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PHONON-LIMITED LIFEVIMES OF ELECTRONS IN Pd.
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Quasiparticle liferimes 1/7)
Pd using the rigid muifin tin model.

open sheets.

Butler et 5111 predicted phonon line-widths iu

N5 and Pd, which subsequent experimonts o2
ftrmed reasonably well. Butler has argued® tha
the rigid muffin tin (RMI) model used in ref. !
might give a poor description of small Q pro-
cesses. To test this, we present predictiuvas
of the amisotropic low temperaturc (7)) phonon-
limited electron lifetimes 1y in 2d. A
measurement by radio-frequency size cffectd or
some other method will directly test the smali-

9 RMT' modei.

The quasiparticl: lifetiwe is given by the
exprcssionlr

a0
Vik,w) = 2n jd:. a?F(k,0) (2N(Q)+E(Rha) +L (R2) )
° (8]
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H

are calculated for electrons on the Fermi surface (FS) of
Results are presented for the {-centered and the

The notation is consistent with refs. 1,2,4.
For ¢=0 and T<<_y (wy is the Debye eneryy; only
small values of 2 contribute to the integral in
(1). Ia this regime we can use the forp
u?F(k,a) = ckﬂz. Performing the integral
gives}'

V10,0) = a1 o = 14n0(3e, (Te<sp) ()

The experimental scattering rate 1/1* differs
from eq. (2) in two ways. First, at terpurature
T, electrons are sampled not just at the Fermi
enerpy (u=0) but in a shell of thickness T.
Averaging (1) by -50/5u enhances 2% l/rk by

12/7. Second, /1 is reduced by 1+, the
mass enhancement facter. We have previously
calculated <Xk> = x» = 0.4, and ewpect aniseo-
Casy, ~- e e feeil, eeeall e peeieal

calculation uses an improved potential with
little change in FS properties. We have not
recalculated Al

—
22.0 Pd 22.04 (00¢) 4
I'-Cenfered Sheet e -
18.0} (100 Plang) i18.0+ ..
- 1 (110) Plane .
- 14.0}F 14.0+
® ool (00¢) } ]
t . V0.6 1 .
x
N | [ :
w 6.0} 6.0¢ 4
o [ (¢00), 1 .
., 2.0} (e 2.0
= |
o 1.5} 1.5+ -
1.0} I.O/ﬂ- -
0.5 ~ -\_.j - - por
——3
1 n 1 i L B i n 1 M 1 i ] e 1
60 40 20 G 20 40 60 80 {elo}
o o 0 {Degraes)
Fig. } a, vs 0 for tha F-centered sheet of pd

By acceptance of this article, the
publishar or recipient acknowledpes
the U.S. Government’s right to
relain » nonexclasive, royalty-free
ficsnse in and 10 any copyright
covering the article.



6.0 Pd

120}

8.0

a, [|o7s-lK-3]

4.0

Open Surface

(B-Orbif (110) plane

(ggn -

L i e 1 -

1. €-0rbit (100) plane

Ll 7

(00¢)

Fig. 2. oy Vs 0 for the open surface of Pd. The misszing points are points near
glancing angles where convergence errors are large.

40 20

8 (Degrees)

To calculate ¢y, we need electron~phonon matrix
elements gg '+ The details of the RMT model
&s

have been

cribed previously. Only small w

phonons are needed; sound velocities vx and

<

polarization vectors ¢ were derived < from
cxperimental elastic constants. The integral

LU vYye s) 13 o sullate i

of FS lying very close t
le) (g

HLEpldal uvel Lac puints
o k. For small Q,

2 pehaves as CE(S,&)O. (8 and & pive

the direction of Q). Using the § function to
‘integrate over Q, the remaining integral Is
over directions of Q, where § lies on a plane

tangent to the FS at k.
‘GY(6,¢), €Y  and vy

The integral contains
Because of a finite mesh

L]
size, GK(O,%? is kndwn only in some specific
directions, and we interpolate linearly between
these directions. Although GE(0,¢) is a strong

‘function of (90,4), we found t

at Q can be taken

‘as large as 0.08(2n/a) giving typically 50
points in different directions for satisfactory

convergence of ¢y while
regime where the matrix

still remaining in the
elements are lircar In Q.

Results for the I'~centered sheet and the open

‘surface of Pd are shown
a description of the FS

in figs. 1 and 2. For
of Pd see ref. 7. Thre

mesh points on the FS are obtained as the points

of intersection of the F

S with a sampling ray

originating from a search point. The mesh is
coarsest in the region where there is a glancing

angle of intersection, t

hius our results are not

very accurate in these regions. We have in-
cluded crror bars in our {igures to indicate
the estimated errors from lack of convergence.

Acknowledpements: We thank T.P. Beaulac and
F.J. Pinski for help, and G.M. Stocks for pro-

. viding the Pd potential.

Work at Stouny Brook

0

20 40 60 80

was supported in part by NSF grant no.
DMR79~00837. Work at Oak Ridge was sponsored
by the Division of Materials Science, with the

u.s.

Department of Energy under coentract

W-7405-eng-26 with the Union Carbide Corporation.

References

1)

(2)

3
(4)

(5)

6)
OF

Butler, W.H., Smith, H.G. and

Wakabayashi, N. 1977 Phys. Rev. Lett. 39
1004; Butler, W.H., Pinski, F.J. and
Allen, P.R., 1979, Phys. Rev. B 19 3708;
Pinski, F.J., Butler, W.H., 1979, Phys.
Rev. Bl9 6010; Youngblood, R., Noda Y. and

Shirane G., Phys. Rev. Bl19 6016 (1979).

Butler, W 4 , in Rhodes, P. (ed.), Physics
of Transition Metals 1980, 505 (Inst. Phys.
Conf. Proc. no. 55).

Wagner, D.K. and Bowers, R., Advances in
Thys. (1980) 25, 651.

Allen, P.B., Phys. Rev. Bll, 2693 (1975).
Butler, W.H., Olson, J.S., Faulkner, J.S.

and Cyorffy, B.L., Phys. Rev. (197€) Bl4,
3823.

Rayne, J.A., 1960, Phys. Rev. 118, 1545.
Dye, D.H., Campbell, S.A., Crabtree, G.VW.,

Ketterson, J.B., Sandesara, N.B., and
Vuillemin, J.J., Phys. Rev. B23; 462(1981).



