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Since the discovery that no isotope effect exists
for transition metals like Ru and Os 1), there has
‘been some speculation as to whether, in some in-
stances, the electron-phonon interaction is or is
not completely responsible for superconductivity.
Empirical evidence has led Matthias 2) to propose
that there should be two types of superconductivity,
one valid for non-transition metals and due to the
electron-phonon interaction, the other suitable for
transition metals and based on another mechanism,
producing no isotope effect (Ru and Os), or a partial
one (Mo 3)). His views seem to be supported also by
the recent observations of Bucher et al. 4) and of
Blaugher et al. 5) that the parameter V' = N(O)V/y
is increasing very rapidly with the electronic con~-
centration for Nb~Ru and Nb-Mo alloys. These
findings are at variance with the ideas expressed
by Pines 6) based on the BCS theory 7) of supercon-
ductivity. Garland 8) has thus suggested that the
Coulomb interaction between the s electrons is
screened in transition metals by the s-d electron
cloud. He introduces a dielectric constant ¢(g, w)
-and using a very specific model, he is able to prove
that in a certain domain €(g, «) is negative, giving
thus an attractive interaction between the s elec~-
trons. Unfortunately, his model leads to an energy
gap much too large (0.03 eV) and to a first order
transition at T,.

The purpose of this note is to show that gener-~
ally s-d interaction leads to superconductivity, and
thus to support the idea of Garland. We use the
Hamiltonian of Suhl 9):

H=Hy+Hg +Hg+Hgq , (1)
where
N ok *
Hy = o €es Clho Cho + €kd Aho oo ’
b
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where V(k,%') are the matrix elements (real) for the
different interactions, c,c*, d,d* the Fermi opera-
tors for the s and d bands. V < 0 means a repulsion,
V > 0 an attraction. The €'s are the Bloch energies.
We perform the Bogoliubov canonical transforma-
tion as in ref. 9):

Ck+ = uk e‘ko+Uk 6;1,
Copm = = Vp Cho + g €p1 5
- *
dpy = 0 fpo+ Ok f21 s
dep-==0p fpo + 85 fp1 »

and write that at the absolute zero the coefficients
of epnepy and fpofp1 are zero, thus obtaining

€pg 2upvp = (Sp + Np,) (u,% - vg) =0,
Ekd thl)k - (Dk+1V[k) (ﬂg - D]%) =0 B
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The compatibility equations obtained from eqs. (2)
and (3) are:
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1
Qps = [ehs + (Sp + Np2J° >0,
9 5.1 (5)
2 o
de:[de+(Dk+Mk)] >0.
The ground state energy is
Q) _ .1 > o1 - 2
O -t 207l (e, - 0,) (6)

ko
and the elementary excitations are

a1 = % Ops (el;o €ro * egl ekl)
*+ Oa(fho fro * fE1 fe1) s (D)

In the limit of weak interactions Sp, Dp, Mp, Np,
are independent of 2 and given by:

S = +N)V, N In[e [S+N ,-1] ,

1}

D (D+M)Vd Ndln[€2|D+M|_1],
(8)

M=(S +N)VggNg In[eg|D+N |’1] ,
N =D +M)VgyNgIn [e3|D+M|’1] ,

where Vg, Vg, Vggare averages of the interactions
over the Fermi surface, Ng, Njthe density of s and
d levels at the Fermi surface, ¢, €3, €3, the dis~
tance from Fermi surface where interactions be-
come negligible. By a careful inspection it is pos-
sible to show that, provided that NgV¢ and NjVy
are of the order of 10-1, or less, eqs. (8) admit
always a non~-trivial solution, whatever the sign of
the interactions *. Because of eq. (6), a non-trivial
solution gives always a ground state of lower ener~
gy than the normal state. This shows that on the
basis of the Hamiltonian (1) one can predict that

* We assume that Vgg # 0; ng FVsVy; NgVg Ineq/eg
#1and NV Ineg/eg # 1.

all the transition elements are superconductor‘st‘
The argument fails naturally for those elements
which exhibit a magnetic ordering since in this case
it is not possible to perform the Bogoliubov trans-
formation (see, e.g., Vonsovskii and Svirskii 10)).

An order of magnitude for the energy gaps can
be calculated for the simple case where Vg= V=10
It is found that the solution of egs. (8) is

S=D=0,

M| = (Ng/Ng)* €3 exp (- 1/|Vgq|/Ng Ng) , (
L 9)
IN| = (Ng/Ng)* eg exp (- 1/| Vsq|/Ng Ng) .

Assuming that Vg4 is a Coulomb interaction, it is
roughly equal to - 4me 2KF"?~ud/zrs , where vg is the
"effective" volume occupied by d electrons in each
shell, and vg the volume of each cell. For v;/vg =
10~2 we find that | Vg4 |/NgNy is of the order of 0.1,
which gives a reasonable value for the energy gaps.

Finally we notice that in eq. (9), €3 is not pro-
portional to any vibration frequency, i.e., no iso-
tope effect is predicted; that |Vgq|/NgNg is not
proportional to y since the latter is proportional to
Ng + Ng4. By the usual procedure of Bogoliubov et
al. 11) the transition at T can be proved to be a
second order transition.
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