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Assuming a "two-peak"-character phonon density of states in superconductors, it is shown that the
deviation of electron system from its equilibrium state may become substantially greater compared with

a well-studied ideal model of metals. 1f charge carriers interact with transverse phonon modes, then
nonequilibrium deviation is increased additionally and the creation of inversely populated states becomes .

possible.

Introduction. For more than two decades the possibility of inverse electron
population in superconductors attracts attention as it is of importance for solving of
various problems, such as superconductivity at repulsion between electrons [1,2],
paramagnetic current response [3 ], instabilities of an order parameter collective
oscillation modes [4 ], phonon [5,6 ] and photon [7,8 ] instabilities and so on.

Considering the problem of inverse population, we are bearing in mind such a
state of the electron system, at which the distribution function n, fulfills the

condition
n_> 1/2 ¢}

for some values of electron excitation energies lying in the overgap region ¢ = A
(hereafter we consider symmetrically populated electron-hole branches only, neg-
lecting branch imbalance, see, e.g. [9], A is the superconducting gap in energy
spectrum of electrons). A pumping by electromagnetic radiation is one of the most
appropriate techniques-for preparation of SC samples with nonequilibrium states
[10]. Typically the gap value A is significantly smaller than the value of pumping
electromagnetic field frequency w, (the energy scale): w,>> A . Despite of many

experiments exploring this technique (see, e.g., [11-13]), up to now inversely
populated states are not obtained. '

Moreover, a theoretical investigation [14] has given arguments (seemingly
strong) in favour of principal impossibility of inversely populated states in super-
conductors under the pumping of optical radiation.

Nevertheless, the main goal of the paper presented is to show that the model
used in [14 ] in some respects oversimplify the problem and there may be real cases
at which the inequality (1) is to be fulfilled.

Basic equations. We shall consider the high-frequency electromagnetic field
influencing a thin SC film. The film is assumed to have a thickness d < v F/ T so that

the "phonon-bath" model as well as the kinetic equations of Eliashberg [15 ] may
be applied. Thus the equation for quasistationary distribution function of electron
excitation in the spatially homogeneous case may be presented in the form
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where Q(e) is the source of nonequilibrium electron excitations:
Q) =a, [U_(ne A AR RO N R R (Ul R E)] )

and also q;, = D(%) A, A_, is the parameter proportional to the intensity of
0o “o

incident electromagnetic field ( D is the diffusion coefficient, A""o is the amplitude
of the field vector-potential, # = 1), the factors U . and V are defined as
2
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the function N = (exp % - l) ~! describes the equilibrium (in the "phonon-

bath" model) phonon system at the temperature T . A parameter 7 in the Eq. (2) is
unity for the case of longitudinal phonons and —1 for the case of transverse
phonons (in general case the summation over the polarizations of phonons must be
undertaken in Eq. (2), but we shall restrict ourselves to the case of phonon field
with a definite polarization).

Simple analytical solution. First of all we shall present here the results of the
simplified analytical consideration for T = 0 . Following Yelesin |14 ], Eq.(2) may
be presented in a form:
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In the case of optical radiation when the frequency of the field w, significantly

exceeds the value of gap A , the source Q(¢) produces nonequilibrium excitations
in a wide energy region A < ¢ < w, — A, and the inequalities

Q) <«< (s®,5%,57) )



Proceedings of International Symposium

are fulfilled at energies ¢ >> A at arbitrary (obtainable in experiments) intensities
of the electromagnetic field [14].

In contrast to the work [14 ], where the function az(wq)F(wq) was chosen to be

Aw :”/ 2w 'l‘)“ and the cases k = 0, = 1 were studied (A is the dimensionless

constant of electron-phonon interaction) we shall consider a "two-peak" approxi-
mation for this function:

2
a“(@)Fw)=adw, —w)+ azé(wq -w,), ) ®
where a, and a, are some constants. We shall assume that the value of A is known
and the inequality

w, << A << w, )

is-satisfied. Using the Eq. (§) we can write with the help of inequality (7):
0 +5@ (10)
e =R + N
STEe)+ S (e)+ S (¢)

Substituting Exp: (8) into (6) and taking into account for the inequality (9), we
can obtain from Eq.(10) ate = A:
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The analysis of this expression shows that n, = 1 in a narrow range of energies:
A<e<A+ , and is small at greater energies. Physical reasons for this result

were discussed in [16]. We stress here that our simple approximation (8), which
allowed us to carry out analytical calculations, is rather typical of some well-known
superconductors, €.g., transition metals and alloys [17 ] and also high-temperature
superconductors [18,19]. At the same time the numerical analysis of Eq. (2) using

more proper expressions for az(wq)F(wq) is much more informative.

Numerical calculations. It is reasonable to begin the numerical analysis with a
model approximation for the function az(wq)F(w q) , depicted in the insert to Fig. 1
and to change then the parameters x,, x,, Yi» Yp b5 by 2, 5 and z, . As above, we

shall treat the case of zero temperatures 7 = 0 W, = 0), and assume for a
q
moment that the phonon field is longitudinal.

Let us consider curve 1 shown in Fig. 1. The corresponding spectral function is
an analogue of the "two-peak” approximation treated above analytically. A charac-
teristic feature here is that the boundary frequency of the low-energy phonon group
is lower than the energy 2A of Cooper pairs. Changing the limiting values x; and

y; one can obtain that the most radical variation (decrease) of the nonequilibrium
function n, is taking place when the value x, exceeds the limit 2A (seecurve2in
Fig. 1) — this is fairly the threshold effect, caused by an additional "switching on"
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Fig. 1. Nonequilibrium distribution function of electron excitations n_ ateleciromagnetic pumping with

frequency w( = 6, parameter &y = 0.005 and model spectral function az(w q)l-‘(w (insert) with

)
q
parameters: /| — x; =0.05; x,=1.9; y;, =3.2; y, =4, hl =h2=l; Z =z2=0; 2 —
Xy = 2.3 ; other parameters coincide with the curve I; 3 — zy= 0.1 and the others coincide with the

curve I; 4 —z; =z5 =h; = hy = 1. All the energy parameters are in A units

Fig. 2. Distribution function n_, computed by the spectral function az(m q)F(w q) taken from the expe-

riment (insert): 1 — longitudinal phonon field; 2 — transverse one. All the energy parameters are in A
units

of intermediate energy phonons with w, = 2A into kinetic processes. The same
effect may be observed immediately changing the value of z, (see curve 3in Fig. D).
When z, increases up to the value 0.1 the inverse population disappears. Despite

this, no threshold effect is observed, when the bounds of high-temperature phonon
group are changed, but the latter also may influence significantly the form of
function n, . For the sake of brevity we don‘t present here appropriate curves, but

it must be noted, that at the displacement of the bound ¥, to greater values of @
the nonequilibrium function n_ grows. Concerning parameters h, and h, , it may
be said that the function n, rises up to 1 (being obviously restricted by this value)
when the ratio A / h, is increased. The role of extremely low energy phonons
(described by the parameter z, ) is the most negligible. We shall stress also, thatin
the case of small values of a, the shape of the function n_ weakly depends on these
values. By the way, it must be noted that putting zy=2z,=h =h,=1 weare

coming to the situation, considered in {14 ] (the case of k = —1 ) with the same
result which is interesting to compare with the novel ones (curve 4 in Fig. 1).
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Discussion. A relative arrangement of phonon group boundaries and of value
2A is not a fixed one for any real superconductor and may be changed undcr the
external influences, such as the magnetic field or temperature (due to the depend-

ence of A(H,T) ). A typical experimental curve for az(wq)F(wq) (corresponding to

1-2-3 HTSC at T=0, H=0, see [18,19] is shown in the insert to Fig. 2.
Calculations based on this curve gave the results shown in Fig. 2 (curve 1 — for
longitudinal phonons, curve 2 — transverse ones). As can be noted from these

2
curves, the change of sign in coherent factors (1 * A—, of Eq. (2) plays a major
€€

role.

Here a question arises concerning the possibility of interaction of charge carriers
with transverse phonons in superconductors. Such interaction may in fact take place
in superconductors due to anisotropy of the crystalline lattice, the umklapp pro-
cesses and in some other cases (see,e.g. [20]). To analyze the problem more

properly both the partial functions a?(wq)Fg(wq) for all the phonon modes £ and

the polarizations of these modes are to be used. Also it is necessary to know the
value of 2A to normalize the phonon frequency scale. For such procedure used
above, we have adopted 2A corresponding to the values typical of 1-2-3 HTSC. This
is shown by the curve in the insert in Fig. 2, which simultaneously presents the most
optimal case of the model function, considered in Sec.4.

Thus, the present analysis have shown that the high-temperature supercon-
ductors are very promising for obtaining of states, which are far from thermal
equilibrium. Of course, in the case of HTSC, besides the above mentioned addi-
tional information, concerning partial modes of interaction of field-carriers, a
considerable analytical work is to be done, which may give further proper predic-
tions, only then the mechanism of superconductivity will become more apparent.
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