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● Magical sights at holidays

What is x-ray flourescence?

Andrej Studen
# 3688694
https://app.sli.do/event/7NGASKVbLA6zn74zKRvtL4
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● X-ray fluorescence is a two 
stage process

● Likelihood of photoabsorption 
can be gleaned from 
absorption tables (XCOM 
photon)

● Fluorescence competes with 
Auger electron production

X-ray flourescence yields

Andrej Studen
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● Likelihood of fluorescence 
is a strong function of 
atomic number

● For common nano 
particles, the yield is high 
for low orbitals

● Incidently – these are also 
more probable for photo-
effect.

X-ray flourescence yields

Carpenter M, 2024.

Au
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● The spectrum will contain 
all possible transitions

● Example from 241Am 
relaxation – all lines below 
26 keV are 239Np X-ray lines.

X-ray flourescence spectrum

Studen A, 2005, PhD 
thesis
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X-ray flourescence simulation
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X-ray flourescence simulation
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X-ray flourescence spectrum
● Significant background of 

Compton events (orange)
● Signal from fluorescence 

interactions in Si
● Narrow photopeaks 

accessible only if energy 
resolution is excellent

● Ratio depends crucially on 
x-ray spectrum
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Energy resolution in semiconductors

Count statistics
● Poisson model: σ2=FN for N, 

number of detected carriers
● N=E/η, E-photon energy, η – 

avg. energy for pair creation
● η related to band-gap, low 

for Si, higher for Se, CdTe
● Fano factor is a correction, 

accounting for phonon 
creation

Readout noise

● Contribution from detector 
capacitance (pixel size) and 
charge integration time τ

● Ideal detector have 
negligible capacitance and 
low leakege current

Two major contributions
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CCD detectors

Remove electronic noise
● Structured electrodes that 

drive charge towards electrode 
with negligible capacitance

● Charge remains traped 
below readout electrode 
surface and serves as a 
channel modifier for JFET-like 
device

● Multiple readout sequences 
possible

● Fano limit achievable.

Rehak, NIM, 1985
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CCD detectors for x-ray

Spare CCD
● Targeted detector for x-ray 

imaging devices
● Originally applied to space 

missions (MPI HLL, 
Muenchen)

● Robust towards external 
influences (vacuum, 
absence of air cooling, …)

● Thickness  of 300 um allow 
for reasonable detection 
performance
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Expected energy resolution

● Energy resolution is a 
function of photon energy

● Longer frame times allow for 
better resolution (10 ms 
shown)

● Low-temperature limit is the 
Fano limit

● Low temperature reduces 
leakeage current, and 
improves resolution
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Pattern recognition

● Small pixels (36 um) 
comparable to range of 
electrons and spread of 
ionization

● Longer frame times allow for 
better resolution will create 
overlaping patterns

● Frame time is an 
optimization parameter
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Pattern recognition

● Suboptimal performance 
when photon interactions 
overlap

● This is not the first time such 
problem is encountered in 
high-energy physics

● Opportunity for hard 
analysis, including AI
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Summary

● X-ray fluorescence requires 
cutting edge technology

● Particle and astrophysics 
provide excellent examples 
of technology that can be 
applied to medical physics

● New challenges await!
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