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Initiative for a (global)
Analysis & Data
Center

In Astroparticle
Physics

Astroparticle Physics =
Understanding the

® Multi-Messenger
Universe

B Dark Universe

needs an

experiment-overarching

platform!

DLC-2020
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Initiative for a (global) Analysis & Data Center in Astroparticle Physics

« Astroparticle Physics requests for multi-messenger analyses -

OECD Principles and

this needs an experiment-overarching platform! Guidelines for Access

to Research Data from
Public Funding

= Tasks
= Provide sustainable access to scientific data
= Archiving of Data and Meta-Data
= Providing analysis tools
= Education in Big Data Science
= Development area for multi-messenger analyses (e.g. Deep Learning)
= Platform for communication and exchange within Astroparticle Physics orco (@
= Elements
= Advancement, generalization of existing structures (like KCDC and others)
= |n direction of a virtual Observatory (like in astronomy)
* |n direction of Tier-systems and DPHEP (like in particle physics)
= ,Digitale Agenda der Bundesregierung*
= OECD Principles and Guidelines for Access to Research Data from Public Funding
= Follow the FAIR principles of data handling
FINDABLE-ACCESSIBLE-INTEROPERABLE-REUSABLE

d
DLC-2020 Andreas taunos. SKIT




4

Analysis and Data Center in Astroparticle Physics

Simulations
& Methods
development

Data

availability Analysis

» Data availability:

All researchers of the individual experiments or facilities
require quick and easy access to the relevant data.

» Analysis:

Fast access to the generally distributed data from
measurements and simulations is required. Corresponding
computing capacities should also be available.

» Simulations and methods development:

Researchers need an environment for simulations and the
development of new methods (machine learning).

» Real-time analysis center:

The multi-messenger ansatz requires a framework to
develop and apply methods for joint data stream analysis.

Real-time
analysis
center

Education
Data

archive

Open
access

in Data
Science

» Open access:

It is necessary to make the scientific data available also to
the interested public: public data for public money!

» Education in data science:

Not only data analysis itself, but also the efficient use of
central data and computing infrastructures requires special
training.

» Data archive:

The valuable scientific data and metadata must be
preserved and remain interpretable for later use (data
preservation).

DLC-2020
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Status Infrastructures in Astroparticle Physics

Computing:

* (Co-use of) Institutional resources (partly WLCG resources)

« GridKa: Tierl-centre in the world wide LHC Computing Grid (e.g. Auger@GridKa)
 Experiment-oriented resources (e.g. CTA@DESY)

« Co-use of facility infrastructures (e.g. IceCube at DESY)

 Moderate use of HPC cluster (Gauld Alliance)

Resarch Data Management:
« KCDC: KASCADE Cosmic ray Data Centre (data access)
* VISPA: to analyze data (Learning Deep Learning)

« GAVO (German Astrophysical Virtual Observatory)
« CERN Open Data Portal (not yet used by APP) i

7 ‘ ‘ ) en
B gii MERERGAEE |\ /op0

WLCG Gridka _/ Gauf3-Allianz
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Central German data and computing centre for

Particle Physics: GridKa (and other Tier-centres) _ij_
rd ? s o

particle (and astroparticle) physics Sridla
« Tierl-centrein the world wide LHC Computing

G r I d Sonstiges Alice

* Provides essential part of the German
contribution to the LHC-Computing

 Supports non-LHC-experiments with German
participation (e.g. Belle-ll, Compass and Auger).

Number of cores 28000

Number of compute jobs 23 million
(last 12 months)

Number of CPU-hours 212 million

delivered (last 12 months)

Disk space 34 PB

Tape space (used) —— Includes Pierre Auger Observatory

Since 2020: IceCube

d
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Computing in Astroparticle Physics

100000

100000
= Do we need an own
o Astroparticle Physics
10000 . .
10000 . computing infrastructure?
?: 2000
8 1500 1730 : : :
K ° ?
S~ 200 Synergy with particle physics”
B = « Grid or Cloud or Lake or other
o, = technology?
Q
g 1% « Use of commercial providers
©
k< (amazon, google, ...)?
15 15 .
0 * |Is there arelation to NFDI,
& & ¥ ¥ & ° x**‘ PSS & & ErUM-Data, EOSC?
vpo Qg/ é‘v. éﬁ & é@ \00 \) QQS' \'e bQ\Q' 02‘60 @)0\' \‘:o@eo ﬁé vg.$ K
v & N
S ¥
v + astroparticle part of SKA? partly ;fggg;‘iig’ :,r;
Source: 2016 APPEC brochure on Computing: + Einstein Telescope atsr:fo;zrtlde physics

Towards a model for computing in European

, ) + enhanced request from simulations
astroparticle physics

d
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2020+: Flagship Experiments of German Astroparticle Physics (ErUM-Pro)

Pierre Auger Observatory

8 DLC-2020 Andreas taunos. SKIT
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Example Computing Model:

CTA Science Data Management Centre cherenkov

telescope
array

The Science Data Management Centre will coordinate
science operations and make CTA’s science products
available to the worldwide community.

« ~20 personnel will manage CTA’s science
coordination including software maintenance and
data processing for the Observatory.

« CTA will generate approximately 100 petabytes (PB)
of data by the year 2030.

« The SDMC will be located in a new building
complex at DESY in Zeuthen.

* Provides well-established infrastructure and a @ DESY in Zeuthen
powerful computing centre.

d
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Example Computing Model:
Computing Challenges of Einstein Telescope

ET Computing Center HPC-Center

. - f\{-" i e
Computing Model: o Semces \ £2
, : deskiop commputing / Bl Y\ |85
« ET Computing Center, only low latency (= operation costs) Wiammnt (-

« HPC-Center (= member country costs) Da‘j”ass“"g
* Institutional Resources (= institutional costs) =z Crling
Trigger bl nl bank

Cha”enge: Institutional Ressources Monm;ng ]

 LIGO/Virgo analysis path does not work, since: B s . 1/

. . l : §§ Storage Backup
« Many more signals / events il 3

 Longer signal traces at low frequencies (hours) e \/L <
_ _ RconsniGRt i
« Parameter set per event much higher (better fit and

comparison to template) \l

- ) ) | Institute A = g Storage Backup
« More parameters available (e.g. polarisation) "
 More types of events, i.e. more template catalogues. . a4
Data Analysis Analysis
 Huge amount of (online) monitoring data
- Requests large resources (HPC) for generating and ——
. . pefa_el y the
tralnlng Of Catalogues as We” as the development Of i?'nasrt?tﬂtpeastmg @ A. Stahl 1 center only: part of ET operation Independent HPC center
smart algorlthms Partner: DESY Partner: JSC - FZ Jiilich
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Census of Computing Requests of German Astroparticle Physics:

The demand for computing resources for astroparticle physics in Germany will increase considerably
in the coming years. In 2020, the computing for the German flagship experiments (Auger, CTA,
IceCube, ET, KATRIN, Gerda/Legend, DARWIN, Multi-Messenger, Theory) will mainly be carried out via
institutional, experiment-specific or, as in the case of theory, federated supercomputer resources and
only to a small extent via the German WLCG network. An estimation of the 2021 requirements for the
German fair-share of the computing of the international experiments resulted in a sum of 2,000 CPU
years, 300 GPU years, 2.5 PB disk space and 3 TB tape capacity, which are already largely covered by
the WLCG (Tier-1 and Tier-2). A projection into the year 2028 showed an increased demand of about

factor 8 in CPU years, factor 20 in GPU years, factor 5in disk space and factor 10 in tape capacity.

.7,
o®a * KAT.Komitee fir

“‘Astro.Teilchen. Physik

And H
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PAHN-PaN: a broad German initiative
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~ Particle physics Astroparticle physics Hadron&nuclear physics
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collision in the LHC in IceCube CBM experiment at FAIR
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Execution Service

Virtuali-

The Computing Model

access access

sation

o individual user / collaboration access
(D]
E ‘

Continuous integration,

analysis + machine learning services

Scalable, hardware-agnostic execution infrastructure

(container, batch ...)

Hardware (CPU, GPU, FPGA, TPU, ...)

Cross-cutting topic A:
Cross-cutting topic B:
Cross-cutting topic C:

Synergies
Services

Professional training,
education, and outreach

Task area 1: Developing workflows and
tools for data management

Task area 2: FAIR data lifecycle
concepts and open data

Task area 3: Data analysis procedures
and services

Task area 4: Real-time data analysis

and selection

Layered model: scalability and easy
replacement of modules!

For the next 10 years: implement and use
generic interfaces — irrespective of hardware.

Adaption + further development of existing
open source cloud middleware

13
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Developing Workflows and Tools for Data Management

Compute
site
Compute
site

Grid site Grid site
CPU+Storage CPU+Storage

Grid site
CPU+Storage

Compute
site

« >170 dedicated grid sites

« Based on high-throughput computing
(HTC) architectures

« Connected via dedicated networks

« Data storage at the sites

d
14  DLC-2020 Andreas taunos. SKIT

» Globally distributed data lakes with remote access

« Additional compute resources at clouds and high-
performance computing (HPC) centres

* More complex storage architecture (cache)

TODAY
FUTURE




FAIR Data Lifecycle Concepts and Open Data

finding collecting

Experiment,
Observatory,
Simulation

: reducing,
sharing PAHN Data Life Cycle  [ICEERLT

Publication

storing analyzing
Findable Q
Accessible W
Interoperable f

Reusable ’:‘:

Where possible, establish common standards to
foster interoperability

Importance of “data stewards” as data lifecycle
managers and metadata curators

The lifecycle has to provide a FAIR environment for
(i) data availability  (ii) method development
(iii) data analysis (iv) big data education
(v) open access (vi) data archiving
(vii) data mining

Each arrow requires FAIR data management
Each step needs appropriate metadata
The cycle includes data, metadata and workflows

15 DLC-2020
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KASCADE Cosmic ray Data Centre

® Motivation and Idea of KCDC:
® public access to the data
B data has to be preserved for future generations
® Web portal:
® modern software solution
B release the software as Open Source
® educational courses
W Data access:
B release (Feb. 2017) with 4.3-:108 EAS
® simulation data
B spectra

® Pioneering work in publishing research data in
astroparticle physics

,#KCDC_KIT

[[juergen]] | KIT | IKP | HOME

| Impressum | admin | logout

KASCADE T
Karlsruhe Shower Core
and Arrdu Detector

N PENTARUS 1.0 saseo on: KAOS (1.1.0)

htips: //kcdc |kp klt edu/

[J.Phys.Conf.Ser. 632 (2015) 012011]
[EPJ C78 (2018) n0.9, 741 ]

16 DLC-2020
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https://kcdc.ikp.kit.edu/

PENTARUS 1.0

is released 20.09.2020

e Now:

UUID included

number of simulations increased

Increase in processing and download speed
KCDC based publications & KCDC related

publications included
* new Data shop for independent experiments
(KASCADE+Grande combined)

* Next:
* open for more data shops

« analysis platform

17 - Andreas Haungs
DLC-2020 08-10.06.2020 =% X



Astroparticle Data Life Cycle Initiative

* Basics

* project period 2018-2020

e funded by Helmholtz and RSF

» Team leaders: A. Kryukov (SINP MSU)
and A. Haungs + A. Streit (KIT)

@
]

data access
and archive

Early
Education,
School

Software

WP 2 WP 1
Public

* Main targets of the Project

- Extension example: data from Tunka and =
KASCADE-GI’ande messenger

* Developing solutions of distributed data
storage techniques with a common meta-catalog

* Development of appropriate
machine-learning techniques

* Perform experiment overarching multi-messenger
astroparticle physics

* Learn to use GridKa environment

» Creation of an educational subsystem

http://astroparticle.online

And H
18  DLC-2020 nareas hanos ST



http://astroparticle.online/

Astroparticle Data Life Cycle Initiative: Data Aggregation

* distributed data provider

* distributed data storage

« common Metadata definition
e appropriate software

Extracts metadata B'
|- ...... X
Facility
S > Extractor
Sy i e e MDDB
Facility
....... ’ ' O 1
' I
Veaww Returns uuids I

Data retrival by wuid

Returns a download link BI

| _see A KryukoV €t 2
S -

Requests wiﬁ

by metadata

Y

~]

.

.( Aggregation service ]

Requests data with particualr
uuids in particular format

from: KIT-Russia project on Astroparticle DLC (Tokareva)

19 DLC-2020
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Analysis and Data Centre for Multi-Messenger Astroparticle Physics _\g("'

ADC-MAPP

 Basics

« ADC-MAPP project period 2019-2020
» funded by Helmholtz

e Main targets of the Project

* Provide sustainable access to scientific data

* Archiving of Data and Meta-Data

* Providing analysis tools

* Foster real-time analysis

« Education in Big Data Science

* Development area for multi-messenger analyses
(e.g. Deep Learning)

* Platform for communication and exchange within

Astroparticle Physics

PIERRE
AUGER

OBSERVATORY

cta

cherenkov telescope array

IcECUBE .

20 DLC-2020
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Current work topics:

21

Data Management:
« Completion of the FAIR data cycle for major infrastructures (CTA, IceCube, Auger, CORSIKA)
« Format and quality of data and metadata from these different observatories (and related simulations)

Big Data Analysis:
» Method development (e.g. deep learning)
« Efficient simulations (CORSIKA)
» Software tools (e.g. Gammapy, CTA simulation chain) finding

collecting

Experiment,

Multi-Messenger Analysis:
* Real-time services (e.g. AMPEL) Observatory,
. . . . . Simulation
« Access to archives (including interface questions) w reducing,
« Common (astronomical) data formats e PAHN Data Life Cycle  Libaae
» Development of workflows

Hardware and Services:
 Access to HTC and HPC (GPU) in local and distributed clusters storing T
» Interface software (container, docker, ...) —
« Building a common Tier-1 infrastructure for IceCube;

. . (aus PAHN-PaN NFDI Proposal, ©A.Haungs)
Networking and Training:

« Activities accompanying the cooperation with MT(DMA); NDFI; EOSC; users (universities),...
* Qutreach

d
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Example: Multi-Messenger with Gravitational Waves

Application of Helmholtz-IN2P3 bilateral project
Preparation of multi-messenger follow-up studies of gravitational wave events ¢ [CAPP ﬁ("‘

 Objectives

Prepare extended multi-messenger follow-up studies
for ET

Cover wide science range of astrophysics, cosmology,
element synthesis, Lorenz-violation, ...

Perform a messenger-overarching FAIR data

management

* Milestones

Provide improved search pipeline for BNS candidates
Provide software for automatic scheduling of follow-up
observations of robotic telescopes

Automated search for sub-threshold counterparts of

GW by optical/UV/gamma/neutrino telescopes

......................................
Karlsruhe Institute of Technology

Transient positions AMPEL Neutrino tracks from
from ZTF AR IceCube

=)
... Ti 12/d‘ e 'W w‘l

Transient Spectrum t s

AMPEL: Astron.Astrophys. 631 (2019) A147

22 DLC-2020
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HERAEUS-STIFTUNG

The Science Cloud — Towards a Research Facing a Downpour of Data, Scientists

Data Ecosystem for the next Generation of Look to the Cloud

Data-intensive Experiments and Febiouany 5, 2026, «Physlos 51,54
O bse rva to ri es To improve access to large data sets, scientists are looking to cloud-based solutions for data management.

711. WE-Heraeus-Seminar

iStock.com/JuSun

Storing experimental data in a “science cloud” has some advantages, such as making information more
accessible to a wider scientific community.

“We all have to work on better recognition and
visibility for people working on the interface

https://mwww.we-heraeus-stiftung.de/veranstaltungen/seminare/2020/the-science-cloud-towards-

a-research-data-ecosystem-for-the-next-generation-of-data-intensive-experiments-and- b etween | ] fo rm at | on teC h no | 9] g y an d scie nce”
observatories/
23 L2020 Andreas Haungs Q(IT
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https://www.we-heraeus-stiftung.de/veranstaltungen/seminare/2020/the-science-cloud-towards-a-research-data-ecosystem-for-the-next-generation-of-data-intensive-experiments-and-observatories/

p 101518 eV

Nuclear

Large-scale cosmic
structure: fields and Gravitational waves

....everything

for the benefit gy B Pavisy =
of Astroparticle
Physics!

Ultra-high energy 2

co&rﬂf rays

p 10?0 eV

\

Y, Galactig
. . * ¢ cosmic rays
N ;rﬁ s
v . L 4 S W (1,;7‘(;)::,;;;[.) m
. e, “U (4
0. (V4 |
Astroparticle Physics = vV ’0. “U. gamma
. o, “n. :
Understanding the 3\:::\’\\,’ vv\’v neutrino Yoy U], 2Stronomy Y,
: 8. " )a
® Multi-Messenger Vv Vvvvv VWV mass e, Yn ;
. VvV, . V. VYV - A * “U
Universe - ,.V\’vvvy \J A (7
i : . ; a i"'\\.’ﬁ"‘\i U(\\f; s iy .0 g ‘{“? P
® Dark Universe search for Dark = NNV . 9 A4 R 7 . oF
F 3 ’ e ® 4 %}:'""&"» : Y
. Matter annifflation “" % v/ V e
. . o8 b g . . \\ ’g
experiment-overarching - -
atform| y A SRR, - X A / search for Darkw “meutrino
P ' ot s ‘ Matter scattering * ‘*f\ astronomy
: : : s ° J : J.Bliimer
Andreas Haungs
24 DLC-2020 08-10.06.2020 j("‘



25 DLC-2020 Andreas Haungs T

08-10.06.2020  xomnermsiussarrwnaoy



