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Quiz: Which Components Primarily Determine the Interaction  
of X-Rays with Matter?

2Phil Willmott

Protons

Electrons

Neutrons

Klingons
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What Processes Contribute to X-Ray Cross Section?

3



Rasmus	Ischebeck	>	JUAS	2019	>	Interac9on	of	X-Rays	with	MaBer

Quiz: A photon undergoes an elastic collision. What does this mean? 
More than one answer possible.

4Phil Willmott

The	photon	has	the	same	energy	before	and	after	collision

The	photon	has	the	same	momentum	vector	before	and	after	collision

The	photon	has	the	same	wavelength	before	and	after	collision

Complete	transfer	of	the	photon's	energy	to	the	collision	partner

Rasmus	Ischebeck	>	UXSS	2017	>	Photon	Beam	Instrumenta9on	for	XFELs
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Compton Scattering

5http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/compton.html
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Thomson Scattering: Elastic Scattering on Free Electrons

6Phil Willmott
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Electrons Bound to an Atom

7Wikimedia Commons
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Absorption by Higher Energy Photons

8Phil Willmott
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Quiz: In Which Element are the Core Electrons Most Strongly Bound 
to the Atom?

9Phil Willmott

Hydrogen

Silicon

Iron

Gold

Interac9on	of	X-Rays	with	MaBer



Rasmus	Ischebeck	>	JUAS	2020	>	Interac9on	of	X-Rays	with	MaBer

X-Ray Absorption Spectrum of Lead

10J.E. Penner-Hahn

so-called absorption edge, with each edge representing a different core–electron binding energy.
The edges are named according to the principle quantum number of the electron that is excited:
K for n¼ 1, L for n¼ 2, M for n¼ 3, etc. The core–electron binding energy increases with increasing
atomic number, ranging from 284 eV for the C K edge to 115,606 eV for the U K edge, with the
L edges at significantly lower energies than the corresponding K edge (e.g., 270 eV for the Cl L1

edge, 20,948 eV and 17,166 eV for the U L2 and L3 edges).
Closer examination of Figure 1 (see inset) shows that the L edge is in fact three distinct L edges,

named L1, L2, and L3 in order of decreasing energy. L1 corresponds to excitation of a 2s electron.
The 2p excitation is split into two edges, L2 and L3, as a consequence of the spin–orbit coupling
energy of the 2p5 configuration that is created when a 2p electron is excited. The higher energy of
the 2p5 excited states is the 2P1/2 term; This gives rise to the L2 edge. At lower energy is the L3 edge,
corresponding to the 2P3/2 excited state. Due to degeneracy, the L3 edge has twice the edge jump of
the L2 and L1 edges. In contrast with valence electron shells where spin–orbit coupling energies are
relatively small, the spin–orbit coupling for core shells can be quite large. For Pb, the L2"L3

splitting is 2,165 eV (1 eV¼ 8,066 cm"1). Analogous, albeit smaller, splitting occurs for the lower-
energy edges, with 5M edges, 7N edges, etc. X-ray absorption spectroscopy (XAS) refers to the
measurement of X-ray absorption cross-section in the vicinity of one or more absorbing edges.

2.13.1.1 X-ray Absorption Edges

An absorption edge by itself is of little value beyond elemental identification.5,6 However, if one
examines any of the edges in Figure 1 in more detail, they are found to contain a wealth of
information. This is illustrated by the schematic absorption edge shown in Figure 2. The absorp-
tion edge is not simply a discontinuous increase in absorption, as suggested by Figure 1, but in
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Figure 1 Low-resolution X-ray absorption spectrum for Pb. Three major transitions are seen (K, L, and M
edges), corresponding to excitation of an electron from n¼ 1, 2, and 3 shells, respectively. At higher

resolution (inset) both the L and the M edges are split (see text for details).
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Figure 2 Schematic illustration of an X-ray absorption spectrum, showing the structured absorption that is
seen both within ca. 50 eV of the edge (the XANES) and for several hundred to >1,000 eV above the edge

(the EXAFS).

160 X-ray Absorption Spectroscopy
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Processes

11Phil Bucksbaum

OK, we got that far.  Let's turn on the x-rays 

June 2018 11 UXSS 2018 Atomic Physics 
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Which Atoms Absorb 0.4 keV X-Rays More Strongly?

12Phil Bucksbaum

Carbon	(Z=6)

Oxygen	(Z=8)

Interac9on	of	X-Rays	with	MaBer

Initial questions about atoms and ultrafast x-rays? 

• Which atoms absorb 0.4 keV x rays more strongly? 
• Carbon (Z=6) 

 
• Oxygen (Z=8) 

 

June 2018 6 UXSS 2018 Atomic Physics 

𝐸𝐻 𝑑 𝑒𝑛𝑖𝑐 = −𝑍213.6𝑒𝑉 

X-ray absorption thresholds 

Patterson and Abela, Phys. Chem. Chem. Phys. 12, 5647 (2010). 
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Which Atoms Absorb 0.8 keV X-Rays More Strongly?

13Phil Bucksbaum

Carbon	(Z=6)

Oxygen	(Z=8)

Interac9on	of	X-Rays	with	MaBer

Initial questions about atoms and ultrafast x-rays? 

• Which atoms absorb 0.8 keV x rays more strongly? 
• Carbon (Z=6) 

 
• Oxygen (Z=8) 

 

June 2018 7 UXSS 2018 Atomic Physics 

X-ray absorption thresholds 

𝐸𝐻 𝑑 𝑒𝑛𝑖𝑐 = −𝑍213.6𝑒𝑉 

Patterson and Abela, Phys. Chem. Chem. Phys. 12, 5647 (2010). 
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Crystals

14Wikimedia Commons
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Which of These are Crystals?

15

Salt

Silicon	wafers	for	computer	chips

Diamonds

All	of	the	above

Interac9on	of	X-Rays	with	MaBer



Nick Veasey

What are Not Crystals?



Rasmus	Ischebeck	>	JUAS	2020	>	Interac9on	of	X-Rays	with	MaBer

Diffraction

17
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Diffraction

18Wikimedia Commons
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Bragg’s Law

19Wikimedia Commons
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Diffraction on Molecular Crystals

20The Royal Institution
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Fourier Transform

21Wikimedia Commons



Questions?

Nick Veasey


