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KIS solar observatories and large .

Leibniz-Institut fir

Instrumentation
SN
E Leibniz-Institut fur
=  QObservatorio del Teide, Tenerife: TAIP Astrophysil( Potsdam
= GREGOR: 1.5 m telescope
= VTT: 70 cm Vacuum Tower Telescope, Sommerpmyan (K19

= ChroTel: 10 cm full-disc Chromospheric Telescope

VTF Etalon plate
= 4 m Daniel K. Inouye Telescope, DKIST (NSO, Maui)

KIS contribution to DKIST:
Visible Tunable Filter (VTF): spectro-polarimetric imager

DKIST/DC and SDC/KIS plan to expand
their collaboration (Lol signed in 2018)

= 4 m European Solar Telescope, EST ESFRI infrastructure to be build in the Canary Islands.
KIS as co-founder of European Solar Telescope Foundation (July 2023)

KIS planned contribution to EST:
Participation in developing the EST Data Center & a VTF-like instrument (TIS)
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The KIS Science Data Centre — Introduction

Sonnen physik (KIS)

The Science Data Centre (SDC, https://sdc.leibniz-kis.de) is a service launched by the
Leibniz-Institut fUr Sonnenphysik (KIS) with a two-fold main purpose:

1. To provide a common platform for the solar community to
STORE ACCESS ANALYSE ARCHIVE DISSEMINATE
solar data produced by a heterogeneous group of scientific instruments.

2. The development of

* new diagnostic tools, e.g. stochastic analysis of fluctuations in physical parameters
« data science, e.g., research on statistical properties from solar data all over the archive
* high-level data products, e.g., automatic inversions run over all archived data

14/09/2023



The KIS Science Data Centre — Collaborations of

Leibniz-Institut fir
Sonnenphysik (KIS)

SDC Cooperation with EU H2020 & DE projects

= Coordination of the WP5 Towards a European Science Data Centre
SOLARNEY » Participation in the Virtual Access Programme (WP10) with the SDC archive

\z ESCAPE Collaboration Agreement is intended to bring all ESFRI projects data like EST into a
ESCAPE common framework and towards the European Open Science Cloud (EOSC)
S = Participation on WP4 integrating ground-based solar data in the Astronomical VO
Participation on the ESFRI Science Analysis Platform (WP5) including high-level ground-based
solar data tools (ESCAPE H2020 ended in Jan 2023)

/

Coordinator of the EST Data Center concept design

1
=
m
Mm
Ul
-

= Representing the solar community as participant in the German PUNCH4NFDI Consortium of
the particle, astro-, astroparticle, hadron and nuclear physics community in Germany

PUNCH aims to develop a common German infrastructure that brings together all German data
centers and data in this broad field into a common framework (implementing FAIR principles,
common data lake,...), similarly to the ESCAPE goals at European level

14/09/2023 4



SDC data archive and
dissemination



Current Structure of the Data Archive -

Leibniz-Institut fir
Sonnenphysik (KIS)

o Central archive for 3 instruments: GRIS/GREGOR, LARS/VTT & ChroTel

o BBl integration planned for this year

GRIS/GREGOR ChroTel Lars/VTT

oooooooooooooo -133342_clv6149_mul0.ns

10 77
.
.

2014-08-29 10:51:10 UT
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KIS Science Data Centre Archive

@ soC Archive  Home

KIS Science Data Centre - Archive

o The SDC archive web allows to query data through
date, wavelength, heliocentric angle, target,..

o archive.sdc.leibniz-kis.de: web interface for data s
preview and download | o

o FITS data compliant with SOLARNET and [VOA*

metadata standards

204k observations

Access to calibration resources (GitLab)

Help Centre

Data availability calendar

Jupyter notebooks launched via

@ binderhub * service allow to explore GRIS

datasets on the cloud directly from the SDC archive

page (for GRIS data)

o Link to access the selected target on Jhelioviewer

ChroTel EZZD)

sssssssssss lar Disk [1]

Obsen

O O O O O

2021-06-02
08:18:20 - 08:19:04  Pore

Double click to zoom

*BinderHub is a cloud-based service that allows users access to a sharable,
interactive, and reproducible computing environment to execute and modify a
chosen workflow or create their own workflow.

14/09/2023

08:22:37 - 08:37:04  Pore

0505

1.083um/1083.05\nm  57.527 ©/deg

0.537p

7515 MB



SDC archive dissemination — Data publicly

avallable

GRIS-slit/GREGOR

instrument:

o GREGOR Infrared
Spectropolarimeter:
Collados+2012; operated in the
1.56p and 1.08u (Hel) spectral
windows

o Data available from 2014-onwards

o Upcoming soon: GRIS-IFU data

14/09/2023

Observation gris_20170929_011

GRIS Inversions - Ca 110838.97 A
20170929_011

Double click to zoom

Details Log
Observation Name
Observation Start [UTC]
Observation End [UTC]
Observation Target
Filter / Central Wavelength [nm]
Exposure time[s] @)
Accumulations
Heliocentric Angle ®
Mu
Field of View [arcsec x arcsec]
Resolution [pixel x pixel]
Imaging System
Atmos RO [cm]
Step Size [arcsec]
Individual Files

Inversion Info
See on Helioviewer
Explore Dataset on Binder

Select Products

Everything x

Download 1.69 GB

-4

Leibniz-Institut fir
Sonnenphysik (KIS)

gris_20170929_011
2017-09-29 14:44:48
2017-09-2915:09:1
Sunspot(s)
1.083um/1083.39
1.00

10.00

20.369

0.937

65x 46

250 x 437

SLIT

20-7.2

0.135

250

VFISV Milne Eddington
Inversion Code

Helioviewer

 launch [binder

Like our data? Cite us!




SDC archive dissemination — Data publicly -

Leibniz-Institut fir

available s
GRIS-slit/GREGOR instrument: Stokes | Stokes O

3
o Science-ready (Stokes parameters) ZZ';nce'ready w ‘“ i
data: ' .'#
4

data calibrated applying M.
Collados’ (GRIS PI, IAC) calibration
routines

Stokes U

Vertical component of the magnetic field M-E inversion results

o VFISV (Borrero+2011) M-E inversion ,

Horizontal component
results: N , | ofthe magnetic field
Magnetic field vector and LOS Context info R N
velocities e ——— ' R -

LOS velocities

o HMI context information: location of
target on HMI intensity maps
included

©
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SDC archive dissemination — Data publicly

avallable

LARS/VTT instrument:

o Laser Absolute Reference Spectrograph:
Doerr (2016) PhDT; Lohner-Bottcher+2017;

o Smgle mode fiber fed instrument for precision
solar spectroscopy in applications
that require a high signal-to-noise
ratio and an accurate wavelength
calibration @520nm and 630nm
spectral windows

o Science-ready (spectroscopic) data:
data calibrated applying
Doerr+L6hner-Bottcher’s calibration routines

o Limited datasets: 2016-2018

o HMI context information: location of
target on HMI intensity maps included

14/09/2023

Observation lars_20180511_120311_clv6149

Relative Intensity

1.0

o
©

o
o

o
>

0.2

0.0

i@ sbc Archive

lars_112_20180511-120311_clv6149_mu02_s.ns

614.7

614.8

614.9 615.0
Wavelength / nm

Double click to zoom

615.1

615.2

Details  Log
Observation Name
Observation Start [UTC]
Observation End [UTC]
Observation Target
Filter / Central Wavelength [nm]
Exposure time[s] @
Accumulations
Heliocentric Angle ©
Mu
Field of View [arcsec x arcsec]
Resolution [pixel x pixel]
Imaging System
Individual Files

See on Helioviewer

Select Products

Everything X

Download 41.21MB

R

Leibniz-Institut fir
Sonnenphysik (KIS)

lars_20180511_120311_clv6149
2018-05-1112:03:14
2018-05-1112:24:29
Sun
Unknown/614.95
424.33

1.00

78139

0.200

20x20

1x1

1

Helioviewer

Like our data? Cite us!
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SDC archive dissemination — Data publicly -
available

Sonnenphysik (KIS)

, SDC Archive [ L |

. Observation chrotel_20140902_110310_ha
o The Chromospheric Telescope: N—

ChroTel data:

. Details  Log
(Kentischer+2008; Halbgewachs+2008; Slssstontine chrotel_20140902_110310_ha
Bethge+2011) is a full-disc imager of the solar Z:““:?":‘j'[:jzl zz;z;z:j::zjj;’
Chromosphere in Ca” K 393nm, HG 656nm, Observation Target Sun

Filter / Central Wavelength [nm] H-alpha/656.20

and Hel1083nm

Exposure time[s] @ 0.10
> Accumulations 1.00
H . Field of View [arcsec x arcsec] 3046 x 3046
o Science-ready data: —
Resolution [pixel x pixel] 2048 x2048

data calibrated applying Ch. Bethge’s
calibration routines

Imaging System
Individual Files 1

See on Helioviewer Helioviewer

Select Products

o Continuous datasets from 2012-2020

Everything x

Double click to zoom

see Poster Nr. 30: Counter-streaming flows during a solar
filament eruption with ChroTel data 1
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SDC archive dissemination — Data access s

SDC archive web — allows for browsing through data

APIs:

An application programming interface (API) has been set up that enables programmatic access to the
data archive for external users. Currently, the access is provided via a RESTHeart API connected to the
MongoDB database.

The service is accessible at https://restheart.sdc.leibniz-kis.de.

Applications can be built against this API for easy access to our archive.
In collaboration with Aperio Software Ltd.
o EPN-TAP:
The SDC archive data is also accessible via EPN-TAP services at the end-point:
http://dachs.sdc.leibniz-kis.de/tap.

Our TAP end-point is registered with the IVOA Registry of Registries and is searchable via the various VO
networks/clients (e.g TOPCAT, Aladin, ESAP) extensively used by the broader Astronomical community

12
14/09/2023
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SDC archive dissemination — Data access

o Via the SOLARNET Virtual Observatory

The SDC archive data can be accessed via the
SOLARNET VO which offers the possibility to
cross-search data of various solar observatories

Filter datasets

Telescopes

ChroTel
DST
GREGOR
Hinode

Characteristics

calciumil-K
derived product
E.UV.

full sun

Tags

calibration data
ison transit
lovejoy transit
low quality

Observation date

start

SOLARNET Datasets Data selections HEK Events

Hide

Dataset

CHROMIS

|

EIT level 0
EIT synoptic

EUl level 1
EUl level 2

EUVI level 0
GAIA DEM

GRIS level 1

HMI magnetogrgm

1BIS

LARS level 1

I LYRA level 2 I

Count
245
243670
247

36470
18482
173738

166473

5562007
686263
637
50181
1396

610
4794

Telescope
ssT
ChroTel
ssT

SOHO
SOHO

Solar
Orbiter

Solar
Orbiter

STEREO
SDO
GREGOR
SDO
DST

vIT
PROBA2

Instrument

CHROMIS

ChroTel
CRISP

EIT
EIT
EUl

EUl

SECCHI
AIA
GRIS
HMI
1BIS

LARS
LYRA

Nazaret Bello Gonzélez ~

Characteristics
ground based, spectograph
EUV, full sun, ground based

ground based, spectograph, spectropolarimetric
data

EUV, space based
E.U., derived product, full sun

EUV, Lyman-a, full sun, partial sun, space based

E.UV, Lyman-q, partial sun, space based

E.UV., full sun, space based

E.UV., derived product, full sun, space based
ground based, spectograph

full sun, space based

ground based, partial sun, spectropolarimetric
data

ground based, spectograph

E.UV,, UV, radiometer, space based

Sonnenphysik (KIS)

o Via the ESCAPE ESAP platform

The SDC archive data can be now also accessed by the
broader astro-particle and astronomical community
through the ESFRI Science Analysis Platform developed
within the framework of the ESCAPE H2020 project

[ ESCAPE

WSAT-Apertf ASTRONVO

RUCID

NOTE: We are shifting the access of GRIS data to the EPN-TAP service at the moment -> GRIS Level 2 data will become available in

the SVO soon

14/09/2023

NOTE: All activities within ESCAPE H2020 and beyond are intended to bring all ESFRI projects
data — including EST-- into a common framework and towards the European Open Science Cloud
(EOSC)

13



SDC Back-end

Calibration
(IDL)

Typical Data Pipeline

Archive

Rucio/dCache

Collect
Observations,
Improve
Metadata

General

Observation Date

yyyy-mm-dd
Min: 2014-04-27

yyyy-mm-dd
Max: 2021-09-21

Observation Time

Embargo

Only Public Data

GRIS
Position on Solar Disk [0]

0t090
0t090

Off disc

i sDC Archive

Next.js, Bootstrap and Spring Boot

GRIS observations 1276

[P Download selected
Previous 2 3

~

w

2021-06-02
08:58:09 - 09:07:22

2021-06-02
08:22:37 - 08:37:04

2021-06-02
08:18:20 - 08:19:04

128 Next

1.083um/1083.05 A/nm

1.083um/1083.05 A/nm
Pore

1.083um/1083.05 Mnm
Pore

59539 O/deg
0507

59.657 O/deg
0505

57.527 ©/deg
05374

874.35MB

OS]

133GB A

7515MB ‘

https://archive.sdc.leibniz-kis.de/

adapted from C. Schaffer (KIS)

14/09/2023

A,

Leibniz-Institut fir
Sonnenphysik (KIS)
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SDC Back-end

o SDC scales to multiple sites

o OT already is an edge
(in a sense)

o Could have more sites similar to
KIS

o One data lake managed by Rucio
o Standardized Software & Pipelines
o Open Source!

o Requirements are similar throughout
astronomy

o Metadata standards implemented

14/09/2023

Data Management Layer | Application Layer

Storage Layer

A

Leibniz-Institut fir
nphysik (KIS)

e £ i ®) Data Access
N
i 0 MongoDB.
RUCIO ot
— = KIS : OTV .
= F ==

A r ? N &! dCache

15



Metadata

Grouping: observations | | .

kept in MongoDB
Corresponds to R
container
Header: IVOA
Used for VOs, e.g

https://solarnet.oma.be

Rucio DID

\% Rucio MDJ

plugin

14/09/2023

ucio

gris_observations
id: ObjectiD(name_uid)

metadata: dict
header: dict (IVOA)
tarsize_l1data: int
data_quality: int
campaign_id: str
embargo_until: datetime
links: dict

type1: list of DBRef

typeN: list of DBRef
lastModified: datetime

gris_data
id: str (DID)

filename: str

|Ienglh:int
metadata: dict
date: datetime
type: str
| header: dict (opt, SOLARNET)
| md5: str
mimeType: str

uploadDate: datetime

MongoDB

Header

File
= FITS-Header

gris_auxdata (GridFS)
id: ObjectiD

filename: str
length: int
chunkSize: int
metadata: dict
date: datetime
type: str
header: dict (opt)
md5: str

mimeType: str

uploadDate: datetime

L

Leibniz-Institut fiir
Sonnenphysik (KIS)

Science-ready data

* kept in Rucio (file)

* Versioned!

* FITS-files?) (contain SOLARNET
conform header?)

* Subject to embargoes

* Header: extended FITS header

* Eventually associated to DOIs

Volatile data
(previews, log-files, calibration files, etc.)

* Kept in MongoDB / GridFS

* No science-ready data

* Used on: https://archive.sdc.leibniz-kis.de
* One (latest) version, only!

Y https://arxiv.org/abs/2011.12139.
2) https://fits.gsfc.nasa.gov/fits_documentation.html 16



SDC GRIS Data Exploration and
Analysis — GRISview



GRISView - GRIS data explorer and analysis tool

Explore GRIS data from the archive
Analysis of Stokes profiles and maps
and/or the inversion results including
the fitted profiles

Figures created with GRISView can be
saved, re-worked and downloaded
Written in Python

GUI based on PyQt framework and
PyQtGraph package

Open-source and uses
community-developed open-source
packages AstroPy and SunPy

Support for all GRIS data products:
science-ready and inversion results
Fast, interactive and user-friendly
Planned: support for other
instruments

14/09/2023

K.
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P4 GRISView - gris_20140509_008 v-~Q
File Maps Spectra Help
waps [ o s ]l vew | specs [l & b =) 5 = T
Wavelenqth e - | 10534548 A
POl v On/Off Measures R P T P T R P P R P T PR P
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SDC Data Analysis



. | | -
Stochastic diagnostic of fluctuations of observables s

107 5
102+

107 E

107+

Visualization-strat

4| full pdf in black

egy

p(dsy > 0)

s, <0) ~ XP(Idsrl) (DFT)

1
|

« Fluctuations sequences are characterized by a

part of negﬁllve argument

catter)

single parameter Os.. — stochastic entropy

flip part of the negative
argument
(green solid)

times exponent (green pI’Od UCtion

-+ Positive and negative entropy production are
] connected via an exact relation known as
detailed fluctuation theorem (DFT). The case
5 of the quiet Sun HMI data is explored

108

14/09/2023

AS;

Figurel. Experimental verification of DFT.
Contact: gorobets@leibniz-kis.de

» Stochastic entropy productions reveals new
properties of the observables [1 See Poster by
Gorobets & Berdyugina

10

Gorobets, A.Y., Berdyugina, S.V., 2019, MNRAS Lett., 483, L69
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New ChroTel data products o

o Amelioration of ChroTel datasets. Shen+2018 made use of
Zernike polynomials to approximate intensity variations in
ChroTel images introduced by the Lyot filters. This led to an
evident improvement of the datasets affected by these intensity
variations.

o These techniques will be applied to all archived ChroTel data ™ — ——— T— Low
actually off-line and will be included in the SDC archive

ChroTel 2013-01-14 12:36:10 UT ChroTel 2018-11-10 14:48:10 UT

o ChroTel high-level data products. Diercke+2023
(in prep.) have successfully applied segmentation
techniques with DNNs to detect chromospheric
filaments in H-alpha | images.

These high-level data products will become
available to the scientific community through the
SDC archive access paths

21
Contact: diercke@leibniz-kis.de



original image norm. pred. denorm. pred. correlation orig. - pred.

Welocity_original image Velocity Wlocity_reconstructed Aoon

High-level data products: I' l' I' ;z:’:;:;::::;":a"s;
Inversions using NNs — First tests - ~Hl- CE - /
e GRIS (M-E) inverted Stokes profiles are i peiny
used to train a Convolutional Neural ’
Network (CNN) - Bl - b
e as first basic tests to infer the magnetic :C s ) :n . i : e

[e]
8

results

field parameters and LOS velocities T |
from data with NNs trained on inversion - - o

175
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Conclusion and
call to data providers
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The KIS Science Data Centre

On 15 Nov 2021, SDC platform was launched as a service for the solar community
https://sdc.leibniz-kis.de

During the last years, we have been building a solid infrastructure foundation for
future needs meaning flexibility and scalability for large data amounts, software

development and computing power

We warmly welcome your feedback and suggestions on how to improve the
platform

14/09/2023 24



The KIS Science Data Centre

H
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On 15
https:

During
future
develc

We wz
platfor

SDC call to Data Providers:

Those interested in the storage and dissemination of solar

instrument/observatory/simulations data, please, contact us:

sdc-team@leibniz-kis.de

Planned data providers:
DKIST data and Ondrejov Observatory ‘solar patrol’ flare data

bmmunity

on for
ware

he

14/09/2023

25



