
XAS - dipolar selection rules

The electronic structure of 3d metals can be 
represented as 1s2 2s2 2p6 3s2 3p6 3da 4sb 4pg
a is between 1 and 10,
b + g is between 1 and 2.
The schematic valence DOS of vanadium (V) and 
copper (Cu) are shown in the figure.

Using the dipolar selection rules and the table of the 
binding energies at the next page, for both V and Cu:

a) Identify the possible transition in a XAS experiment.

b) At which photon energy will the absorption edges 
appear ?

c) Which edges are “step-like” and which ones are 
“peak-like”?

vanadium copper





Solution: XAS - dipolar selection rules

a, b) The dipolar selection rule: Δ𝑙 = ±1

vanadium:
K  1s → 4p 5465 eV
L1 2s → 4p 627 eV
L2,3 2p → 3d, 4s L2 : 520 eV, L3 : 512 eV 

copper:
K  1s → 4p 8979 eV
L1 2s → 4p 1097 eV
L2,3 2p → 4s L2 : 952 eV, L3 : 933 eV

c) Vanadium K edge and L1 edge are step-like, while 
the L2,3 has peak-like shape because of the 3d 
contribution to the absorption. Note that the 2p → 4s 
contribution appears at the same energy, but as step 
like. 
For Cu, all the edges have a step-like shape (no empty 
3d DOS). 

vanadium copper



Measuring the orbital moment with XMCD

The XAS and XMCD spectra acquired at 
(L2,L3) edges of Co deposited on K is 
shown in figure a). 

Figure b) shows the evolution of the 
XMCD signal at the L3 and L2 edges as a 
function of the amount of deposited Co. 
With a qualitative use of the sum rules, 
which kind of information we can deduce 
concerning the evolution of the orbital 
moment with the amount of deposited 
Co?

a) b)

Source: doi.org/10.1103/PhysRevLett.88.047202



Solution: measuring the orbital moment with the XMCD

From the sum rules we know that:

The spectra show that for a Co coverage < 0.06 ML, the area of the XMCD peaks at both L3 and L2 have the same sign (both are 
pointing down) thus giving a additive contribution to the above integral, while for a Co coverage > 0.07 ML the L2 peak is reversed 
with respect to the L3 one, thus giving opposite contributions. This means that the orbital moment is larger for coverages < 0.06 ML

In addition, the area of the L3 peak stays approximately constant, while the area of the L2 peak rapidly increases, in particular above 
0.08 ML, with the Co coverage. This implies that for Co coverages > 0.08 ML the orbital moment rapidly decreases -> quenching of
the orbital momentum 
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Measuring graphite with linear polarized x-rays

We measure graphite at the C K-edge with linearly polarized x-rays 
and we obtain the sequence of spectra shown in the figure.

The incident plane, perpendicular to the sample plane, is defined by the 
x-ray beam direction and the normal to the surface. The x-rays are 
horizontally polarized, i.e. the electric field is oscillating in the incident 
plane.

1) Which parameter do you think changes during the experiment?
2) Which graphite states are responsible for the peaks marked with A 
and with B-to-G? Justify.

Source: https://doi.org/10.1103/PhysRevB.33.4034
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Solution: Measuring graphite with linear polarized x-rays

1) The parameter changing during the 
experiment is the angle a formed by the 
x-ray beam direction and the normal to 
the sample surface

2) p* and s* orbitals are responsible for 
peaks A and B-to-G, respectively. 

p* orbitals are formed by pz orbitals,  
perpendicular to the graphite plane. They 
are probed with E oscillating 
perpendicularly to the surface
s* orbitals are within the graphite plane. 

They are probed with E oscillating in a 
plane parallel to the surface. 

a


