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LONGITUDINAL ULTRASONIC ATTENUATION IN CLEAN TYPE II SUPERCONDUCTORS*
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The attenuationof longitudinal soundin clean typeII superconductors,
nearH~

2,hasbeencalculatedusing a non-perturbativemethod. It is
shown that at low frequenciesthe attenuationrate dependsstrongly
on the direction of propagationof the wave, andon impurity concen-
tration.

IN THIS paperwe presenta procedurefor calcu- uniform andconstantmagneticfield inside the
lating the transportcoefficients of clean type II superconductorcan be replacedby its space
superconductorsnearH~2which doesnot depend average,the magneticinduction B, then the
on an expansionin powers of the orderparameter. thermal product can be written
The theory is usedto calculatethe attenuation
coefficient of longitudinal sound; which is shown <[n, n]>(q,w0) = 2T ~ 1d~r d

3r’ ~

to dependstrongly on the direction of propagation

of the sound wave. [G~+(r, r ) G~(r , r) —J d3r~Jd3r
2 G~+(r- r1)

In the low frequencylimit w~< 77T~0,provided
q/ >> 1, the attenuationcoefficient of longitudinal G~,,(r’, r1) V (r, r2) G~(r2 , r’)
sound canbe simply expressedin termsof the
density—densitycorrelationfunction G~(r2— r)] (2)

a. = Re q (~L.)<[n,n]~’(q (1) The Green’s functionG~(r,r’) appearingin (2)

~ 3~?~ satisfies the equation

In (1) q and w~are the wave vector and frequency G~(r,r’) = G~(r— r’) — Jd3r 1d~riG~(r— r1)
of the sound wave, PF is the Fermi momentumand o

~‘ (r1 , r2) G_~(r1 — r2) G~(r2,r ), (3)
<tn, ni> (q,w~)is the volume averageof the
density—densitycorrelation function. The correl- hereG°(r— r’) is thenormal metal Green’s func-
ation function is obtainedby analytic continuation tion in the absenceof a magneticfield, the
of the thermal product <[n, n]> (q, w0) from the set function V is defined by:
of discrete points w = 2rn7TT to z = w — i6. IfC s %‘( •~ — \ ,~ ., —~eB(x,, xp)(y~- y2)

we assumethat, in the vicinity of H~2,the nearly r,, r2, ~ ~r21e
w = (2n + 1)~T and w~= Ct) -~- ~ (4)
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Theseauthorsnotethat when (H02 — B) H02 the close to the transition temperature.After making

orderparameterA (r) is given by the Abrikosov this replacementandperforming the analytic
solution of the Ginzburg—Landauequations continuationof equation(7) we obtain

2

A (r) = C~~ eB~ - (a~/2eB~J(5) q (p2\2 Im dw [f(w + w8) - f(w)]

andthereforeG~(r, r’) when consideredas a func- V~PW~\3Fn)

tion of sum anddifference coordinates, has the x [<[n, n] >(q; w + w8 + i/2T, w + i/2T)
periodicity of the flux line lattice with respect — <[n, ni> (q; w + + i/2T,w — z/2r)](11)
to the sum coordinate.Fourier analyzing(3) and where
noting that the dominantcontribution to G~.is
obtainedif V is replacedby <V>, an average <[n, n]>(q;W + + z/2r, w — i/2T) =

over its sum coordinate, they obtain in the infinite
meanfree path limit = 2 ~ G~ ± + ~/zo (p + q,O)G~,~2.~~(po)

j (2~
i\irr A

2
G~(p,k) = 6k.o{iw_ ~ ~k

0vFsinO ~
1i I d2p o
[ —J ~ G~w+~ ~2~)(P + q p’)

( 1W ~ (6) G~(W~
2~(p + p’) V(P’~0)] (12)

v~-sin eij
andf(w) is the Fermi function.

wherethe wavevector k0 = (2eB) 2 is inversely
proportionalto the spacingbetweenflux lines, In order to makefurther analytic progresswe
A

2 = IA2 ~, = P2/2m — ~i, 0 is the angle assumethat qvp> A. It is then possibleto inte-
betweenp and B and

grateover the magnitudeof p and the polar angle,

W(z) = ~— ~ d~ et (7) with the result that
77 ) Z — ( 2 / 2\2

-~ in (pt~ Cd~3 dW

Using this result <[n, n]> (q,~) is given by = v2 ~ J ~[f(~ — f(~+

I (~,~9) (13)
<[n,n]>(q,W

0) = 2T’~ (~5~[G~(P q,O) where

G~(p,0)- G~~(pq,O):~I~(p,q) I (~,8) = { (2 Re k(z3) - 1)(2 Rek (z~) - 1)

G~(p,0)1 (8) - 2(A/k~-sinO)
2

where
f d~’ G°~(p ± q — p’) V (p’ , 0) Re[k(zo)k( ~ W(Z ~)- l\’~ W(z

0)
z~) —

MJp,q) = J ~ —

G~Jp- p’) (9)

~ l\ ~z) — 1\/7TW(z~)and + k(z~)k*(zoj ~j)(14)
~— z~’

,2 ,2
V(p’,O)= (~/k~)2(~)

2 ~)er~~ (10) Z
2(w + l/2T) + 1\’~ (A/kCvFsinO)2W(zO)

zo = ____________

k
0vrsin 0In this paperwe restrict our calculationsto

theclean limit k0e>> 1, in this casescattering = z~~
effects dueto impurities are included in the theory
by simply replacing~ by w = w(1 + l/2T~W~).In k(z3) = [1—
principle the orderparameterandthe electro-

sin 9 = (1— sin
2~ sin2a)~ 2

magneticvertices should also be renormalized,
however,ask

0e>> 1 andqe >> 1 theserenormali- and a is theanglebetweenq and B. Note that
zation effects arenegligible to order 1/k0e and [2Rek(z0)— 1] = \‘(o~,0)is the angulardependent

1/qe respectively.We should point out that as density of statesfound by Brandt el al. In deriving
k0—~0 when T —. T0 this theory is not valid too (12) we havemadeuseof t~iefact that when qI>> 1
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the only electronscontributing to the absorption From the form of equation(18) it is evident that

arethosemoving essentiallyperpendicularto the the attenuationcoefficient in this geometrycan
direction of propagationof the wave, only be representedby a simple power series in

(A/k
0vF) if (A/kCvF)

2 k
0e << 1; in which case

Theform of equation(14) is such that for an = m
2

arbitrary geometrythe attenuationcoefficient can v

only be obtainedby numericalcomputation.It is [1 — 2\irr(A/kCvFf k
0e + 0(A

4)]. (19)
possible,howeverto makefurther progressin the
simple caseof parallel propagation(q B). If we If on the other handwar>> 1 the attenuation
considerfirst the caseof most practical interest coefficient can only be expandedin powers of

<< 1; keepingterms to first order in W

5 we get A
2 if (A2/kCvFwS)<<1. The resultof the expansion

2
S 711 (,~±~J1)(.üs ~ -~ ~2~’(2Re k(z

0) — 1)2 this caseis
= Vs

2 P
0ør~ 3m.’ dw dW = ~N ± 0(A

4) (20)

— 2(A/k
0v~)

2R4k2(zo)1 \~~(Z

0) + which agreeswith the earlier calculationof Cyrot

i\77R(Z0) — \77~(Z~)]} (15) andMaki.2 i Im z0
It is more interestingto examinethe form of

In the regionof validy of the theory (H02 — B) the attenuationfor perpendicularpropagation
<< H02) the parameter(A/k0vF) A/Ascs<< 1, (q ~ B). As before, the quasi particleswhich con-

therefore,.c(z0)and li’(z0) can be expandedin tribute to the attenuationmovein the planeper-
powersof (A/k0vF)

2. Further, using the property pendicularto q. Containedin this group are quasi

of the H(z) function particleswith momentump parallel or antiparallel
to B; in this direction, sinO = 0, thedensity of

i ~ I~(z~)= [1 ~ ~U(z)]~ (16) statesis singular andthe function

and the definition of 20 we see that I(w, 0 = 0) = -~ [1 + (w2 — A2)/~w2— A~](21)

(A/k
2v,~)

2z\17U(

20) — zv7T~(z~) the B.C.S. coherencefactor. It is thereforeclear
2z Imz0 that the relativeattenuation(a0 — a~\)/aN~iIl

(A/kOvF)k0e Im (i\ 77
11(z

0)) contain termsproportional to A in addition to(17) termsproportional to A
2.

= [1 (A/kOvF)2k
0eIm(i\~R(z0))]

Using this result and the expansionof k(z0) and In this geometrythe exactform of the attenu-
H’(z0) the attenuationcoefficient to leading order ation cm only be found by numericalcalculation.
in (A/k0vF) reducesto The detailed results of a calculation of the

attenuationasa function of direction of propaga-
m

2 IPF2’\______ 2 tiori, magneticfield, andimpurity concentration
= — ~ ~1 - 2(A/k

0vp) will be presentedelsewhere.Finally it should

E k0eIm(i\~’(i/k0e) be emphasizedthat the theory presentedin this1 ~- (A/kCvF)
2kCeIm(i\~rl~(j/k

0e)) note is only valid providedqe >> 1 and k0e >> 1;

— Re(i\ 7TW’O/k0e))]}. to ~he best of ourknowledgeexperimentshave(18) not yet beenperformedsuch thatboth of these
criteria are satisfied.
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Nous avonscalculé l’atténuation d’une ondede son longitudinale
dans un supraconducteurproprede type II, au voisinagede H02,
a l’aide d’une methodenon-perturbative.On niontre qu ‘aux basses
frequencyle taux d’atténuationdependfortementde Ia direction de
propagationde l’onde, et de Ia concentrationdes impuretés.


