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NOBUG2024 Satellite Meetings

Open Databases for crystallography and other techniques



Outline

• Demand on XAFS database

• XAFS database at SPring-8

• Discussions toward Integrated XAFS databases
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• MDR XAFS DB

• Summary



Demand on XAFS database

• XAFS spectral data of standard sample

is usually used to analyze unknown target   
(Fingerprinting , LCF etc.)
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† M. Takaoka et al., Environ. Sci. Technol. 
39, 5878 (2005)

Global XAFS Journal Club on 

https://tinyurl.com/XASvideos 

• Data-Driven analysis (AI, Machine Learning)                      
will give us structure directly from the spectral database

Activities on Data format, Machine learning… 

XAFS database reduces the time and cost  

needed to measure reference sample by yourself 

X-ray Absorption Fine Structure (XAFS) 

https://tinyurl.com/XASvideos


XAFS database at SPring-8

• Measured by JASRI staff at BL14B2
• Transmission mode
• Quick scan (Energy:  3~70 keV)
• Sample: commercial reagents

• Available for Product info. (lot no. etc.) 
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• Database service
• Experimental Data Transfer System, BENTEN

• Largest XAFS dataset among Japan SR facilities

• HAXPES (Hard X-ray Photoelectron Spectroscopy) database  
for standard samples at BL46XU is also available

Ref.

• H. Ofuchi et al.,  Radiation Physics and Chemistry, Vol. 218, 2024, 111581

• https://support.spring8.or.jp/BL/bl14b2/xafs/standardDB/index-e.html

https://support.spring8.or.jp/BL/bl14b2/xafs/standardDB/index-e.html


Data Access Web portal, BENTEN 

• Authentication

• E-mail address registration

• Text data 

• Raw: PF9801

• Processed: Athena, Rex2000

+ Metadata with YAML
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Full-text search

Tree view

Thumbnail 
view

Files

Download

Statistics(2024.09)

Element 41

Sample 813

Dataset 2,119

https://benten.spring8.or.jp/

https://benten.spring8.or.jp/


Discussions toward Integrated XAFS databases

• Individual XAFS databases at Japan
• SPring-8, KEK PF, Ritsumeikan SR, …

→ How to establish cross-facility search?
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• Discussions in Japanese XAFS Society
• Use of NIMS MDR (Materials Data Repository)

• DOI to each dataset,  Flexible search, API 

• How to establish data sharing culture ? (incentive) 

• Data registration Process (DOI)

• Common Metadata format

• Data License

• Collaboration with IXAS (International XAS community)

• etc.

https://mdr.nims.go.jp/

https://mdr.nims.go.jp/


MDR XAFS DB

• History

• Basic functions 
• Search, Download, API

• Machine readable XAFS metadata
• Designed for Reusable

• MatVoc Dictionary

• Cross-Search of International XAFS databases
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MDR XAFS DB History: From Individual Data to Global stage

• NIMS-JASRI Joint Research
• June 2018 – : Development of Data-sharing platform Integrating 

material data and experimental repositories for Data utilization

• XAFS Database Meetings (XAFS DB Workshop etc.)
• 1st (Sep. 2018), 2nd(Mar. 2019), …, 18th (Sep. 2024)

• XAFS Database project using MDR
• K.Asakura et al., Presented at 23rd XAFS Discussion Conference (2020)

• July 2021: MDR XAFS DB public release
• https://doi.org/10.48505/nims.1447 
• Realization of Cross-Facility database

• 2022:  Ritsumeikan SR, Hokkaido Univ., KEK PF
• 2023:  Aichi SR, SAGA-LS

• May 2024: Realization of International Cross-Search
• Japan-US-Europe XAFS DB portal

• https://ixdb.jxafs.org/
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https://doi.org/10.48505/nims.1447
https://ixdb.jxafs.org/


MDR XAFS DB

Integration of XAFS data 
from 6 institutions*
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Ref.: M. Ishii et al.,  STAM Methods Vol.3 2023 - Issue 1, https://doi.org/10.1080/27660400.2023.2197518

https://doi.org/10.48505/nims.1447 

#Spectra Remarks

SPring-8 1,757 Hard X-ray

KEK PF 136

Hokkaido Univ. 199 Collection from User

Ritsumeikan SR 75 Soft X-ray

Aichi SR 72

SAGA-LS 24

Total 2,263

* Data registration for two new institutions in progress

#Element = 56,  #K edge = 50, #L edge = 24

Seamless cross-search               
across institutions

https://doi.org/10.1080/27660400.2023.2197518
https://doi.org/10.48505/nims.1447


MDR XAFS DB: Homepage
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https://doi.org/10.48505/nims.1447 

Open Access

https://doi.org/10.48505/nims.1447


XAFS Spectral list (2,263 spectra)
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Screening: Rapid access to the target spectra
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Screening Example
• Fe K-edge  98
• Sulfide 94

Screening
• Material name
• Common Keywords (absorption edge,       

facility name, beamline, spectroscopic crystal, 
higher-level concept of the material)

Keyword List
(A-Z sort, Numerical sort)



Dataset View,  DOI Landing page

Data details with thumbnails
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• Assign DOI to all spectral data

• Access spectra from anywhere via DOI

Common
Metadata

Metadata

for SR, XAFS



All Data available for download with CC BY-NC-SA
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• Credit must be given
• For non-commercial use only
• Modification allowed, bust must be 

shared with under the same license

Under discussion for Update
CC BY-NC-SA → CC BY

Changes needed 
as use of SR in industry 

are progressing ?



Example of Application with API

• After Screening XAFS data, 
GUI URL can be used as         
API query parameter 

15https://dice.nims.go.jp/services/MDR/manual/html/api.html

Seamless connection from GUI → API Batch Download GUI for XAFS DB

https://dice.nims.go.jp/services/MDR/manual/html/api.html


Metadata initiatives

• Hierarchical structure 

• Common Metadata
• Material dictionary etc.
• Designed by NIMS MDR

• XAFS metadata
• Specialized
• Designed by XAFS community
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• 2022-2023: Created common metadata for synchrotron experiments                     
at the Data Structuring Advisory Committee of the Japanese Society of 
Synchrotron Radiation Research (JSRR)

• Feb. 2023:  Published the common XAFS metadata approved                                      
by the Japanese XAFS Society
• Adopted by Aichi SR and SAGA-LS, and published in the MDR XAFS DB



Machine readable XAFS Metadata

Category #Items

data_info 27

facility 12

files 14

instrument 45

measurement 101

sample 33

reference 22
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YAML
JSON

Metadata Schema Definition

• https://raw.githubusercontent.com/xafs-db/xafs-

schema/main/release/20230203/xafs-schema.json

Metadata items > 254 items

• Filled for used items

(~100 for SPring-8)

• Only a few are frequently used

(Sample name, Absorption edge,…)

User input

> 134 items



MatVoc Dictionary
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Standardization of Chemicals name

• e.g. “Zinc oxide”：                   
Equivalent expression of following terms

• Zinc white
• philosopher's wool
• flowers of zinc
• Chinese white
• calamine
• ZnO
• 1314-13-2

Metadata : Key+Value
• Key management → Reproducibility, Reliability (Academic)

• Value management→ Cross-search（Machine understandable）

https://matvoc.nims.go.jp/explore/en/results/Q713

Frequently used metadata 

• ID (URI) + Representative name

• (wd: Q1800, Zinc oxide)

• Search index was implemented

Converted to Dictionary

Open Access

https://matvoc.nims.go.jp/explore/en/results/Q713


Cross-search example in MDR XAFS DB

19

“Zinc 

oxide”

doi:10.48

505/nim

s.3516

doi:10.48

505/nim

s.3594

doi:10.48

505/nim

s.3666

doi:10.48

505/nim

s.3667

doi:10.48

505/nim

s.2821

doi:10.48

505/nim

s.2726
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SPring-8 
BL14B2

SPring-8 
BL14B2

KEK BL-9C

KEK BL-9C

KEK BL12C

Hokkaido
-Univ.



International Dictionary sharing 

Expansion of                         
XAFS Materials Vocabulary, 
MatVoc (value management)
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XASLIB

SSHDE
/FAME

MDR 
XAFS DB

Number of 

Materials：955

International Cross-Search (May 2024)

Target Databases

Japan：MDR XAFS DB 2,263 spectra

US：    XASLIB 277 spectra

EU:      SSHADE/FAME 516 spectra

Cross-search of             
Japan-US-Europe  
XAFS databases

Category Value

Number of Items 1,481

Item Names
(Japanese/English)

2,958

Synonyms
(Japanese/English)

9,103

Chemical Formulas 748

Chemical Substance 
Classification

4 Levels * LISA XAS Database  48 spectra 

added on 13th Sep. 2024



International XAFS DB Portal, IXDB
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① Top page

e.g. Search for material name with

② Display a list of Material names

Search International DBs in Japanese！

https://ixdb.jxafs.org/

“銅”(Copper)
Note. Material names ≠ Sample names

containing “銅”

https://ixdb.jxafs.org/


International XAFS DB Portal, IXDB
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Japan:

MDR

XAFS DB

US:

XASLIB

France:

SSHADE/

FAME

③ Select    

“Q1426 : Copper”

Display a list of                          
links to spectra



Principle of IXDB
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IXDB portal
“銅”、“Cu”…

URL
Facility

MatVoc

Q1426

Q1426

Metadata converted into knowledge       
in graph database (RDF)

→②Integrated search using QID

NIMS Material Vocabulary 
Management Infrastructure

XASLIB (277spectra)
https://xaslib.xrayabsorption.org/elem/

MDR XAFS DB
(2,263 spectra)
https://doi.org/10.48505/nims.1447

SSHADE/FAME (516spectra)
https://www.sshade.eu/db/fame

③ To each DB→①Convert to QID (Material ID)

https://ixdb.jxafs.org/

Fluctuations in search terms (Material names),           
such as chemical formulas,                                
Japanese/English names and aliases

https://ixdb.jxafs.org/


From Vocabulary Unification to Knowledge Unification

Various repository data,  
international databases
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Unified representation of knowledge

Even if the data sources are different, if it’s XAFS,  
they can be placed under the same framework

Ontology concept

Application:

Cross-search for synchrotron radiation data 
(inner-shell knowledge integration)

Cross-search for XAFS + HAXPES (implemented)



Summary

• Achieved Integrated XAFS databases of Japan
• SPring-8, KEK PF,  Hokkaido Univ., Ritsumeikan SR, Aichi-SR, SAGA-LS

• NIMS MDR for FAIR-based & Data-driven utilization
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#Spectra = 3,104, #Element = 62 (Li-U),  #Absorption edge = 116

• International XAFS DB portal
• Achieved cross-searching of Japan, US, Europe XAFS databases

• Metadata initiatives
• Common metadata format, proposed by Japanese XAFS Society*

* Need to collaborate with XDI, NXxas (NeXus) for future standardization

• Value management in MatVoc → flexible cross-search 

• Expansion of MatVoc + Ontology for Knowledge unification

• Cross-search of XAFS-HAXPES was also implemented

https://ixdb.jxafs.org/

Welcome 
Everyone’s

Participations!

https://ixdb.jxafs.org/
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