Solving Impurity Problems in the Framework of
Multiple Scattering Theory



Multiple Scattering Theory (MST) Approach

* Also known as the KKR method, or Green function method

* The space is divided into non-overlapping domains, or atomic

cells, each of which contains an atom

* The LDA/GGA potential is a collection of non-overlapping

electronic scattering potentials centered at each atom

 Each atomic cell is considered as an electron scattering center
 The crystal wavefunction, or Bloch wave, is a standing wave

solution of the multiple scattering problem

* Allows convenient calculation of the Green function of the

Kohn-Sham equation
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whereL={I,m}, r, e Q. . Z/(r,;&) and J(r,; &) are the single site

regular and irregular solutions, respectively, corresponding to V" (r,).
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Single scattering is described
by t-matrix, t,, which is
determined by local potential
V'(r,) € Q,. If the potential
spherical, t, is given by the
partial phase shifts 4.



Multiple scattering path matrix: "™

Definition and iterative approach:
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Matrix inverse approach: A special case: periodic system
I 'gl‘l(g) -g%() - —-g™ (g)_ For periodic crystal, t_(¢) =t(g), we take k-space approach:
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- ; ; : where g(k; &) is a lattice Fourier transform of g™ (¢).
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The z-matrix is given by: " (&) = —_[ (&, k)e™ P R)g 3k,

(&) =[M(e) ]

Our goal is to calculate 7""(¢) so to calculate the Green function in Q..




A Crystal With Single Impurity
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atom o : @ CPA medium: @

Single impurity problem:
atom « In a CPA medium host
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Single site approximation: g, () = anrlal(g), ith N _ species in the alloy.

Single impurity problem: z''(¢) = |:1+TCPA(8)(t_1(8) L;A(g))] 7o (£)

Periodic system problem: z¢., (¢) = —jQ [L;‘;A (e)-9(e, k)]_1 d°k
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t.o4 (&) Is solved self-consistently by iterating the above equations.

G,(r,r;e) = ZZ (r;e)z. (g)Zf‘,*(r;g)—ZZf‘(r;g)Jf‘*(r;g) and pa(r):—%lmf;Ga(r,r;g)dg



A Crystal With Double Impurities
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A Crystal With Cluster Embedding (i.e., Cluster Impurity)
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Multiple scattering path matrix "™ for the Host System

Recall the following expression in one of the previous slides

For periodic crystal, t,(g) = t(¢), we take k-space approach:

r(ek) =) -g(kie) |

where g(k; ¢) is a lattice Fourier transform of g™ (¢).

The 7-matrix is given by: z"" (&) = Ql IBZ (& k)e™ P R)g 3k,
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Therefore,  [For the host system, t_(¢) =t (&), we have:
r,(6ik) =t (e) - glki#) ], and

7, (e;K)e™ g%k withn,m=1,2,..., N..
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