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Link to the MSL group
In acceleration physics, we’d like to take our SRF cavities to the extreme

But: thermal or magnetic quenches eventually occur
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High
Duty
Cycle
(HDC)

Acceleration gradient performance Duty cycle of accelerator

Source: Julien Branlard



  

Link to the MSL group
known empirical result: impurities of niob can improve performance

Problem of interest: Which impurities lead to improvements and which make it worse?

Nitrogen impurity
(Grassellino, 2013)

Oxygen impurity
(Posen, 2019)

observed for:

my interest



  

Link to the MSL group
Idea: 

1. Take a piece of
           cavity material and analyze
           its crystallographic structure

2. Check for cavity performance
    of that material

3. Infer physical correlations

my contribution

Truncated cone as a cavity sample on a 
mount, own photograph
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Nb + interstitials
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Heat treatments of cavities
intentional impurity



  

Analyzation of crystallographic
structures via EXAFS

The general topic I am contributing to

Investigate absorption
behaviour at certain energies  

Information about coordination
numbers and lattice constants

Described by the quantum mechanical EXAFS - extended x-Ray absorption fine structure

Newville, 2004
Lecture Schroer, 2024



  

Recap: Essence of quantum mechanics
In quantum mechanics some

principles are replaced by others

locality                states as wave functions

 causality                interaction by probability

It remains essential to be clear about the model used.
What objects exist and which interactions can occur?

 properties                operators and eigenvalues



  

Basic model of EXAFS

Interaction between an        of a radiation source
and two atoms (representing an solid):
An absorbing atom and an reflecting atom,
each having at least one tightly bound 

Objective: What does the absorption curve look like?



  

What does the absorption curve look like?

Photoelectric effect:

edge



  

What does the absorption curve look like?
Fermis golden rule: Transition rate between an initial        and a final          eigenstate
                                of a system under a perturbation       is given by 

measure for the overlap
of the states wave functions

more overlap

incoming photon



  

What does the absorption curve look like?
Fermis golden rule: Transition rate between an initial        and a final          eigenstate
                                of a system under a perturbation       is given by 

measure for the overlap
of the states wave functions

more overlap

less overlap

More energetic photons ionize electrons less often

incoming photon



  

What does the absorption curve look like?
edge

State overlap:

edge

Photoelectric effect:



  

What does the absorption curve look like?
Now EXAFS comes into play:
The ionized electron          can get reflected at the
neighboring atom and superpose with itself into 
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What does the absorption curve look like?

So we’ve got:
describes the downwards trend 

Investigate           further

       is approx. proportional to a spherical wave   

describes an oscillation

Source: Newville, 2004

depends on 
crystal structure!

Because of tight bond



  

What does the absorption curve look like?
edge

State overlap:

edge

Reflection on 
neighboring atom:

edge

Photoelectric effect:

This is
EXAFS



  

What does the absorption curve look like?
Deduction of the EXAFS equation

The EXAFS equation

angular
wavenumber

index of
coordination sphere

mean-free-path
of photo-electron

no. of neighbors
in that sphere

radius of
that sphere

std. dev. of
thermal
displacement

scattering properties of reflecting atom

  

Taking additional aspects into 
account leads to a proper
description of EXAFS oscillation

   

   



  

My thesis plans
Analyze Nb samples 

(multiple heat treatments)
Simulate EXAFS curves

(varying concentration distributions)

deductive inductive

calculate
concentration distributions

compare with actual measurements 
for qualitative similarities

check for similarities between
own theory and own measurements



  

State of affairs

Measurements of 3 samples at DELTA last week
Sample 243: 3h@300°C
Sample 245: 20h@250°C
Sample 247: 48h@120°C

Used samples, own photograph

experimental setup, own photograph



  

Work in progress...
Overview of the taken measurements at DELTA. Each successfull scan took 23 min



  

Thank you.



  

Setup of the beamline experiment
For EXAFS analysis at DELTA, Dortmund
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