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ABSTRACT

It is pointed out that the approach of Ref.[1] fails to give the semiclassical Einstein equations with

quantized matter back reaction in the form of an energy expectation value.
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In Ref.[1](denoted I Lhenceforth),I{im claims to obtain both the semiclassical Einstein equations (SECC’s)
with back reaction and the matter Sclirodinger equation self-consistently,by using a ‘new asymptotic expan-
sion method for the Wheeler-Dewitt(WD) equation’.However,the claim doesn’t seem to be justified.Tle ap-
proach of the author does not differ much from the conventional methods [4] in an essential way.In fact,the
classicality of tlie gravitational degrees of freedom is assumed,as in the standard approaches,at a WKDB
level. However.the quantum matter state ®(o, fy)[we follow thie notations of I] is expanded in terms of a

complete orthogonal set of states [eq.(2.8) of I]

B(6.ha) = Seilha) | Br(ovha) > (1)

Here,| ®1(0. fq) > is an eigenstate [eq.(2.15) of I

I(hy) | @r >= A\ | 1 > {2

—

-

of a generalized invariant operator I [eq.(2.13) of I]

d -, g . {es o
Z;I(Ila) = 51(’10) - -ﬁ-[l. Hm] =0 (-5)

The parameter 7 denotes the WI{B time introduced by [eq.(2.4) of I]

& &S ¢
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=" G W
where § is supposed to satisfig the EHJ equation with the matter back reaction [eq.(2.19) of I]
1, 6565 N .
e G gy e e = h / . ) = 5
‘me,c'abéha T 2mye*Vh *I(he) + (Pr|Hm|®r) =0 (5)

The main motivation of the paper rests on tle derivation of the above EHJ equation from the diagonal

matrix equation for the matter states [eq.(2.16) of I

m,;;ck(na) + [ (hg) = QY (ha) + AR (ha)ler(ha) = 0 (6)

However,eq.(5) is obtained from eq.(6) by a deliberate choice [eq.(2.17) of I]
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0 _ (1) _ 0

ok =
Miq+ﬂmq=0 (7)
&1 kk

without giving sufficient justification for the ansatz.Note that,this chioce is not unique.One could as well

Liave made eitlier of the following two choices:

0 = (8)
L 6 (1) (2)
lflz;(‘}; + [“Qkk + Qk?: ]Ck =0

and/or

1 2 .
QU+l =0 (9)
I
l.fls-T—Ck =0 ‘

Moreover,the ansatz (7) fails to satisfy tlie authior's demand.As noted in I.the definition of 7 depends on the
mode number & and hence on the mode depended gravitational action S;..In other words.for each eigenmode
| @) > of the invariant operator Lthe WKDB time 73 is defined on tle basis of the gravitational action Si.a

solution of the EHJ equation (5).In that case the matter states get decoupled

(o hy) = e};p(-r:-/fl(kzk)c[‘rk){‘l’k(o. m) , (10}

instead of the superposed states.eq.(2.21) of I[Tlis point seems to be got corrected subsequently.viz.eq.(22)
of Ref.[2]].Consequently.one gets from the matter Schrodinger equation (2.6) of I, < &) | Hy, | ) >= 0.This
indicates that one doesn't really obtain the EHJ equation with back reaction as claimed.

A more accurate choice in the author's approach would have been eq.(8).Even in this case one gets
the sourceless EHJ equation only.However,the matter state ® does satisfy the time dependent Schirodinger
equation [eq.(2.6) of I].Note also that the choice (9) corresponds to the adiabatic evolution:| ;. > being the

eigenstate of the matter Hamiltonian H me
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The apparent ambiguites in the above three possible clhioices could be traced to the plhase ambigu-
ity noted previousely[5.0] in the semiclassical reduction of the WD equation.This phase ambiguity is now
known [5] to be due to the induced geometric I7(1) gauge freedom associated with the 18D equation.In
Ref.[5],we Lave obtained a “geometric gauge invariant”form of the SCEE’s.Besides resolving the above men-
tioned ambiguities,tliese equations seem to shed interesting insights into the gravitational properties of the
cosmological vacuum energy.particle production and concept of time ete.in the context of quantum cosmol-
ogy.Further.the decoupling of the matter states.eq.(10),can also be understood in terms of the decolierence
in the mode dependent gravitational branches [5].

We conclude with a remark on a related previous work of the author[3].It was claimed that the sym-
metry in the cosmological time might be broken by the mode dependent geometric phases in the WD wave
function.Unfortunately.this claim is also not very well founded.Note that the total WD wave function is a
geometric gauge invariant scalar quantity.Both thie matter and the effective gravitational wave functions may
pick up equal geometric plases separately,but with a change in sign so as to keep the total wave function
phase independent.One can not therefore draw any inference on the time asymmetry on the hasis of the total
W D wave function.in contrary to the suggestion made in Ref.[3].0ne may.liowever,try to offer an- argument

in favour of the authors’view using instead the effective gravitational wave function.
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