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Recent investigations of the properties of simple metals containing small additions of
transition elements have shown that when the temperature is lowered below a certain charac-
teristic value Tc’ formation of bound state of the impurity electron spins with the conduc-
tion electrons is observed [1]. This is a sui generis manifestation of the dynamic character
of the exchange interaction of the localized d-spins with s-electrons [2], which can be

written in the form

Aoy =1y f*se)S .

The occurrence of the bound states changes the spectrum of the fluctuations of the
impurity electron spin, and this should be reflected in the character of the relaxation of
the nuclear spin of the impurity atom.

To calculate the rate of relaxation of the spins of the paramagnetic impurity nuclei,

we can confine ourselves to a consideration of the effective interaction

X,  =AIS = AL<S> + AI5S,

where I is the spin of the impurity nucleus and S is the spin of the impurity electron shell.
This interaction ensures thermal contact of the nuclear spins of the impurity atoms with the
"lattice" via the s-d exchange.
The probability of spin flip of the impurity nucleus (m + m' transition) is given by
Wy(m=m’)y = A¥m ]} |m" )" |1 |m)S' (e, .- ),

where

Sia)y = fY7csisir)>eiatdy,

In the usual situation (when there are no bound state) the width of the spectral dis-
-+
tribution 8 (w) is determined by the quantity 1/t = (2pl)2T, where p, is the state demsity
of the conducticn electrons at the Fermi level {1 - spin-lattice relaxation time of the
electron spin of the paramagnetic atom in the metal). In this case
1 1/7
STt 0) X 20<STSH = o
@)= 2n 7 (o=w,) 3+ (1/7)?

where Wy is the Larmor frequency.

Inasmuch as the frequency of the nuclear transition S << Wys We get
2 r
Wy = A, (1)
1+ lw, 1)
and if W A~ T we have wyT >> 1, and then
Wy = A%ep, )’ T/ @l (2)
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Let us see now how this estimate changes in the case when the aforementioned bound state
is produced (T < Tc). Using the Abrikosov procedure and applying it formally to the problem
with 8 = 1/2, we can easily show that

ST ) =2mQ7 [H 79, (0" + 08y, (0" (01 = Flo” + w)lde”, (3)

w/T

where f(w) =(e + l)-l, and the spectral density of the fermion pseudoparticles is

1 A
gi“(a))= —

—— << A,
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Here & denotes the binding energy of the electron-impurity pair, and the factor Q—l in
(3) "cancels" the presence of unphysical impurity states. It is easy to verify that in the
case below Q = 1/2.

Inasmuch as ., << (w., T, A), we find that when (wo, T) << A the probability of

0,
reorientation of the nuclear spin of the impurity atom is

e 22m /a2 ()
Wy = ATT/A".

This differs appreciably from expression (2), for now Wy is practically independent of
the external magnetic field. It is easy to understand the cause of the change occurring in
the character of the dependence of the rate of nuclear relasxation on wg. Upon formation of
bound states, the width of the spectrum of the impurity electron-spin fluctuations is deter-
mined by the binding energy A >> 1/1, and when wg = T << Tc the earlier strong-field condition
(wgT >> 1) changes into the weak~field condition (wg/A << 1). This suppresses the dependence
of the nuclear relaxation rate on wy.

When the temperature is gradually increased (T-*Tc) the rate of relaxation of the spins
of the impurity nuclei increases and can greatly exceed the value given by formula (2) in the
region A(T) = wy. When the temperature goes through Tc and increases further, the impurity
relaxation rate should gradually increase to its'normal" value given by (1). The region T 5
Tc deserves a special investigation (which is beyond the scope of the calculation scheme
employed above).

The authors are sincerely grateful to A. A. Abrikosov and G. R. Khutsishvili for a
useful discussion.
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A large number of recent theoretical and experimental papers are devoted to the process
of parametric luminescence (PL) - the scattering of intense monochromatic light (pump) by

a crystal with quadratic polarizability (see [1], where other references are cited). In the
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