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We make some additional remarks in response to Pang’s Comment [preceding paper, Phys. Rev. 49,
4747 (1994)], and indicate some disagreements to his comment. We explain the condition of satisfying

the ®* chain for the lattice vibration.

PACS number(s): 87.10.+e, 87.15.He, 65.90.+1i, 05.90.+m

We have studied the preceding Comment [1] carefully.
We would like to make some additional remarks as a re-
ply to Pang’s questions.

(1) The thermal stability of the Davydov soliton is
determined by the dynamic equations derived from the
thermally averaged Hamiltonian H

Hr=3pH,,, (1)

_ (vlexp(—Hy, /kpT)|v)
Py S (vlexp(—H, /kzT)|v)

(2)

The H,, has been given by Davydov [2] as
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In Davydov’s form, the influence of the exciton state on
the “pure” vibration of the lattice is neglected and re-
stricted to a single excitation 3|4, |>=1. This approxi-
mation is reasonable under the lower excited state.

Cruzeiro et al. [3] calculated the thermal average
Hamiltonian operator based on the following (H,,)c_g
in Eq. (6). The only difference between both works is that
Cruzeiro et al. made no approximation,
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Using (1), (2), and (4)-(7), they obtained the evolution equations of ¢/, and B,,

dB,,
ih—0=—J {3, _1e [T, +1)B_,— (7, + 1)B,, ]

dt
+'/’;+1¢'ne_W[Vqun+1—(Vq+'§‘)Bqn]+¢:¢n+1e‘w[(vq+I)Bqnﬂ_(vq-'-%)ﬁ‘l"]
+¢:_1¢,,e‘wwqﬁ.,n-l—wq+%>Bqnn—wnlz%NF*(q)e"“’""+|¢nlzhwqﬁqn ®)
hd'pn_ -7 —W_+_ —W+ F igna, +B* + h v | 2
i =ec—s¥n—J(P,_1e Yurie” )ty ZF(Qe By, B )+, B hoo, (v, + 1B, 1) ©)

q

The above equations (8) and (9) are Egs. (10) and (11)
given by Pang in his comment [1]. As we know, using the
above equations, one cannot obtain equations of motion
with an analytical soliton solution under the quasicon-
tinuous approximation. The numerical results of
Cruzeiro et al. have stated clearly that their soliton solu-
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tion has some main properties similar to the Davydov
solitons. According to the above-mentioned reasons we
can take Davydov’s form to investigate analytically the
thermal properties for the Davydov soliton.

(2) The influence of temperature on excitons can be es-
timated using the method of statistical summation to
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compute the energy of excitons and the transfer energy of
excitons with different states. According to the above
idea based on (1) and (2) we calculated the thermal aver-
age of w:r,zpn,zﬁ):z/;nt], ..., in (7) and analyzed the rela-
tions between them. It is the thermal average of every
term that is given by Pang’s Egs. (5) in [1].

According to the method of the temperature Green
function we have known that the thermal average of the
product of the operators will be nonzero only when they
have the net effect of not creating or destroying any parti-
cles [5]. So we can say that the thermal average of a sin-
gle creation or destruction operator must be zero and it is
incorrect that Pang calculates the average of a single
operator in his Eq. (4) [1].

(3) Pang believes that he cannot obtain Egs.
(A16)-(A18) in our paper [4] from his Egs. (16) and (17)
in the comment [1]. In [4] we calculated the thermal
average of u, using Davydov’s form,

(¢,lu,ld,)=B,(t) (10)

i, (2.11) in [2], and Pang used Eq. (2.17) given by
Cruzeiro et al. in [3].
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The above difference between (10) and (11) influences nei-
ther the equations of motion nor the properties of ¢, if
we change the zero point of the energy using following
relation:
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Under the above substitution, Eq. (16) in Pang’s paper [1]
can be rewritten as
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and Eq. (A 13) in our paper [4] can also be rewritten as
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(4) It is common knowledge that the probability ampli-
tude of the excitons obeys the nonlinear Schroedinger
(NLS) equation under the quasicontinuous approxima-
tions for Davydov theory,
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But we do not have any reason to requlre that the square
of the probability amplitude, ®= 1/; (x,)P(x,1), also obey
the same equation as Pang clalms This is because Y
satisfies the NLS equation but 1/; ¥ does not.

(5) We have proved that the vibration of the lattice can
be satisfied by the motion equation of a ®* chain only if
the Davydov soliton exists. We can also investigate some
properties of the Davydov soliton. This results from the
interaction between excitons and phonons under given
conditions. According to our comprehension, Davydov
solitons include both ¥(x,¢) and B(x,t). In our paper [4],
we obtain that B(x,t) satisfies the ®* equation but ¥(x,?)
does not:
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Only with an existing soliton solution can the influence of
an exciton on the vibration of a lattice be replaced by an
effective double-well potential. Thus B(x,t) obeys the ®*
equation. But the Hamiltonian corresponding to Eqg.
(14), namely, the effective Hamiltonian H'
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does not need to be the Davydov Hamiltonian or part of
it. For example, the influence of phonons on excitons can
be replaced by a self-action effective potential, thus ¥(x,?)
obeys the NLS equation (15) and its effective Hamiltonian
H"is
H"=3 [eB!B,—JB)(B,,,+B,_)]—G3 |B,|*|B,|*.
n n
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This is obviously not the original Hamiltonian (10).
Additionally, the method given in the paper [4] has

been used to discuss some problems about condensed

matter, and we have obtained reasonable results [6].
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