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Astro@ NFDI

e Rat deutscher Sternwarten
* 3 Helmholtz Institutes
2 Leibniz Institutes
7 Max-Planck Institutes
26 University institutes
1 state institution !
* 1 private institution ‘

e Komitee fur Astroteilchenphysik
* 3 HPC centers + HTW 3
e 4 ESFRI Projects (ESCAPE) %

» 7 international organizations K
.

e i Vil T |

-
-
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Who we are:

e About 3000 researchers in the area of astronomy,
astrophysics and particle astrophysics
(“astrophysics”) in Germany

o @ KAT. Komitee fir
- ‘Astro .Teilchen.Physi

* About 50 university and non-university institutions
(Helmholtz, Leibniz, Max-Planck) + HPC Centers

* Tightly linked to international and intergovernmental
organization and facilities (e.g. ESO, SKA, CTA, EST)

* Organized in the Council of German Observatories
(RDS) and the Committee for Astro-Particle Physics _ -
(KAT) betochlond 20173050,

7 Von den Anfangen des Kosmos bis zu Lebensspuren
4 auf extraso laren Planeten )

2

 Denkschrift 2017

L
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X
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Astro@NFDI: “Capture data today to answer questions of tomorrow”

* Infrastructure project driven by and for the astrophysics community
 Serves the needs of a diverse and dynamic community

* Addresses fundamental and growing data challenges that astrophysics is
encountering now, and other sciences soon

* Unique dissemination channel for training, education and public
engagement in data science

* Ready-to-go exploratory development platform for data-driven science
* Professionally managed like a large instrumentation project

* With a long record in data management, accessibility, interoperability and
[ reusability

0. 19.02.2020 Astro@NFDI Endeavour 4



Why astronomy & astrophysics is arguably
different than other sciences

Observatory

: Physics: Controlled & focused experiments to Astronomy: Cannot do experiments with the i
3 approach the fundamental theory of space, Universe! Explore the diversity of objects and )
1 time and matter processes = Multiple Data Irreversibility challenges! K
7 <
iy 19.02.2020 Astro@NFDI Endeavour 5 2
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Reusability

g ¥ More than 50% of
. publications using the

|| Before Supernova
Near Infrared
rJanuary 21, 2005

Hubble Telescope are

based on archival data

GERMAN ASTROPHYSICAL

GAVO

VIRTUAL OBSERVATORY

r‘

After Supernova
Ultraviolet+Near Infrared
2 SRR : rJuIy 11, 2005
] o : - 2
z
7 Supernova 2005cs in the Whirlpool Galaxy + M51
zJ Hubble Space Telescope « Advanced Camera for Surveys
, — — — - b0 L O The Astronomical

)2 NASA, ESA, W. Li and A. Filippenko (University of California, Berkeley), STScl-PRC05-21 1NNy gy :
; S. Beckwith (STScl), and The Hubble Heritage Team (STSCI/AURA) r ’ ’ a Image and Table Format
' ‘ ' i i FIGAIDICG IIHaY o I idiisoiuilL oyouLGiia
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impression

—

Oumuamua: first extrasolar object detected to fly through solar system




Our Data — now and in the f
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TA2: Datal infrastructures

Open Data
Data sources:
Observations, Simulations
Expected data production:
several Exabyte/year

Archives,
Data Publishing

Metadata Metadata
Science ready

' Raw data
l Ea N data
g Pipelining,

Quality Control
Processing

: Curating Standards,
‘ Metadata API .
s - ||~ é | Metadata OIPE EEEEE ‘,\
A
‘ YeEm
z Y
e 2 2 G >
J Pipelining, CRE @ 1
; “ . Data Flows -
e \ Institute IT [ X
5 18,622030 A6 @NEDI Endeay Scientific Workflows
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ASt rO @ N F Dl, FAl R Data (n OW) www.astro-nfdi.de/how-fair-is-your-data/

IVOA Registry Queryable data sets
DOI application VOTable, FITS
Co D-1a'lc

Software

eusable

o )

DOI metadata as discovery schema *'\ C
- OAI-PMH support N, |
L. . >
2 UCD, Semantics \ g
P A
4 \ C
'o‘\ 19.02.2020 Astro@NFDI Endeavour 11 :‘1‘

~


http://www.as/

X

Astro@NFDI: IVOA Approach

LEVEL 2
All standards

COMPUTERS

USER LAYER
Browser Based Script Based

Apps Desktop Apps Apps
' USING wseP |

Registry Interface

paL Languages Units
. VO 2 .
Semantics - 0bsCoreDM;

CORE o m e

Formats

SimDM |  SimDAL
Resource Identifier | | VOTable i

st Data and Metadata Collection c tati
orage RESOURCE LAYER omputation

20101004 Z::_h‘
IVOA Architecture @ PROVIDERS g .

InProgress

D
A
T
A
A
C
C
E
S
S

REC

P
R
O
-
O
C
O
L
S

Figure 3: IVOA Architecture Level 2
19.02.2020 Astro@NFDI Endeavour
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TA3: Diverse requirements ...

L L toamtT Multiple

-
< wavelength
% Time domain
é,
£ 0998 : Spectra
2 ;
0';’ ‘ .
3 S 0.99 Simulations
1
Time baseline
. y Data set size
1‘ !
) )
- etc. ... X
L €
l_“ L
7 C
X ¢ " " . 1
e . SO : vaam cso ol . . -, s 13 By |




TA3: Diverse requirements ...
Taslpeea 3

wavelength
Federate generic services

B rseivasthem all

Spectr.a i
B ynites them !

Simulations

" QRENS Up new
interdisciplinary

Images
research ‘
)
etc. ... A
L€
C
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A,

Workflows - Task Area 4

e —

4 , ,
@ ‘?@.@a;@@?.::--

L” Original
data

19.02.2020

Combining
single
telescopes

Combining
different
wavelength

Data
reduction

Astro@NFDI Endeavour

e.g. Machine

learninoc

N

-
.

&8 Recduction 2
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~~ Astrophysical
-~ Object
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Different Data Workflows for different communities

Defining standards and designing general software modules for

* Data analysis of observational data (@
A If
| * Astrophysical Simulations |
* Instrument Design
2
4 )
H : r®
y - P > ’ &
4 i 2
2 C
’c;\ 19.02.2020 Astro@NFDI Endeavour 16 A



Change of research methodology

‘17111‘1111117111 :
A= [1;0,'3] f{r;n;(d fmoa m‘],(.) ca,{(x,y)g ‘29,. ,\L (U V) . ’ , x 3 PEEE RS RS |
2 L ﬂ (_ ‘ﬂeM 0 ( ) "’ 1
*M D= | I* ; :
it iy s w gl (50, Ym&w | {HAHpRRE
26 Y m % M- k | i s

X,=(_P A Vel S ax,_(A) (4) r i .

"l a("(s‘*?‘ fi0)0(0;1 )wmsczc«s 0,1 BZF@) 7 ,'. r: L2 ...4._..& O
( F xa C{ O ox /\-(/4) TASDORT S ) )
‘ oA 7 T 3 - =
Q < . oxydylde _EX— = g e

1( ; ‘v\‘% /a(‘fDV) < Ipll= XY ¥ 2yt Z(p,(x-.);y;‘) 1l ":1' .. . ‘
4 i NSNZZ p*"f’& méj(“i)MiAy' i 15" ,'.-".'-_" . :
« x‘fx ES Abs 3,)( f'o _X“‘f i. v - - o y
-3 @ g 2 Y‘X Y,La 3+d‘§€ 9_{_(&):\( ‘ 14 ' %
L Ro=3 z,—=7 Y —"“'1 D a)( - ‘,‘ - <
< Wﬁ:} 1 9%(_1 7 et Jdee %
= 3p-- - - = p v
1 /\\\ 2 7 //\,=4 m 965 | - C
, !
o‘ 19.02.2020 Astro@NFDI Endeavour =7 -
]



TAS: Data Irreversibility Challenges

* Previously: (most) data could be stored and reanalyzed/reused in data life cycle
* Now: data rates increasingly large — even after on-line analysis (FPGA, GPU, HCP, Al etc.)
only parts of data can be stored

* Soon: only tiny fraction of data can be stored: dramatic loss of information

LSST CTA SKA MeerKAT — now!

A,

-
SN v -
e
3% )
Yalis s ) |
AT
R sl

=y ‘ ! S o ) )

< 20TB/night 40 TB/night 5 EB/day 3 PB/day rawdata
1 15PB/yr 4 PB/yr 300 PB/yr 4 PB/yr archived =
2 C
4 19.02.2020 Astro@NFDI Endeavour 18 51‘



Simulations and data irreversibility

Impact of information loss needs to be described, understood and accounted for
a) Simulations must be used to gauge nature and impact of information loss, while...
b) To infer physics, observations in presence of information loss must be compared with simulations considering

the limitations due to information loss:

Simulations: M31

I S—

Theory/Model

= : : Observations: M31 |
Today, simulations are huge too. p | \

» By O T ’ Q

z Example “Illustris TNG”: 19 Million CPU hours, \: | )
2 il - \ - A
3 >13 Billion particles, 250 TB total volume & @ B
,1  f st fhoh e - } | :
o‘\ Ummeuﬁmln tlmel Space and more... AStrO@NFDI Endeavour Radio Infrared Visible Ultra-violet X-ray ;—l




Adapted life-cycle needs to be fast, dynamical and scalable

e Archives must be re-analysed, re-evaluated and insight must be fed back into online analysis
* Online analysis must be fast and reliable with low false-alarm probability

LIGO

Integral

A,

{
4
37 )
4 £
z <
3 A
rd C

!

y Triggers are very complex and interwoyven-hetween different instruments and archives
(o : )
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Our laboratories and experiments cannot be controlled

Unusual complexities & diverse external interferences affecting online processing severely

A generic challenge
for most sciences

“We need to solve’it for astronomy, in collaboration with others, for the benefit of all.” <

‘10011111000 10Uu1vvviIVLLIY
00100100010 101110001000

101100000100 100100000100
10010100110 001000011100
'001000100100100000100001000
001111100100010010001000000

101001101110001000011100101
000100100100000100001000100
101110001000011100101001110

External interference:
Known & unknown !

Openness of data
is essential
(“reproducibility”)

EUROPEAN OPEN
= SCIENCE CLOUD

)
o

19.0220with other foreseeable positiveconsegquences, e.g. green computing) 2 -



TA6 Synergies & Cross-cutting

1
#

(
z
L .
2
L

i
X

o

Despite different, community-specific needs, many challenges are common.

Different communities have advanced on individual aspects to different degrees.
Sharing expertise and common developments in cross-cutting topics are desirable.

Challenges are preferences to develop own solutions and reluctance to share services.

Especially new challenges for Astro@NFDI community will emerge in other fields and
considerable gains are possible by cooperative approaches.

o TR

NFDI will profit from extensive ASTRO@NFDI’s expertise with common services,
common access, interchangeable formats, archives developed for diverse communities.

GERMAN ASTROPHYSICAL

. + - | B L L TheAstronomical
: — B r ’ l Image and Table Format

VIRTUAL OBSERVATORY N Flexibie limage Transpori Sysiein

19.02.2020 Astro@NFDI Endeavour




TA6: Cross-cutting activities & synergies

Task Areas, e.g. Data Portal, Data Irreversibility | |
- NFDI4Chem

v Marketplace NFDI4Earth
PAHN-PaN o hl NFDI4Ing
- Broker/Bursary NFDI4HPC
DAPHNE - N RSE-4-NFDI |-
- FAIRmat Work Packages, e.g. Metadata, / Open DataZAccess NFDI4Life =
y NFDI-Neuro
Co-l institutions DPG Partner institutions GeRDI4NFDI
b AIANFDI .
International cooperation in (particle-) astrophysics CompeNFDI .
: e.g. IVOA, CDS R
'1‘ 19.02.2020 Astro@NEDI Endeavour 23 g



SIS SPEANETAREL — o

TA7/: Training, Education & Outreach: Challenges

Unlike any other sciences, dense and s(i(=Jn

societies & observatories thanks to hu

Potsdam Behiewitz

| sy,

| b il il 2o
S
RUN" @ Erirath

@Kéin

2 @Berlin

@ Straus!

F
4

Haus der Astronomie

ria, local
nd data

N

Haus der Astronomie will host the new
@IAU_org Office of Astronomy for Education
@astrodedu - we are looking forward to
exciting new tasks! V

_—

Haus der Astronomie to host IAU Office of Astronomy for E...

IAU-OAD
Astro4Dev

IAU has selected @HdAstro as the location ‘ &
for the Office of Astronomy for Education.
The OAE will promote #astronomy in
#education and seek to achieve the
education goals in the IAU Strategic Plan.
@astro4edu Welcome to the IAU family =
OAD-OAE-OAO-OYA
iau.org/news/pressrele ...

1:23 am - 28 Nov 2019

Planetarien in Deutschli

GroRe der Kuppel des Planetariu

19.02.2020
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Expert users

Data & training
resources

Analyze, promote
& foster

v : > - LS e~
19.02.2020

s

~

Teachers
Students

Edu resources
Visiting seminars
Career prospects

Gender gap

Astro@NFDI Endeavour

Amateurs
Schools

Communication training
& resources
Pedagogical approaches
School curricula
Citizen science
Active engagement

/ Media \

TR PR T
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Citizen Sclence

23.05.2011 12:36 Uhr Frankfurt 11:36 Uhr London 06:36 Uhr New York 19:36 Uhr Tokio

av

e from Space

T e
. 23:05:14

Einstein@Home

Is the galaxy simply smooth and . . o
Tounded, whh o Sign of a dlak? = — N .
Could this be a disk viewed Is there a sign of a bar feature > ~ P o
- = edge-on? through the cenre of the galaxy? P —_ X s
Frage & Antwort Fundsache A-Z - e > PN > — o

- 0,\
o ()

WISSEN Does the galaxy have a bulge at
How rounded is it? s contre? If 5o, what shape? s there any sign of a spiralamm
WISSEN partern?

Es trifft er-Ti ® ® — (&5 & -

'S it ot Macher Typerr @
Frust ist ein Burn-out-Symptom = = - N S N— @ G
S = ==
Fl iten | - — —
Record to AVI

Kinder schlagen tiber dié'strénge p—
RenderSoft
m ung JA L A X Y Z O o H
= o : CamStudio
apst telefoniert ins All
=

s the odd fuatur
galaxy disturbe

OPeN>OUlCE
nerzmittel fur s Nutztiere
Geier profitieren von Verbot

me TheStorySo Far TheScience How To TakePart Classify Galaxies Forum Zoo Media Blog FAQ Contact Us

Ma »
Sex-Probleme durch Ubergewicht
,,,,, Register Log In -
PSR J2007+2722 im Fiichschen Dankiele
= TV | S
Amateure entdecken Radiopulsar :
P CLASSIFICATION COUNT: ZOONOMETER™ = o000
Der Neutronenstern befindet sich 17.000 Lichtjahre von der Erde
entfernt und dreht sich 41 Mal pro Sekunde um seine eigene Achse. Ae.000000
o . . 9
Entdeckt hat ihn unter anderen ein Student aus Mainz. 30,000,000
: ) )
Galaxy Zoo Giveaway \
The Zoonometer™ has been ‘steadily ticking away, toward our target of 60 million
classifications. We can hardly believe it, but we're nearly there! To mark this historic y
it in Gals Zoo's history, s ivil i; to the le that ide "
2 e 2% o RSN 1 e kD08 g 1, it e :
You can keep up to date )
") The person that makes the 60 millionth classification will receive a bundle of goodies, Galaxy Zoo via the Galaxy
including a Galaxy Zoo t-shirt and myg. a Galaxv Zoo poster and an original Sloan Bloa and throuah our Twitt ) \
Digitay
" ~
Q
!

VI PR B
2 S i
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Astro@NFDI: “Capture data today to answer questions of tomorrow”

* Infrastructure project driven by and for the astrophysics community
* serves the needs of a diverse and dynamic community

e addresses fundamental and growing data challenges that astrophysics is
encountering now, and other sciences soon

* Unique dissemination channel for training, education and public
engagement in data science

* Ready-to-go exploratory development platform for data-driven science
* Professionally managed like a large instrumentation project

* With a long record in data management, accessibility, interoperability and
[ reusability
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