Master iCFP March 21, 2017
Wave dynamics in random media

TD n°6 : Spin-orbit scattering and
weak anti-localisation in metallic films

The magneto-resistance of films made of usual metals is not well described by the simple
theory presented in the previous exercice session, i.e. by equation
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The reason for this is that electronic spin degree of freedom cannot be ignored.

e First, the presence of spin-orbit coupling
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is responsible for an additional phase originating from the rotation of the electronic spin, while
the electron is scattered on the disordered potential V. Spin-orbit coupling is weak in light

metals, like Lithium of Magnesium, but strong in heavy metals like Silver or Gold.

e Second, the presence of residual magnetic impurities is another source of electronic spin rota-
tion :
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where 7; are the positions of the magnetic impurities and §; their spins (considered frozen).
The starting point of the study of quantum transport is the Kubo-Greenwood formula
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where the Green’s function carry spin indices. Using that the average Green’s function is diagonal
in spin indices, we finally obtain the expression of the weak localisation correction
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where the Cooperon now propagates a pair of spins (Fig. .
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Figure 1: In the presence of spin flip and spin-orbit scattering, the Cooperon depends on four
spin indices.
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Figure 2: Magneto-resistance curves for metallic films made of an alloy of Magnesium and Gold
for difference concentration of gold. From Ref. [1].

1/ Argue that the Cooperon F((Xc/; () = DLTePéCB) L5(7,7") can be written as the sum of two

separate contributions associated with singlet and triplet channels.

2/ The efficiency of spin-orbit coupling and scattering by magnetic impurities are controlled by
two lengths L, and Ly,. Introducing the projector in the singlet space, (Ilp)ag.ys = %(%7 dg5 —
das 03y), we can write the Cooperon (in the space of the two spins) under the form

PO(F ) = Pu(7,7';1/ L) Ty + Po(7, 73 1/L%) (1 — Ty) (6)

where P.(7,7';7y) = <F]ﬁ\?’> is the Cooperon in the absence of spin scattering. The two
lengths Lg and Lp combine the effect of spin-orbit and magnetic impurities :
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Explain why Lg > Ly.

3/ Discuss the effect of time reversal in the singlet and triplet channel. Write Ao in terms of
P.(7,7';1/L% 7).

Hint : examine the spin structure in the diagram in Eq. .

4/ Using the formula for the magneto-conductance of a thin film, deduce the expression of
the weak localisation in the presence of spin-orbit and spin flip scattering. Explains (at least
qualitatively) the experimental data of Fig.

Further reading : A review article on weak localisation in thin metallic films is the famous
article by Bergmann (1984) (Ref. [I]). A more intuitive description can be found in the review
article of Chakravarty and Schmid (1986) (Ref. [2]).
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