(IT



Tutorials and Teaching

* The goal: Providing the data to a general public

« Education portal (in development)
— first tutorial is up
(only in German at the moment)

- knowledge database on KASCADE,
astrophysics and related topics

— step by step tutorials of
simple data analyses

- including a modern programming
language code example

— interpretation and discussion
of the outcome

— cooperation with local
teachers and pupils

— later offering to teachers dedicated
lessons for high schools

3 AaEAne

KCDC Homepage
KCDC Motivation

Regulations

Information

Announ

8
2
o
a2
]

FAQs

DATA Shop

User Page

Lehrmaterial

Report a Bug

,,,,,

Portal fiir Lehrer und Schiiler

Aut dieser Seite sind

Aufgaben

Experimentes einige der Vor gangeauss haJD und innerhalb unserer
Zusammenarbeit mit interessierten Lehre:

und Schillern stetig erweitert werden und si

rund um den Berei hkﬂsmrs heStrahI ung, die mit Hife der Daten des KASCADE
sollen. Diese soll in
0 zum Verstandnis de kosmischen Strahiur ngbeltrage

Wie schwer ist ein kosmisches Teilchen?

Kosmische Stral mngbetm s positiv qeladenenAl tomkernen der

Elemente Wasserstoff (Ladung: 1 Proton n) bis hin

isel
ZSPrmneJdiesnmnnahez Lichtges hwndigknd rch den der Strahiur
‘Weitraum bewegen und zufallig al uldleErde(reﬂ . Beim Eintritt in

die A(muspha und z sammenstoss  mit

Was sieht KASCADE am Himmel?

ey
¥
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ENN =
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Erdgebundene Detektrosysteme sehen in der Regel n
begrenzten Winkelbereich am Himmel. Das git fir Tbekpe
um

einen eng
und fiir
den

ng
ichtbaren Bereich am Himmel darzustellen, missen aus

der
den Lul’(muiek len gemessenerl Einfallsrichtung der Tei lche und aus der Uhrzeit die

und
Myonen u iy Elektﬂne] "die wisderum Siés

Tiche

bestinmt werden Do Verteilung ~ der

ausiosen usw. So | | Emfalsrichiungen kor rmend.a nin einem 'Skyplot dargestelt werden.

die mit for

(Detektoren) nachgewiesen
sogenannien

Eigenschaften des urspringlichen kosmischen
Masse oter de Energ rgie, zu bestimmen.

Hier gibt's : Aufgabe - Anleitung - Lés!

werden. Diese
Luh schauer am  Erdboden  ermdgl

Der hier gezei lg[ Skypiot ist brigens die Grundlage fiir das KCDC-

Messungen de Logo. Ein weiter: s:n mde 7 Analyse ware nun eine Wichtung der
sglichen einzelnen mit der jeweiligen i

Teikchens, wie dlE

Hier gibt's - Aufgabe - Anleitung - Los

* introduction

* physics background
* step-by-step analysis
» source code example
e discussion

* interpretation

 pdf download of all

N :
S
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Physics with KCDC
1.6-108 KASCADE EAS events of first data release are available

This is the data set for analysis works like

» Astroparticle Physics 19 (2003) 703-714

Measurement of Attenuation and Absorption Lengths with the

KASCADE Experiment

» The Astrophysical Journal 608 (2004) 865-871
Search for Cosmic-Ray Point Sources with KASCADE

» Astroparticle Physics 24 (2005) 1-25

KASCADE Measurements of energy spectra for elemental groups of

cosmic rays: Results and open problems
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Future

The KASCADE Cosmic ray Data Center

- since November 2013
« KCDC open beta release to public
« More than 160 million events of the KASCADE
experiment with 15 parameters per event

- Next steps
 Extending the educational portal
 Improving data selection process
« Adding more data of KASCADE

- future
 Adding data of other experiments
 Publication of the software
* Inclusion in long-term data archive networks
e.g. Re3data, repository for scientific data http://www.re3data.org/

Andreas Haungs et al. 14
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http://www.re3data.org/

KASCADE(-Grande): Mission Accomplished !!

open access to research data
https://kcdc.ikp.kit.edu

2013

2014

Andreas Haungs et al.
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https://kcdc.ikp.kit.edu
KT

Institute of Technology

KCDC Homepage

KCDC Motivation

Regulations

Thanks the support of the KASCADE Collaboration

Thank youl!
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Exercise with KCDC

Determination of the Attenuation Length of the
Electron Component in extensive air-showers

Attenuation Length A, : describes the average decrease of the electron
number N, with increasing atmospheric depth X (at fixed primary energy)

(N X)) xexp(—X/Ay,)

Why of interest?

=>Understanding of shower development
=> Test of hadronic interaction models

=>Composition measurements

—
in
.

log, o(di/dN_-(N C)2‘5) [mZs!sr!

1
You need: '
> KASCADE EAS-data from KCDC :
= Read/Analysis/fitting/plotting tools o lerane 29.9°-32.5°
24.°-27° £ 35.1°-37.6°
4ﬁilssls{|56ﬁ
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Exercise with KCDC

Determination of the Attenuation Length of the
Electron Component in extensive air-showers (2)

Steps to do:

« Differential shower size spectra for different zenith angular ranges
by KASCADE-data from KCDC

» Select afixed primary energy
by taking a structure of the primary energy spectrum: the knee

 Plot dependence of shower size with zenith angle
using

|§ T T T T T T T
Dy
r S

Ag=197 £ 13 glem”

Xy

4 N,

(N(O)) ocexp (

5.6

(sec G — 1)).

54

Shower size at knee log ((N, ;)

sec ©

Based on: Astroparticle Physics 19 (2003) 703-714
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Exercise with KCDC

Determination of the Attenuation Length of the
Electron Component in extensive air-showers (3)

- ey ' v ynten
Details: KASCADe - ,,,;e o-0-0-0-0-0-4 . ~N)™
- 35 E L5 mpgaeaat
. KCDC: ! ) N A,
get data: N, and ® and micro time for all events with cuts 5 A § P e
ray Datae 3

- Ne>4.5, E and Nmu-cut, area<90m radius, zenith<40degree httpsi//kcdc.ikp.kit.edu

. Create spectra:
- spectra for angular ranges of same solid angle

. 2.5 2 -1 -1 2 . :
log,o(dj/dN_ (N )™ ) [ m7s “sr | S

log,y(N)
e.g.: Sranges: -16.7; -24; -29.9; -35.1
- estimate normalization factors: e
area, steradian, time B cepl Al
(The entire sphere has a solid angle of 41rsr) Bop N o et
(total time via the time difference between two events[] wi \‘K
- multiply by 2.7 in Ne (don‘t forget to divide by bin size) w0 .,
10 w‘w g
«  Estimate knee positions (take care: threshold...) § A Wﬁw*ﬁmjiﬁ
- either by fitting the spectra £ \-m E \¢ e 1030 terenz A t[e]
(Ne instead of E) IHE) = Iy ( — ) : (1 o ( — ) )
- or by hand.... h’kmr h’km!e!

Aye=197 13 glem®

. Plot shower size at knee vs. Sec zenith angle
- fit it and determine the attenuation length
- ....be happy! X,
(N(O)) ox exp (

561

54+

(sec© — 1)),

Shower size at knee log ,(N, )

Ay,

Based on: Astroparticle Physics 19 (2003) 703-714 | O
.Measurement of Attenuation and Absorption Lengths with the KASCADE Experiment
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Exercise with KCDC

Determination of the Attenuation Length of the
Electron Component in extensive air-showers (4)

Room for Improvement:

At the spectra
more zenith angular ranges
fit the spectra
Interpolate knee position

« Attenuation curve
apply constant intensity cut top select same energy
(same intensity = same energy) you need integral spectra

« Determine attenuation length for different primaries
select ,light”“ and ,,heavy* EAS (via muon/electron ratio)

Based on: Astroparticle Physics 19 (2003) 703-714
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