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Agam et al. Reply: In the preceding Comment [1] the  To summarize the first point, we stress that there is no
authors express concerns surrounding the validity o&rbitrariness in the choice of tkemodel. It is dictated by
the field theoretic approach outlined in Ref. [2]. Theirthe symmetries of the problem as much as the construction
criticism is based largely on two issues: First, the seemingf the diagonal approximation in periodic orbit theory.
arbitrariness in the choice of the parametrization of theThe investigation of the role of invariance as well as
o model, and, second, claiming that phase informatiordiscrete symmetries was discussed at length in Refs. [3,4].
is discarded in an “uncontrolled” way. We believe that Turning to the second issue, we would like to reiterate
this criticism is based on incorrect premises, and take thithat quantum interference effects within the nonlinear
opportunity to elucidate these points which have not beemodel are encoded in two ways: The first is through the
discussed at length in Ref. [2] due to lack of space. structure of the nonlinear manifol@> = 1, while the

The general aim of the field theory approach is to expressecond is through the local dynamics which in our case
statistical properties of chaotic quantum systems in termis given by the commutator with the Hamiltonian of the
of the low lying modes of density relaxation. The guiding system,[H,-]. A relaxation of the nonlinear constraint
principle is to exploitall the symmetries of the problem, generates a perturbative expansion of the field theory [5].
those in Hilbert space, such as time reversal or reflectio@uantum (or weak localization) corrections absent in the
symmetries, as well as those in the internal space of the reonventional diagonal approximation are obtained from the
tarded and advanced sectors. The massless modes of thigher orders of the perturbation expansion [6].
resulting effective theory are described &gwly varying We believe, therefore, that the line of reasoning that
functionsin the phase space of the system. They are gerled the authors to conclude that “Taking the classical time
erated by the symmetry transformations that preserve thevolution. ... involves discarding phase information in an
interaction term. Each discrete symmetry of the problemuncontrolled way” is incorrect. Indeed, the virtue of the
leads to an additional sector of the saddle manifold. To ilpresent theory over previous semiclassical approaches lies
lustrate this point consider a time reversal invariant (TRI)in the controlled nature of the approximation. The sub-
system. As the authors point out, the analysis of a TRI sysstitution of [H, -] by iAi{H, -} is consistent with the aim
tem with non-TRI parameterization would lead to wrongof constructing an effective semiclassical theory account-
results. The point where the mistake occurs is the assumpng for low lying modes of density relaxation (i.e., slowly
tion that all massless modes of the problem were correctlyarying Q fields).
identified. For a TRI system it is a wrong assumption,
since additional sector of the saddle manifold can be gerf- Agam, A. V. Andreev? B.D. Simons; and
erated by the TRI symmetry of the problem. Taking thisB- - Altshuler .
symmetry into account one may proceed using four com- NEC Research Institute
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case. However, from a technical point of view, it if more  2ingtitute for Theoretical Physics
convenient to extend the internal space of the fields to in-  university of California
clude conjugate field components explicitly. Santa Barbara, CA 93106

We are not aware of a way of obtainingaa model 3Cavendish Laboratory
corresponding to two GUE's starting from one Gaussian Madingley Road
orthogonal ensemble (GOE) Hamiltonian. In our opinion, ~Cambridge, CB3 OHE, UK
the authors make this claim based simply on the identity ‘Department of Physics
of the tangent spaces in these two cases, which is not Princeton University
sufficient for the construction of the model. Princeton, NJ 08544
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the semiclassical approximation correspond to the inter-
ference of paths related by the discrete symmetry. Such
modes are associated with new saddle manifolds related!] F. Leyvraz and T.H. Seligman, preceding Comment, Phys.
to the first by the symmetry operations of the group. _ Rev.Lett.79, 1778 (1997). _
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