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1. Summary of the Fundamental Parameters Initiative

Achievements & challenges

✓ 11 international workshops since 2008 (Europe/ USA/ Japan) (+ 2 in virtual format)

✓ > 100 participants (national metrology institutes, academic partners, industrial partners)

✓ joint generation of a comprehensive FP roadmap ( updated in 2017 )

literature database hosted by EXSA

✓ > 25 Publications

✓ mutual cooperations in various joint projects (e.g. academic, EURAMET and industry)

✓ Web page: https://www.exsa.hu/news/?page_id=13

✓ validation of recent FP values (determined by either theory or experiments)

✓ establishment of a joint FP database
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1. Summary of the Fundamental Parameters Initiative

MOTIVATION

• Fundamental parameters crucial for quantitative x-ray analysis

✓ Strong demand of users/companies from many application fields :

innovative materials, environment, chemistry, etc.

✓ Data bases (tables) – reliability – uncertainties ?

✓ Lack of recent experimental values (few measurements performed > 30 years ago)

• Improvement of experimental facilities and methods

✓ Synchrotron radiation, high resolution detectors, improved electronics, 

improvement of calculation speed, ultra-thin free-standing foils



1. Summary of the Fundamental Parameters Initiative

• Initiate new measurements taking advantage of technical improvements

• Perform similar measurements in different institutes to establish reliabilty (mutual

validation) and associated uncertainties of the experimental values

• Perform calculations for selected cases (use calculations for interpolations and 

validation purposes)

• Compare calculations to experiments

• Provide reliable practical tables to users

METHODOLOGICAL APPROACH



www.exsa.hu/news/wp-
content/uploads/IIFP_Roadmap_V2.pdf

http://www.lnhb.fr/pdf/IIFP_Roadmap_V2.pdf
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www.exsa.hu/news/wp-content/uploads/IIFP_Roadmap_V2.pdf 

selected snapshots

from the FP roadmap



www.exsa.hu/news/wp-content/uploads/IIFP_Roadmap_V2.pdf 

selected snapshots from the FP roadmap



International initiative on x-ray fundamental parameters

Tenth FP workshop - Round table discussion on FPs

Are there any recommendations for the most reliable data bases ?

• ionisation cross sections 

(including sub-shell values) – best: recent experiments

second-best: Scofield (Cullen) data

• fluorescence yields and CK

transition probabilities – best: recent experiments, second-best: Krause data

• line energies – best: recent experiments, second-best: NIST phys. ref. data

→ input to FP roadmap
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Literature database (https://www.exsa.hu/?inh=636)
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Examplary survey of new FP measurements: MAC values and Fluorescence yields

F: Univ. Friburg, L= LNHB, P= PTB 



Since EXRS 2018 ….

2. DXC 2018 

3. Eleventh FP workshop at U NOVA Lisbon,  May 16-17, 2019

4. Virtual FP workshop, November 5-6, 2020

5. Virtual FP workshop, June 24, 2021
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Attendees and exhibitors  > 400 X-ray scientists, with 70% from USA

Included was a special session and open group discussion on Advanced Fundamental Parameters, which 
served as the annual meeting for the International Initiative on X-ray Fundamental Parameters. 
Joel Ullom of NIST, USA served as Chair for the special interest group.

Exchanges with US experts and users   



3. Summary of the Eleventh FP workshop at U NOVA Lisbon
May 16 and 17, 2019
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• Joint session in the frame of QUANT’19 under the auspices of 

• Dedicated FP workshop issues on May, 16-17

• Session 4 - Scientific contributions

• Round table (including presentations of the workshop participants)

• Session 5 - Scientific contributions

• Report on 2018 FP workshop at DXC (USA)

• Objectives of the FP initiatives - Update of EG activities

• Discussion on joint FP projects and fund raising



4. Summary of the 2020 virtual workshop
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Agenda (November 5-6, 2020)

• 2 sessions from 13:00 to 17:00 CET

• 45-48 on-line participants ( > 50 registered)

• 15 20’talks of FPI partners

• Splitting into separate discussion groups:

- FP validation with reference to theoretical works

- FP validation with reference to experimental works 

- FP validation with reference to application fields

• Joint discussion on IIFP perspectives and upcoming workshops   

→ online survey on proposals for joint collaborative activities after the workshop 



. 

5. Summary of the 2021 virtual FP workshop

Objectives of the 2021 virtual FP workshop

• enhanced dissemination as part of the EXSA 2021 virtual conference

• updates on recent achievements in FP determinations

• special FP issue

• joint discussion on optimal strategies to validate recent FP values

• implementation of joint collaboration activities on FP validations

• strategies for the implementation of validated FP values in a database

• future activities and FP workshops
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5.2 Survey for future works
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The online survey was open between the 2020 and the 2021 virtual FP workshops 

5 proposals in different categories (1. theory, 2. experiments & 3. applications / CRM) 

were received to initiate joint collaborative works among FP initiative members

Workshop’s goal: 

• joint discussion of these 5 proposals

• identification of potential partners interested to contribute to these proposals

• definition of first working steps towards collaborative FP validation efforts 



5.3 Action points to collaborative works proposal no. 1
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proposer: Marie-Christine Lépy, CEA-LNHB

Priorities on methodologies: ( 1. ref. to theory ; 2. ref. to experiments ; 3. ref to applications or CRMs )

1. X-ray absorption, X-ray fluorescence, Radionuclide decay

2. X-ray fluorescence on same samples (fully characterized) – comparison / assessment of uncertainties

3. Quantification by XRF using standards - comparison with standardless methods

Priorities on FPs to be validated: 

1. mass attenuation coefficients, fluorescence yields, Coster Kronig factors

2. K fluorescence yields of transition elements

3. assessment of fluorescence yields for transition metals (priority : 22<Z<29, Ti, Cr)

Collaboration partners interested: University NOVA Lisbon, PTB, and others



5.4 Action points to collaborative works proposal no. 2
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proposer: Mauro Guerra, LIBPhys-UNL, Nova School of Science and Technology

Priorities on methodologies: ( 1. ref. to theory ; 2. ref. to experiments ; 3. ref to applications or CRMs )

1.  use of large scale Multiconfiguration Dirac Fock calculations for simulation of spectral profiles 

of high-resolution x-ray spectrometry. 

Priorities on FPs to be validated: 

1. line energies, widths, shapes, intensity ratios 

Collaboration partners interested: NIST - Maryland and Boulder



5.5 Action points to collaborative works proposal no. 3
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proposer: Peter Brouwer, Malvern Panalytical, The Netherlands

Priorities on methodologies: ( 1. ref. to theory ; 2. ref. to experiments ; 3. ref to applications or CRMs )

2. / 3.  It would be very valuable to have a set of benchmark measurements on 'industrial' samples. 

A set of samples is irradiated with a set of well defined monochromatic X-Ray beams and the 

spectra are recorded with calibrated detectors or intensities of specified spectral lines are recorded.

Priorities on FPs to be validated:  

2. / 3.  These measurements can be used to verify the combination of code and various FP parameters. 

Collaboration partners interested: to be defined



5.6 Action points to collaborative works proposal no. 4
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proposer: Csilla Szabo-Foster, NIST

Priorities on methodologies: ( 1. ref. to theory ; 2. ref. to experiments ; 3. ref to applications or CRMs )

1. MCDF calculations

2. Wavelength-dispersive spectroscopy (double crystal method) methods

3. Comparison of spectra of x-ray transitions acquired with different methods

Priorities on FPs to be validated:

1. & 2.  transition energies

3.  x-ray transition energies  

Collaboration partners interested: University NOVA Lisbon, Laboratoire Kastler Brossel, NIST Boulder, 

University of Melbourne, University of Fribourg, and others



5.7 Action points to collaborative works proposal no. 5
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proposer: Burkhard Beckhoff, PTB

Priorities on methodologies: ( 1. ref. to theory ; 2. ref. to experiments ; 3. ref to applications or CRMs )

1. comparing theoretical calculation results with those achieved by reference-free X-ray spectrometry

2. reference-free (high-resolution) X-ray spectrometry based upon calibrated instrumentation 

3. investigation of certified reference materials or well-known samples  by means of reference-free XRF

Priorities on FPs to be validated: 

1. & 2. ionization and scattering cross sections, fluorescence yields, transition and CK probabilities

3. fluorescence production cross sections 

Collaboration partners interested: Univ. NOVA Lisbon, LNHB, NIST, Universities Fribourg & Surrey, others



5.8 Special FP Issue in Radiation Physics and Chemistry (M. Guerra)

24

Goal of the special issue on FP:

1. Reflections of  the multiple interactions and synergy between research groups, metrology 

institutes and companies on a global level; in particular among members of the FP initiative

2. Enhanced visibility of the FP initiative for gathering new members that can expand or improve 

our outreach with respect to economic, environmental, scientific and societal challenges

• commitment of several key persons in the field to submit high quality works to this special issue 

• further FP partners are more than welcome to submit manuscripts

Guest editors: 

Mauro Guerra, Burkhard Beckhoff, Marie-Christine Lépy and José Paulo Santos



6. Recent and upcoming activities
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• Collaborative works (proposal 3 ; some overlap with proposals 1 and 5) 

involving several XRF instrument manufacturers and institutes in 2022 –

experiment on well-known sample with well-known instrumental parameters

• LNHB and PTB consider to host a FP follow-up workshop in 2023

• FP determinations within EURAMET metrology partnership program project on 

‘Operando battery metrology’ 21GRD01 - Sept. 22 stakeholder meeting

Meet us for a coffee at EXRS 2022 for further discussions.
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