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Let us come back to the optical-phonon model
for the A, resonance. According to the reported
measurements, ' the A, resonance energy shifts
from 9.5 meV for x =0 to 21 meV for x =0.14.
Since as we go from HgTe to CdTe, the optical
phonon frequency" only changes by about 10%,
this model cannot explain the observed large
shift. Besides, it has been learned' that whether
a clear conductivity anomaly could be seen in a
given sample or not depends on the heat treat-
ment of the sample. This indicates that the anom-
aly is indeed connected with stoichiometric de-
fects rather than with optical phonons. The pres-
ent work thus lends strong support for the accep-
tor resonance model. In addition, our predic-
tions about the movement of the acceptor state in
the open-gap configuration should induce more
experimental investigations in this field.
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Comment on Higher-Order Nonlinearities and Coupling Saturation
of Parametric Decay Instabilities
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The effect of higher-order nonlinearties on the coupling-saturation mechanism for par-
ametric decay instabilities is analyzed. In particular it is shown that cubic nonlinearities
in the Poisson equation describing the unstable electrostatic fields play an important
role. In the case of the 2'&, decay instability these effects increase the importance of
coupling saturation for T, » T; and reduce the saturated wave energy by a factor of T;/T, .

In a recent Letter' we showed that a new nonlinear saturation mechanism for parametric decay in-
stabilities, which we called coupling saturation (CSj, arises from cross correlations between Fourier
modes. In deriving the equations describing this effect we started from the nonlinear Poisson equation
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which included only quadratic nonlinearities in the electric field intensity. In this note we wish to point
out that cubic nonlinearities may play an important role in this effect and, in fact, enhance the impor-
tance of CS in determining the saturated state of 2~~, decay instability.

For this study we generalize Eq. (1) of I to include third-order and higher-order terms in E:
d'k ' k"

e(k)E(k) = —. . .X(,) (k, k', k")E(k')E(k")(27))45'(k —k' —k")

t d4k & d4yi d4k er

X (k k' k" k"')E(k')E(k")E(k"')3!J (2)))' J (2)))' (2)T)'

x (2m)'5'(k —k' —k" —k"')+ O(E') .
The second-order susceptibility X&,) (k, k', k") was called simply }('(k, k', k") in I. Here we wish to as-
sess the role of X&» and higher-order terms. We proceed exactly as in I by substituting the Ansatz

E (k) =Eo(k) + Q Q (2m)4[E „54(k —k„)+E„*5~ (k + k„)]+ (k„-—k„)+ 5E (k)
s=& n~

(2)

into Eq. (1).
The equations for the nonresonant beat field 5E [Eqs. (5a) and (5b) of I] are unchanged to terms of or-

der ~E„)' since the g» nonlinearity cannot contribute to these beat fields. However, the equations for
E„, and E„,now acquire a direct contribution of order ~E„~' from X(».

~(k„)E„,=X„,(k„„k„-k„)E@„*
+[I/(27r)'5'(0)] g,g„,(x„,(k„,k„„k„, k„,)E„-,5E(k„-k„,}+{k„,- —k„,)j
+P.L,X„,(k„,k„,k„„-k„,)E„,~E„,~'+g„,x„,(k„, -k„,k„„k„,)E„*E„,E„,. (3)

To obtain this we have used the invariance of X,»(k, k', k", k"') to permutations of the last three in-
dices. There are six identical contributions which cancel the 3. in (1).

In addition to the terms already analyzed in I we see that X(3) contributions contain terms proportion-
al to Q„which add to the renormalization of & and terms proportional to F„*which add to the renor-
malization of j. Thus the renormalized equations (6a) and (6b) still apply but the formulas (7), (8), and
(9) of I for the renormalized quantities are altered. For example, Eq. (7) of I becomes

( ) ) ~ IX()(k,k„,, k —k, )X(g)(k -k, , -k, k )„—Ci, l

and Eq. (9) of I becomes

+ (k„,=k„,)+xt,
&
(k„,, 0„,, k„, , —k„,)I (z„,(*, (4)

j(k„,ko, —k„)=X(,) (k„,k„—k„)

e k„,
1

(5)

It is clear that to terms of order ~E„,~
the nonlinearities higher than the third make no contribution to

S
these equations.

We briefly comment on the effect of the X&» terms on the saturation of the 2(op decay instability.
The X(3) cor re ction to & has the we 11-known effect of weakening the nonlinear -indu ced scatte ring of
Langmuir waves from electrons but plays no role in the nonlinear-induced scattering from ions which
was the only effect in Imc considered in I. The X&» contribution to the renormalized X appears to be
quite important.

We have computed X&» by taking the third functional derivative of the density using the techniques of
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DuBois. ' The result is
2

X~.
&
(k... -k. ,k. , k., ) = . ; (k., k.;)(k., k. ) X.(k., -k., )(k. -k. )'

+ (k 'k z)(k ' k s) g (k —k r)(k k s)

+(k„k„)(k„i 4„ i)y, (k„+k„)(k„+k„), (6)

where we have assumed &u~, = v~, »k„,v„~„=u&~, »k„v, (s =1,2). Here g, (k) is the familiar colli-
sionless electron susceptibility. The terms for which the frequency arguments of g, are small domi-
nate. For the 2(d~, instability we can have

ru„—co„« Ik„—k„ Iv„

since cu„,cu„-&u~„but in the last term ~„+~„-2~&,»lk, +k. Iv, and so this term is smaller by terms
1 2

of order k„+k„ I /kD, 2. The well-known result for X&,~
can be written to leading terms as

1 2

X(2)(k„,k„&,k„-k„&)=i 2 (k„' k„ I)X, (k„-k„ I)Ik„—k„,I.

The curly-bracketed expression in (5) can then be written on substitution of (6) and (7) as

e' (k ,' k,,~)(k„, ' k,,') )(,(k„,—k„ 1)Q,.(k„,—k„;)+ 1]

nj — nj

where we have used e(k) =1+y, (k)+X;(k) and X,.(k) is the collisionless ion susceptibility. This result
differs by a factor —(y,. + 1)/X, from that found where X,» was neglected. In the static approximation
used there this factor can be written as —(T, /T, ) (since IR„,- k„ II/kD, «1). Thus the coefficient of the
integral in Eq. (15) of I is multiplied by —(T, /T, ) and the subsequent equations are altered by replacing
W by —W(T, /T,.). The final result for the saturated wave energy of the 2&v~, decay instability which re-
places Eq. (17) of I then becomes

&= 2(r, /~„)P' - I)"(I+ &;/&.). (6)

When T, /T; »1 we see that the inclusion of the X&» terms makes a significant quantitative difference.
The application of this theory to the electron-ion decay instability for Z', »T. will be considered else-
where. '
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