 Lrso9!

bmitted for
This paper was su o

pul
O i ¢ at leastf
in the open literature a . i
OQ . ' prior to the issuance date of this Micro

card. Since the U.S.A.E.C. has no evi-
dence that it has been publisl}ed, the pa-
per is being distributed in Microcard

form as a preprint.

S gl 80533

IPADc - 09y

Electron-Phonon Matrix Elements*

by
David A. Liberman

University of California
Los Alamos Scientific Laboratory
Los Alamos, New Mexico

.

‘ LEGAL NOTICE

This report was prepared as an account of Government sponsored work. Nelther the United
States, nor the Commiaslon, nor &ny person Acting on behalf of the Commiasion:

A. Makes any warranty or representation, expressed or implied, with respect to the accu-
racy, completeness, or usefulness of the information contained in this report, or that the use
of any Information, apparatus, method, or process disclosed in this Teport may oot infringe
privately owned rights; or

B. Assumes any liabilities with respect to the une of, or for damages resulting from the
use of any Information, apparatus, method, or process dlsclosed {n thia report,

A8 used in the above, ‘‘person acting on behalf of the Commisalon' Includes any em-
ployee or of the C: or of such + to the extent that
such or of the C or of such contractor prepares,
disseminates, or provides access to, any information pursuant to hia employment or contract
with the Commlaston, or his employment with such contractor. 1

- . ‘ -




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.



' ELECTRON-PHONON MATRIX ELEMENTS

We have shown elsewhere® that the wave function of an electron in
a lattice may be written as a sum of scattered waves, one coming from
each cell:

' ike-a
b= e o(rag) - S (1)
®EL A

(For simplicity we consider the cagse of only one atom per cell located

at the position 9‘1’) The function @ is the solution of the equationl

. 1] .
2 ' kg,
. | [- 5= ¥+ vig) - E] o(x) = - v(x) e o(z - g,) > (2)
. I 1 o
where the primed sum excludes the term corresponding to the cell at
.° . . the origin, gg’= Q*v(g) is the potential due to the atom at the origine.

It seems reasonable to assume that a good approximation to the .
wave function of an electron in a slightiy distorted latticé will be
. . & similar sum of scattered waves coming now from atoms located at

. positions R, -

1
w ( . XX} ) = ~” .Bi ( ) ( )
R, ’E‘N e ® X -5 , 3
L ‘ ¢ A
- where the B‘i's differ slightly from their equilbrium values, the A
’ A

gi's. We have in fact shown that a much stronger statement can be

" ma.deaz.. that, for systems as disordered as a liquid, the wave function

2
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of an electron may be written in the form of equation (3)e In that
case, however, it is necessary to modify equation (2). For a distorted
lattice it will be sufficient to find o(z) for a pérfect lattice (equa-
tion (2)), and then use it in (3). | |

ﬁe can now write down the'wave function of the electron and lattice
in the ad;iabatié epproximation which is Jjust the product of the electron
wave function lll(;;; Ris***, BN) and the wave fmction of the vibrating
lattice Q(.RA ,0-; ’BN) , and from this calculate the electron-phonon matrix

elements. These are easily shown to be3

| Hpa = - 2 gﬁﬂB‘bB)* SRANRESANER AN g’ . ()

After the differentiations of A with respect to the atomic coordinstes
are made, they are to be replaced by their equilibrium values, the

lattice vectors a .. This means we are calculating the matrix elements

i ‘
to thg lowest order in the phonon amplitude. It is not possible to do

. better by this method as the ¢ calculated from equation (2) is not good

enoughe
Our method differs from the usual calculation of electron-phonon
3

matrix elements” which start with electron wave functions for an undis-

to;"bed lattice and use as a perturbation the difference between Eiv'(}; - Bi) .

and Eiv(g - gi)o If v(r) is weak enough to permit the calculation of )

 9(x) by perturbation theory, it is found that the same result is obtained

for the electron-phonon matrix elements as by the conventioixal methods

with free electron wave functionse




In conclusion we wish to remark thét this method does not enable
us t§ avoid taking account of the screening of the ion-electron inter-
action by the plasma electrons. This enters through tﬁe correct choice
of v(r) and its effect on 9. |

| .The author wishes to thank Walter Goad and Conrad Longmire for

some helpful suggestions.
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A paper on this work will be submitted to the Physical Review. A

somewhat restricted version of the same method was given long ago

by Je Korringa, Physica XIII, 392 (1947).

A paper on electron wave functions in liquids will be submitted to

the lesica.l Review.

Je M« Ziman, Electrons and Phonons (Oxford University Press, London,
1960). . |
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