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• multipole interaction
• first order multipole shift
• second order multipole shift
• ...

overview for the charge-charge case
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This is what one usually does.

Example for a single atom (if Z=1 : hydrogen) :

overview for the charge-charge case

4

This is what one usually does.

Example for a single atom (if Z=1 : hydrogen) :
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overview for the charge-charge case
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Corrections due to the shape
of the nucleus (quadrupole moment,
hexadecapole moment,....) in the
case without overlap

overview for the charge-charge case
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• first order monopole shift (well-known)
• first order quadrupole shift (recent advancement)
• first order hexadecapole shift (extremely small)

The influence of overlap:

overview for the charge-charge case
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• second order monopole shift (known but exotic)
• (the rest is too small)

The influence of overlap:

overview for the charge-charge case
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monopole term, no overlap :

first-order monopole shift
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monopole term, with overlap :

monopole shift :

only if m2 extends up to the origin !

Look back at the gravitational result :

Translate this to operators/expectation values for the quantum case:

monopole shift

unperturbed wave function

small perturbation operator

first-order monopole shift
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monopole field =
potential at the nucleus, 

depends on integral property
of electrons.

Extra potential at the nucleus,
depends on point property of
electrons and integral property
of nucleus.

Final result :

or

Vanishes if :
• the nucleus is a point, or
• the electrons do not enter the nucleus

monopole moment =
eZ

first-order monopole shift
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Go back to the H-atoms and check the equations on http://winter.group.shef.ac.uk/orbitron/
(take any orbital at the left, then choose the tab ‘equations’ on top).

• non-relativistic s-electrons do have a non-zero wave-function at r=0.
• the same holds for relativistic p½ electrons 
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Estimate the order
of magnitude of the
monopole shift energy
(use the non-relativistic
equation for H-atom
s wave functions, and
the nuclear radius
trend seen in the first
lecture.

do electrons enter the nucleus ?
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The monopole shift is 
always positive.

2 isotopes of the same element may have different radii : isotope shift
2 states (isomers) of the same nucleus may have different radii : isomer shift

for isotope/isomer 1

for isotope/isomer 2

isotope/isomer 2 isotope/isomer 1

the electric monopole shift
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What: 
levels in the atomic spectra of different isotopes 
of the same element are shifted (by the 
monopole shift).

We will later encounter the isomer shift :
for the same isotope, levels do depend on the
nuclear state (“isomer”).

(shifts in this picture are due to the mass of the isotope
-- see lecture 2 – as well as to the isotope shift)

experimental consequence: isotope shift
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• second order monopole shift (known but exotic)

The influence of overlap:

 much smaller (4th power of the nuclear radius)
 nevertheless relevant for exotic cases: muonic atoms

(atoms where one of the electrons is replaced by a much
heavier muon  closer to the nucleus, more overlap)

http://en.wikipedia.org/wiki/Exotic_atom#Muonic_atoms

overview for the charge-charge case
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