approximately over 10 realizations of f. The absolute error in the calculation
of the mean value did not exceed 0.01. As rgy - 0, the values of the potentials
at the points turn out to be entirely uncorrelated, and we obtain the results of
the lattice problem of nodes, v, = 0.32 [7]. At re >> l,vc ceases to depend on

ro, corresponding to the transition to the continual problem. The limiting
value of v, is indeed the critical fraction of the volume, which is of interest

to us. We obtained similar results for the other potentials mentioned above.
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It is shown that the elastic properties of supercon-
ductors with B-W structure follow from the assumption
that the a-electron energy spectrum is almost flat.

Superconductors of the A3B type have a interesting property in that the
transition to the superconducting state is a structural transition at a tempera-
ture Tm close to Tc, and if there is no transition obtained, a tendency to this

transition is observed, manifest in a softening of the corresponding elastic
moduli [1, 2]. In all the known cases, T, differs from T, 6 by not more than a

factor of two, whereas the temperature dependences that anticipate the transi-
tion extend to temperatures 300 - 400°K.

It was noted in [3] that owing to the small overlap of the shells, an im-
portant role in the structure of B-W can be played by three systems of linear
chains of transition-element atoms. The approximation of strong coupling of
the d-electrons in the chain was involved to one degree or another in all the
subsequent studies [4 - 61, in which an anomalously large de?sity of states
v(ep) was assumed, owing to the singular behavior v(e) v e=!'/2 at the edge of

the one-dimensional band.

It 1s shown below that the main properties of this group of compounds can
be understood within the framework of the concrete symmetry of the A-15 struc-
ture on the basis of the concepts of the Fermi-liquid theory, with allowance
for the changes introduced by the one-dimensional character of the filaments.
Indeed, in a one-dimensional metal the Cooper pairing 1s connected with the
Peierls doubling of the period [7]. It will be made clear below that it is also
connected with the tetragonal deformation in the B-W structure. The literature
contains discussions both of the non-phonon superconductivity mechanisms in
these compounds and of the role of the structure instability in the increase of
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Tc' In our opinion, there are still no grounds for the first question. The

proposed answer to the second question is that in A-15 the proximity of the
superconducting and structural transitions is the consequence of the almost flat
spectrum of the d-electrons. The relatively large values of TC and Tm (n20°K)

are apparently the result of the larger state density, in the mean, in the nar-
row d~band, a measure of which is the value of the electronic specific heat.

The circumstance that suggests the concepts of [7] 1s the logarithmic de-
pendence [2] of the elastic moduli, Cij = a + b InT. In the substance most

thoroughly investigated, V3Si, the dependence i1s most strongly pronounced for
Ci1 and Cy,, and the change of Cxsx 1s relatively small. In NbsiSn the differ-
ence between Cjyi, Ci12, and Css is smaller.

According to [7], the metallic states of a one-dimensional chain exhibit
instability in the presence of attraction 51mu taneously with respect to super-
conducting pailring and doubling of the period! The doubling of the period in
an individual chain of Nb atoms was indeed observed [9] in a structural transi-
tion in Nbs3Sn. However, for each period of the B-W lattice there are two atoms
of the transition metal in the chain, so that the logarithmic corrections to the
phonon frequencies of [7] pertain to a phonon momentum q = O.

In the one-dimensional case, unlike in the BCS theory, it 1s impossible to
obtain formulas in closed form for the description of the transition, even in
the weak interaction limit. It can be seen [7, 8], however, that

TmNTCNcBexp(-—.l/|g|), (1)

where w is an energy on the order of the Debye temperature, and g i1s the effec-
tive dimensionless constant of the interelectronic interactions. We have [2]

°K | 8y T T

m -c

v,si |~500 18-25 17
Nb,Sn|~300 ~43  18.2

Therefore g is not too small. For V3Si the situation is apparently more favor-
able. We confine ourselves henceforth to structural properties at high tem-
peratures.

Ir Dew+w is the Hamiltonian of the interaction of the electrons with the
deformation €, then the increment quadratic in e to the density of the free
energy 1is

2
€ ’ , » 2 s »
7 D2 DR 16a6a 5, 08,970 + [1GEGE Tl BTGB 6B d%pd?p ), (2)

Here fd’p = (2m)~ 1TZ‘dp, Gp is the Green's function, o 1s the index of the band

. o
and 7 is the electronlc vertex part. Near the Ferml surface we have Gp =

a(iw - e %yt

In the A-15 lattice, as already noted, there are two atoms per period for
each chain. Therefore the electron Spectrum of an individual filament in the
crystal field splits into bands, and each band, if we disregard the flow from
the s-band to the d-band, is generally speaking either completely empty or

) The possibility of antiferromagnetic ordering was also demonstrated in

[81.
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completely filled. In the space group 03, however, the spectrum at the points

X, owlng to the presence of nontrivial translations, 1s always doubly degenerate
without allowance for the spin [10]. The filling of the one-dimensional Bril-
louin zone can therefore be compatible with the metallic properties of the chain
electrons. The behavior of the terms near the point X can be easily obtained

by the usual methods (see [11]). The wave-=vector group at the point X is iso-
merphic to the corresponding diamond-lattice group, and differs from it in the
orientations of nontrivial elements relative to the principal axes. Without
allowance for the spin, there are four representations {Xi1, Xz, Xs, X«} (the
notation is that of [11]). The Hamiltonian for the representations {X,, Xs} is

A

H=Ap2sBle, +c,,)+vop, +6ID (e, ~¢,) + Dyl (3)
where u 1s the displacement of the "sublattices" along the filament. It follows
from (3) that the deformation €9y = €2z gives rise to transitions between bands,

with energy ivpx. As to the representations {X;, Xs:}, for an individual fila-
ment (neglecting the dependence on py and pZ) the spectrum corresponds to double

degeneracy at all p. The completely filled band does not conduct in this case,
and a half-filled band would correspond to other singularities, for example, the
doubling of the period of the A-15 lattice.

According to (3), the contribution made to the first term of (2) from the
system of filaments along (100) (per unit volume) is

D? E
F = _ 1 2 F
aF, 2nva2(eyy—ezz)7lnT, ()
where EF is the cutoff energy (vl eV) and a is the lattice period. Summing over

all the orthogonal filaments, we get

2D2 Ep D2 E
_ { . _ b F
8C, =~ -077:/1"7' BC”—azﬂ;'ln—f . (5)

Allowance for the second term in (2) leads to a multiplication of each of
the expressions (5) by a factor in which the first terms (with logarithmic
accuracy [7]) are given Dby

E
H:‘l—gln—?’:’, (51)

where g is the effective interac¢tion between the electron and includes the inter-
action via the optical phonons?’. Thus, deviations from a linear logarithmic
dependence occurs when g ln(EF/T) nv 1. At g < 0, an infinite value of 7 would

correspond to a pure electronic transition at the temperatures (1). It is im-
portant that the vanishing of the elastic modulus Ci1: - Cp, occurs earlier,
since the singular part [8] in I is proportional to [1 + g ln(EF/’I‘)]'1 2 > 0.

Thus, in a pure sample a tetragonal deformation anticipates a superconducting
transition., The frequencies of the optical phonons decreases logarithmically,
but at Ciy3y - Ci12 = 0, in accord with experiment, they remain finite. Their
vanishing would coincide with T becoming infinite.

2>Acoustic phonons make no contribution to the electron interactions in
the one-dimensional case.
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So far, Cuys was independent of the temperature. The terms that lead to
logarithmic additions to Cuu are due to the coupling between the s and d elec-
trons: YSdGldszYds. The contribution from these terms is proportional to the
sSquare OfYSd and, although there are no particular reasons for st being small,
this can explain the relatlvely weaker dependence of Cys on 1InT. For example
[2], for NbsSn the absolute change of Ci: in the interval from 300 to 100°K is
five times larger than the change of Cyy. According to (5), the slope of the
plot of Cii1 against InT should be twice as large as for C;,. It is still too
early to speak of a quantitative agreement with the mentioned fact, which is a
consequence of the symmetry, although the picture is qualitatively correct [2].

Most data on the elastic modull were obtained from measurements of the
speed of sound. Static measurements of elastic moduli are subject to large
spreads and agree poorly with ultrasonic measurements. We note in this con-
nection that the picture described above leads to an important new circumstance
- the dispersion of the elastic moduli at wave vectors gv 2z T. For example,
longitudinal sound propagating along (100) corresponds to & modulus Cy,;, which
is given at qv >> 47T by

2D12 Er 1 vq
8C,,(q). = - — l““? "—2'—1"—47;7 . (6)

a“nmv

Neutron measurements of the phonon spectrum (see [2]), while pointing to the
existence of such an effect, are not sufficient for a comparison of (5') and

(6).

A structural transition with tetragonal deformation and sublattice dis-
placement [9] should be of a first—order transition for the cublc group. Ex-
periment, as is well known, favors a second-order transition. The values of the
deformations also indicate the same: € Y u Vv Tm/EF ~ 107%. The contradiction

is eliminated by the fact that a second-order phase transition is possible for

an individual filament. Indeed, according to (3), eyy - €, and u belong to

the same representation. The symmetry group of the new phase has only one-
dimensional representations. The weakness of the first-order phase transition
is due by the same token to the smallness of the interactlion between the fila-

ments. If the latter is denoted by Vi2 = 5rsdss’ then the deviations of the d-
electron Fermi surfaces from planes will be characterized by energies V%z/EF,

which should be small in comparison with the temperature. The estimate of Vi
therefore takes the form

V., < yT _Eg ~10""- 107 eV.

This seems not too unlikely, 1f one recognizes the weakening of the exchange be-
tween the filaments as a result of their packing in the lattice of the non-
transition atoms.
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The binding energy of metallic hydrogen at zero
pressure 1s calculated numerically in second and
third order perturbation theory. It 1s shown that
small changes in the allowance for the electron-
electron interaction can lead to the vanishing of
the metastable "metallic" minimum of the tetal
energy.

The question of the existence of metastable metallic hydrogen is of con-
siderable interest and is discussed in a number of papers [1 - 3].

The most fundamental calculations of the possible meftastable structure at
zero pressure were performed in [2] and led to the unexpected conclusion that
there exists a metastable filamentary structure in which the protons lie close
together along parallel filaments, which intersect a perpendicular plane in a
lattice made up of regular triangles.

The binding energy was calculated in [2] with inclusion of second and third
order perturbation-theory terms in the electron-proton interactions. A number
of approximations were made, due to the inaccuracy in the allowance for the
interaction of the electrons with one another. In the second-order term, this
reduces to an inaccuracy of the employed formula for the dielectric constant of
a homogeneous electron gas. In the third-order terms there are also correla-
.tion corrections, which have not been taken into account at all in [2].

The second source of errors is the discarding of the higher orders of per-
turbation theory. In fact, however, it i1s impossible to calculate the fourth-
order terms with present-day computers.

The purpose of the present paper 1s to ascertain the influence of small
corrections, connected with allowance for electron-electron correlations in
second and third order of perturbation theory on the qualitative statements made
concerning the character of the metastable structure of metallic hydrogen.

The simplest dlagrams that take into account the

correlation corrections to the energy of the ground 2 ’

state of an electron gas in the external field of the "<:Z)£~ “’(j:}'
lattice protons are shown in Flg. la for the second- K

order term and in Fig. 14 for the third-order terms. a b

The corresponding integrals can be obtained only num-

erically. The most widely used method of taking such
diagrams into account 1s to replace in the first '*C:):(:>v

diagram the Coulomb potential, which corresponds to A Z
the internal wavy 1inei by a certain effective mean
value V oo = Vc(k2 + pF)l/z, where pp 1s the Fermi

Fig. 1
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