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Our aim 15 To consider nonlinear absorption of
ultrasonic (or electromagnetic) waves by two-level systems
(TLS's) in glasses. We are interested in the relaxational
contribution to the absorption (the resonant one, 1if
present, saturates at very low intensity of the wave).

The nonlinear behaviour of relaxational absorption is
determined by the ratio u=d/kT where d is the amplitude of

P

modulation of the interlevel spacing - by wave:

E(t) = [(A+ d cosOT B RE]*/* (1)
Here A is asymmetry while Ae¢ being the tunnel integral ;
at d » 0, E(t) »Eo = [A* + AZ]*/z.

If u >y 1 the absorption coefficient WA is strongly
nonlinear. According to the Ref's [*-2], in this regime d
decreases with 1increase of u both 1in dielectric and
metallic glasses. Here we want to consider the case of weak
nonlinearity where u << 1 and nonlinear contributions are
much smaller than the linear one. The aim is to determine
the magnitude of the nonlinear contribution and its sign.

To analyse the qualitative picture let us evaluate the

linear contribution to the absorption - dps of the TLS from
the interval (E. E+dE) at E << KT:
w T
dpe &2 dE {(2)
1 + (@T)*
where €€ = T(E.Ac) can be expressed in the form
VAT = (BoIKT)* Eelx}. X EKT

In dielectric glasses Tolx) is independent of x and equal
to Ton D T? while in metallic ones I/to(x) = x= T N
where Touw ¢ T-*. To calculate the contribution of the



r1.S's with E €& EXe¢ ki one should average Eq . €l) wover T
and integrate over E between 0O and E*. Assuming that
log( Ae) 18 uniformly distributed we come to the

distribution function P(T ) which ig up tohithe flret
approximation equal to 1/T (& > Tuiw = C(E JAB=E)) . A8 &

rasult, we have
xt
XZ

| (3)

APo dx tan-*|
(&)TO(X)

0O
Now let us obtain rousgh astimates of

corrections. Assuming

the nonlinear

(p-po)/po = (d/E)? = G/ T) % &
we get
.
d dx X~
PNL = P-Po X (—)? (—)tan-*| ] (4)
kT X 2 WTo(x)
0
in metallic glasses the ratio x2 /) T o (x) = COpS RN
integral (4) diverges at 1iis lower limit. This means that

the nonlinear contribution 1is determined by low energles,
E<<KT. where one cannot expand all the quantities 1in powers

of d/E.
In dielectric glasses the result depends on the

product WTon. At WOTon>%1 the Eq.(4) is determined by its
upper limit. It means that the energies of the order of K
are important. One can show that in this case the nonlinear
contribution is negative and proportional to (d/kT)*.

I £ O o €451 a new characteristic energy
E; = kT(WTop)r/2 << kT appears. If this energy 1is much
larger than d one can also expand all the gquantities in
powers of d/E. The relative nonlinear contribution in this
case is positive and of the order of (d/E1)2 >»>» (dfKT) % AT
E, <{( d one faces the same situation as in metallie
glasses, i.e. the TLS's with E € d are pf WFNasSEiEt
importance. [n this situation the nonlinear contribution
for these TLS's is of the order of unity and the relative
nonlinear contribution to the absorption is of the order of
relative number of the TLS: & with Bt ot and
4 ¢¢ B 4L kTitie. is of thevordsnset Ya I/ ki

The same holds for metallic glasses; one can show that
in these cases the nonlinear contribution is negative. To

determine the sign of the nonlinear contribution and to



calculate the numerical factors in the abovementioned

estimates one should use the exact expression for the power
absorbed by a TLS (see [:-2]):

2 /W

St — 2y Y4: n(t)(—) (5)

where the occupation numbers ni{t) are determined from the
equation (dn/dt) = (n-ns}/ T . and no = |13 exp(E/kT)]".

I+t is important that due to adiabatic approximation 1t
is the quantity E = E(t) from Eq.(1}. rather than E = Es
that is present in every place in the expressions for
T(E. As) and neo. This point leads to contradiction between
our results and the results obtained by Levelut & Seiiais
iz The coefficients obtained by us are given in the
Table.

Table.

Values P*X/Pos in different limiting caseslid «X kT).

--—--‘---——-—-4———----——---—-—.-----‘--—-—‘-—---------—_--ﬁ--

¢ Material 2 Parameters : P*%* /Pe 3
¥ Metallic | PPy AT ol e : -0.5341d\ /kT) -
t{ glasses : O Cani L5 2 : -al)dl /kT) -

----——---———--——--———---—--—----—--—----—-‘---—---------------

| : : -0.3(d/kT)? -
i glasses ' 1 3> @WTen 3> (d/UT)? ! +0.05(d/kIVEen)™ |
: : WOlen €< (4/kT)® & -0.2(1d1/kT) \
ficient a in the second row of the table seems
' ve. The value of Ja]l is small and we have not
succeded 1in 1t

to be posit
s determination with encugh accuracy.

We want to emphasize that the simple procedure of
expansion of the absorption coefficient in powers of the
wave 1intensity fails in metallic glasses., as it 1s clear
from the Table given above.
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