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What is Wrong with the Crcmer-Llberman 
Anomalous Scattering Factors 
and What to Do About Them 

I want to begin by saying that I know very little about X-ray 
scattering. I am giving this talk because Nancy Del Grande has been 
misled into thinking I know something about the subject, and 1 didn't 
know how to say "no" to her. 

What misled her is that 15 years ago Don Cromer decided a better 
computation of anomalous scattering factors would be useful to 
crystal lographers, and that we could use our relativistic self-consi stent 
field atomic program and the computational facilities of the Los Alamos 
Laboratory to do the job. And, just as I couldn't say "no" to Nancy 
Del Grande, I couldn't say "no" to Don Cromer. 

Since then I have gotten the impression that our calculations have 
been used quite a bit—perhaps because they were regarded as better than 
previous calculations, or perhaps because they provided a convenient 
comprehensive collection. Of late there have been suggestions that all 
is not as well as might be wished. Some second thoughts are in order. 

To me, X-ray scattering is a formula 
Fig. 1 

related to a couple of Feynman diagrams which are displayed In the 
viewgraph. The problem is to evaluate that formula. Part of this 
expression for f is the ordinary coherent x-ray scattering form factor; 
part can be represented by a dispersion integral which depends on the 
photoabsorption cross section; and part, involving the negative energy 
states, can be dealt with through a convenient non-relativistic 

•Work performed under the auspices of the U. S. Department of Energy by 
the Lawrence Livermore National Laboratory under contract number 
W-7405-ENG-48. 



approximation: 
F1g. 2 

To evaluate the dispersion Integral we used Brysk and Zerby's computer 
program which calculates the photoabsorptlon cross section o(e). We 
used their program, which I think Is a very good one, pretty much as a 
black box: supply It with a potential function from our relatlvlstic SCF 
atomic program and It gives you back the photoabsorptlon cross sections. 
Perhaps there are some flaws in this program which Influence the 
calculated o(e). It's hard to say. 

An Important consideration Is the location of the photoelectric 
absorption edges. One way of picking them is just to use the eigenvalues 
of the Dirac equation in the self-consistent field calculation. It is 
pretty well-known that they don't agree very well with measured 
ionization potentials, so we decided to use experimental values where 
they were available. But, as so often happens when you decide to fudge, 
there is more than one possibility. In this case there are two obvious 
ones: 

1) Use the Dirac eigenvalue in the computer program and then 
shift the cross section curve to match up with the observed 
ionization potential; 

2) Use the measure value in the computer program which means 
cutting off part of the cross section curve. 

Fig. 3 
These two choices are shown in green and red in this viewgraph. Don 
Cromer tells me we chose the first—the green curve to evaluate the 
Kramers-Kronig integral. 

These calculations were done in 1969 when the world was younger and 
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better than it is today, but the computers were not as big or as fast. 
We, therefore, felt we had to economize in the computation of the 
dispersion integral, so we elected to use a Gaussian integration method 
with just a few points. Don made some tests of the accuracy by 
increasing the number of points and decided that five points would give 
about four significant figures. There might be some anomalous cases 
where the errors are quite large. 

Another possible source of error was the approximation used to deal 
with the negative energy states. We know it must break down for very 
high photon energies or very large Z. I don't think it is the source of 
large inaccuracies in the ordinary x-ray region, but I could be wrong. 

Finally, there is the possibility that ignoring correlations or 
cooperative motions of the atomic electrons may lead to errors. In fact, 
we know this must be the case for low photon energies but it is generally 
believed this should be small potatoes in the x-ray region. This 
assumption should be checked and at lower energies more appropirate 
calculations should be used. 

What is my remedy for these short-comings of the Cromer-Liberman 
calculations? Mostly a better evaluation of the formula for the 
scattering factor. This can be achieved by replacing the sum over 
intermediate states with a Green function: 

Fig.4 
This has been done by our next speaker amongst others. There is one 
problem: the absorption edges will be located where the Dirac equation 
and the potential function wants to put them—not where you may want to 
have them or where experiment shows they are. If this is a problem—and 
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it may not be except for infrequent cases—there is a possible solution 
through the use of a Slater transition state potential which will 
generally get your absorption edge where it belongs. 

When it comes to collective motions of electrons, the linear 
response (or RPA) methods that have been coming into use in the past few 
years seem promising. Gary Doolen will say more about this. 



The sum is over both positive and negative 
energy intermediate states. 

We are interested in coherent scattering 
for which 

State 1 • State 2 , 

w1 « ^ 2 . 

Fig. 1 



f= t, * A* + ibt" 

>̂ (r) is the electron density of an atom. 

cr(e) is the photoabsorption cross section. 

Af is approximate because negative energy 

states are not treated exactly but by means 

of a non-relativistic approximation. 

Fig. 2 



The Green function is a solution of the 

Dirac equation: 

(en-f + p/mc l+*7A)-E)efo,V/e)*-$&-**) 

Fig. 3 
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