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GSI Helmholtz Centre for Heavy-ion Research F'\lR iI= 5= 1L

in Darmstadt, Germany with 1350+ employees & 700 external users

Linear Accelerator Ring Accelerator
UNILAC SIs18

Who we are?

\/ lon Sources
Founded in 1969

Elements H to U can be accelerated ~

Fragment Separator
FRS

Experiment and
Storage Ring ESR

Past Achievements r~ ‘ /('

Research Interests

- Experiment and
Storage Ring CRYRING

\/ o S
—
—

Discovering six new elements, Main Control Room S

many exotic nuclei . e  Accelerator Physics
Developing a new cancer treatment eperiment Halt e  Detector Development
100 metere e  Atomic Physics
e  Nuclear and particle Physics
Our future e Plasma Physics
e  Biophysics
First stage inj\egor for the FAIR ° M.aterlals Research :
o1 e  High-Performance Computing
facility . .
Experiments continuing (FAIR o nseneeel e
Phase-0)
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FAIR (Facility for Antiproton and lon Research in Europe) F'\lR =5 1L

New accelerator facility

N
e  Top priority for European Nuclear Physics Community
e International: 50 countries, 3000 researchers
e Diverse community from atomic to particle physics
e 'FAIR goes F.A.l.R.: commitment to open science
e  Towards the next generation “data challenge” Volume, Velocity,
Veracity, Variety, and Complexity
° ~TB/s data rates, online processing, ~5x105 cores
e Data stored to disk 40+ PB/year
e  Distributed computing with a large user community

e Data preservation and accessibility key to success

-

Parnda
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Produktior
ABUET Alomkerme

T =— Produkdion van
Antiprotonen
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Research Data and Software at GSI: Rich and varied F-\IR == 1L

Pre-processed data Results
'3 000 Signal = 52413
49401004 § 8000 ?,i%"fﬁ?;f“ 179.93

00100114 10 Mean = 1114.37 +/-0.16 Me}/c*

1 oooo 1 1-‘ x ?3:1‘.35;:.14 +/- 0.01 MeV/g
01 1 0'1 0‘\"‘\ 4000 HASEg’;reliminary
77010011\ - A

l::lj-: | 1 1 \ A S R

M ]
20001000 n 100020003000

Research Area Exp. run time Raw data Simulations Final datasize
Materials science ~Minutes ~MB-GB - 10MB
HADES 3 weeks 130TB 150TB <1TB
FAIR CBM 2 months 18PB 9PB 4PB

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 4



F.A.l.R. data principles and metadata F'\lR iI=5= I

Findable e t Indexed data

e Metadata is essential in Research Data
Management and Open Science to
enable FAIR data (and code)

Standard Authentication,
communications where necessary

protocol

Allows datasets to be searched for
and found
Enables interoperability between
datasets
S— Faclilitates data reprocessing
Promotes efficient use of
resources

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



Underlying problems in Data Management

Growing data volumes IS THERE A REPRODUCIBILI'

Unstructured data i

3%
No, there is no

Reproducibility crisis ‘
Lack of user awareness

researchers
surveyed

in RDM practices 1,576

38% .
Yes, a slight

crisis

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Funding was
denied due to
unclear data
management

Lost crucial
research due to

My data is

disorganized
and hard to
interpret



Standard Workflow in Experimental Nuclear Physics F'\lR I=== 1L

Workflow is representative of N
experimental procedures at GSI and | o
similar facilities. S ‘ J
«‘Wq;:\@ J management system
Each stage generates specific metadata v __m,

f’ff
@
Experiment

Our metadata stratification and [ T
categorization is grounded in this

crucial for data management.

O

30

GSI GitLab

Y

Partallel distributed
File Systrem
(Lustre)

workflow. [ } JE

Cluster computing
Infrastructure

(HPC)

Definition of Digital Research Product

o
A 4 B

(PUNCH4NFDI) - https://www.punch4nfdi.de/  caon

~
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Digital Research Product F'\lR iI=5= I

“All digital outputs of the research process have to be referenceable”

Publication

arXiv, journals, ADS, open access
¢ DOI, ISBN

Workflow

Publication

REANA, Compute Resources, Containers ¢ SOftware

ENV, distors, ContainerID
0 GitHub, GitLab, ROOT, CASA
. Versioning DOI

Project

Dataset

Infrastructure

Zenodo, Public and Collaboration data

Accelerators, Detectors, Radio telescopes o repositories
instrument records DOI, PID
Versioning, DOI

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH



Project Overview F'\lR iI=5= 1L

Objectives:
Develop a standardized, adaptable metadata
schema.
Facilitate data input, referencing, management
and publication.

Nuclear, Astro, and Particle Metadata
Integration for eXperiments

Addressing problems:

Growing unstructured data, e e e s N ons, )
Diverse data formats and nomenclatures, o N EELOP
Difficulty in data sharing across institutions, SITUATION: || FEUNERAL SO0 || SiTUATION:
No common schema yet between nuclear u e || VELES e || e

\ J
physics experiments. STANDPROS. )(Ai %  PRDE,

By Randall Munroe: https://xkcd.com/927
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 9
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Example: GSI accelerator facility F'\lR iI= 5= 1L

lon sources
Type,
Projectile lon...

Beam Energy
Beam Intensity

Separators
Type, Reaction...

=]
Experimental areas
/ / Produced Isotope
' ' Experimental setup...
(A Green Cube '
' Dataset location, size, - » WE
. FG
‘\ &
.‘1
‘\\\H -

&
- 4
>
oL
@
3
&
=2
T
Q
[}
=
2

Photo: © GSI: G. Otto
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FAIR

Importance of Standardized Metadata =5 1L

Issues with non-standardized metadata,

Impact on data discovery and utilization,
Standardization facilitates automation and machine readability,

Facilitates data sharing and collaboration

Enhances data quality and integrity
run_0012_ PG_S5S452f001_0001.1md . tar
run_0013_PG_5452f001_0002.1md \y NOHT.tar

run_@a 14___PG_ S452f@®1_®®@3 .1Imd IT.tar
S4521001_0004 . 1md IT. tar

"S452f001_0005.1nd °
- 5452001 _0006.1md ''— 5ok

run_0015_PG
run_0016_PG
run_9017 %0, c/551pp1_0007.1nd J%-tax

File Final file Start Stop Time Slits (mm) Settings Comments
S452f001 _0114 | 03.06 04:24 06:45 3:21 +/- 30 @ s4 206Hg 206Hg fragment in S4 at 04:20
S5452f004 _0025 | 03.06 08:50 09:26 0:36 +/- 30 @ s4 206Hg Checks on thresholds in Ge
5452f005 _0017 | 03.06 09:48 10:07 0:19 +/- 30 @ s4 206Hg Changes to thresholds (200mVY—100mV) in Ge
S452f006 _0027 03.06 10:10 12:10 2:00 +/- 30 @ s4 206Hg The angle of the S2 wedge was adjusted for achromatic beam.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Metadata stratification F'\lR I= 5= 1L

Project specific
metadata

Project name, publication date,
collaborations, researchers,
institutions, journal references

Discipline specific
metadata

Projectile data, target data,
infrastructure, detector type,

datasets, software repositories Experiment specific

metadata

Reaction data, gamma-ray
energies, time of flight parameters,
instrument records

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 12



Metadata stratification F'\IR I= == I

Metadata level Accessible Interoperable Reusable

Project Specific: Standard project
information, names, dates, ><
institution...

Discipline Specific: Projectile,

target, detector type, datasets...

Experiment Specific. Gamma-ray

energies, Time of flight \/
parameters...

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 13




The Metadata Schema Design

Nodal, Multi-Layered Structure:
Keeps data in common on top
Clusters separated but interconnected

Metadata Enrichment:
New tables or fields can be added to the
Experiment cluster to capture additional
nuclear physics metadata,

Other domains can create their own
specific clusters while sharing the
common Project and Dataset layers.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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The Metadata Schema Design F'\lR iI= 5= 1L

Nodal, Multi-Layered Structure:
Keeps data in common on top
Clusters separated but interconnected

Benefits:
Customization: Researchers can capture all necessary
metadata specific to their experiments,
Findability: Clearly defined relations between the
clusters makes search easier
Interoperability: The common layers ensure that data
remains interoperable with other systems and disciplines,
Collaboration: Facilitates collaboration by allowing A
different domains to understand and use each other's L .
data. e T

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 15



Implementation process F'\IR iI=5= 1

Concept Implementation

Category.
Daza_Callection Leeenne
rame: vaschar(45)
name varchar45) name: archari45) created_at: daetme(s)
created_at datetimers) created_at: datetimes) upcated_al: datetme(s]
updated_at: daletme(t) updated_at: casstme|s) created_try_id: it
created_by i it croated_bry_id: int 8
Modsl - Cardinsity . Metadats - Example Filed Fisld - Descriptor - Fisldtyps - i, bagnt 1 m
: " § it bigint : bigice x ¥
Gereral Iomaten Pease 6 thes cubierm foe an Sxsmye coemet [ - Measurement of S5Ca + 181Ta
name: varchar(4%)
Project 1 Project Name Mewaserent of 45Ca+ 1617 Mame of Propect Sting crumiod_ak: dbetirelt) b * MHorma e
Project 1 Pusicadon Date [T Diate of s Fublcason Date updated_ae: datstimest)
- - ST T -
Broject o1 Bropossl NumberSroject [0 522012022 Cficial experiment Fumber Dbtanec sssgned al e propesal & String L
Project o POF Topic Casemic Mater n the Laboraiory Helmholtz Program Orierced Funding Siring = J "—¥_""“
Project o Jowmal references Jous el Hame: D Linkes 1o putkations dersd rom data Sty - \ i
i J [—— +
Prowe: o Sofware ratecnces T RecOUAL  Links wih ams stng + p S .+ ®
Proee: 1 Faeilnyinssnute of Data Genaraton ) 0 et griseatinn Srng Format | +
Prosecs o Idrastructure SHP COUPASS Inbatintirs utng n dita gererstion Sting name: varehari4s) B [ * i
st " Restom wcar 1oima Uk o Rt ey srosm s Sanira) e e 28) oo |
T z updated_at dasetme(B) pidl: varchan{128) T CamTNT
Project o Colaboration Bk 10 project SHP Decay Spectrescopy Sring csmind_by_ld cart et e R
Project Created by Proet record creanon author ey TN, VrChs[45) wrd_dal; date + = T A Plapiics + =
Project Crasted st Project record creatiort Smestamp Cate d: bigen A Jc )
rsion: ymicha(45) +
Project Updsted 31 Project record update tmestamp Cate * Is_embarge: smyni[1)
embarga_date: date
created_ar: davesme(s)
[r— 1 Deparmentivision Mame NUSTAR-SHE Pyscs Dt Degartments srng L pdaled_oi: detesime(s)
Doptect w1 Deparmartiivisiss Shor name SHE Prpsicn Ate Dpsrtment roere g categary_d: bignt
Dapstrct DeparmertDivisiss created Sting LIy .
e data,_callection_idt bignt
Cepatmert DepammentDivisien cremed a1 Date Boense_id: tagint
Depatmen DepartmentDiviskon sjated at Date ek V(1
Lby.§ SescrpBon: engies
undated_al: datetme(S) datasel_type_id bigig
i gt i bgnt

—_—
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The Database Schema Design F'\IR iI=5= 1

Experiment cluster

Thickness_Unit | [ Source_Measurement_Parameters |

)] h Reaction_Type
' " ) )
[ ) )
‘ Rear_Backing ‘ Front_Backing ]
| Beam_Energy_Unit I A
A - Reaction
y
A ‘ Source_Type
-~ - . e . - <
>
Frequency_Unit | ( ) ]
’

‘ Beam_Spread_Unit |
Density_Unit | Project_Reaction

A
Beam_Intensity_Unit | * L

i | T 1 T P!
r >
I | Product Targat[L‘ Target_Location ‘
4 ﬁ
Projectile Reaction_Channel I 1 Target_lsotope ‘

Target_Material l

f Particle — Dataset_Reaction
B |
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Metadata Schema Generator F'\lR I= == I

WELCOME, ADMIN. VIEW SITE / CHANGE PASSWORD / LOG OUT ﬂ

GSI Metadata Administration

Home » Gsimetadata » Projects

Start typing to filter. - :
Select Project to view

Groups + Add Action:

1 of 5 selected

Users + Add
PUBLICATION DATE INSTITUTES PROPOSAL NUMBER

Export to ]SON (G5I encoding)

: ) ly 1 4
Export to JSON (DataCite encoding) July 15, 202 GSI

Ll s1 Export to XML (GSI encoding) uclei far from stability July 1, 2024 GSI, GSI S100

Datasets + Add -

U Expl Export to XML (DataCite encc—dmg} experiments weith stopped ion beams June 28, 2024 GSsl S482
Infrastructures + Add -

L] Test of all Metadata June 13, 2024 GSl, GSI G111-X¥2
Institutes + Add

The 48Ca+181Ta reaction: Cross section studies and investigation of neutron-deficient 86<Z<93 isotopes April 11,2024 G5l G2024-123
Projects + Add

1 5 Projects

Reactions + add
Researchers + Add

A tool that allows users to export comprehensive metadata for a selected project.
Supports multiple formats and encoding standards.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 18



Metadata Schema Generator F'\lR I= 5= 1L

XML schema JSON schema
"reactions": [
<Reactions> {
<Reaction> "name": "208Pb + 9Be",
<name>208Pb + 9Be</name> " ti t ne o wE tati "
<reaction_type>Fragmentation</reaction_type> Teaction_type . Tagmentation-,
<source_type>Accelerator</source_type> "source_type": "Accelerator”,
<Projectiles> " ; ; "
<Projectiles projectiles": [
<Isotope>Lead (Pb-208)</Isotope> {
<Percentage>100.0</Percentage> ”isotope" : "Lead (Pb-208)",

<Beam_energy>1050.0</Beam_energy>

<Beam_energy_unit>Megaelectronvolt/nucleon (MeV/u)</Beam_energy_unit> percentage”: 100.0,

<Beam_operation>Pulsed</Beam_operation> "beamEnergy": 1050.0,
<Average_beam_intensity>1500000000.0</Average_beam_intensity> " siu.om "
<Beam_intensity unit>Particles per spill (pps)</Beam_intensity unit> ”beamEnergyUnlt". ”Megae1?CtI0nV01t/nUC1eon (MeV/u)™,
<Beam_destination>HFS5</Beam_destination> frequency_type": "Pulsed",
/;BE?m_:!r{*StablE*=/Beam_twe> "beamIntensity": 1500000000.0,
</Projectile> " . e . . "
</Projectiles> beamInten§1tyL_Jn1t : "Particles per spill (pps)",
"beam_destination": "HFS",

"beam_type": "Stable"

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 19



Metadata Schema Generator - data serialization F'\lR =5 1

[ Python Object ]

Serialization

JSON format/XML format/Byte stream

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

\4

Deserialization

Serializing each smaller cluster separately,
Increased schema flexibility,
Relationships maintained

20



Metadata Schema Generator - Custom attribute names F'\lR =5 1

Original attribute
name

Desired attribute
name

Attribute names can be customized via code (array mapping),

Supports interoperability across platforms and institutions,

Provides flexibility to meet specific metadata standards,

Plans for making attribute customization more accessible through the UL.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Interoperability with Other Systems F'\lR iI= 5= 1L

==u XRootD/SciToken-Based Access

% Soren Fleischer, Rouven Spreckels

Designed to integrate with research data
management systems,

Outputs fully compliant with international
metadata standards like DataCite,

Can be used when depositing data in
repositories like Zenodo,

Planned support for standard data =

. v
exchange protocols like OAI-PMH?*, 6

Easier harvesting and synchronizing metadata
between the systems. i
*Open Archives Initiative Protocol for Metadata Harvesting || ” ” |

MyCORE-MIR Publication Repository

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 22



FAR c=x

Open Science Initiatives:
.

[ ]
I N | . H E P European Science Cluster of Astronemy &
L Farticle physics ESFRI research Infrastrugtures
.
\\

TECNICO
LISBOA — —ClEAR—
[ ] I %% TECHNISCHE
‘ l'\N I ff_?%ﬁfi; UNIVERSITAT
L Y'Y DARMSTADT

—_— == A EUR@"'LABS = PUNCH
H M C EUROPEAN LABORATORIES 2o 4N FD I
|J FOR ACCELERATOR ::'__-'._ g »

M
ional de Aceleradores BASED SCIENCES

HELMHOLTZ ZENTRUM
AN

Collaboration and Synergies

Involved Institutions:

DEe0SC

Funded by:
“ee’ OSCARS

‘00
NAPMIX .':..

DRESDEN ROSSENDORF
Karlsruher Institut fur Technologie

23
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Future Outlook F'\lR I= 5= 1L

Frontend development
User Interface,
Advanced search filters,

Additional features
Automatic metadata import,
Attribute customization,
Collaboration mechanism, Contact us

Integration with other systems
Integration within the PUNCH4NFDI ecosystem,
Support for protocol OAI-PMH*,

Community expansion
The service will also be onboarded to the ESCAPE
Open Source Software Repository (OSSR),
Inclusion to the in the EOSC marketplace,
Full accessibility to the wider scientific community.

Questions?

open-science@aqgsi.de

*Open Archives Initiative Protocol for Metadata Harvesting
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