
Shastry Replies: The Letter [1] (L) presents a framework
for calculating the properties of extremely correlated Fermi
liquids (ECFL) with eliminated double occupancy, where
the standard Feynman diagram formalism fails. By adapt-
ing Schwinger’s method of source fields to generate exact
functional differential equations, it overcomes the vexing
absence of Wick’s theorem for noncanonical electrons.
Here the electronic Greens function G is found as the
convolution of a canonical Greens function g involving a
self energy!, and a dynamical spectral weight!, given in
terms of a second ‘‘self energy’’ ". An expansion of the
exact equations is given in a parameter " argued to be
equivalent to the particle density n. Equations for" and!
to first order in " are written down [Eqs. L(18)-(20)],
giving the first ! dependent corrections to the Fermi gas.
These require detailed computations that are underway.
Meanwhile for illustrating the formalism, a further analyti-
cal simplification to the above first order equations is made.
This ‘‘simplified ECFL theory’’ thereby yields the explicit
analytical approximation Eq. L(26) for the one electron
spectral function #G of the t-J model. In [2], this expres-
sion is successfully confronted with data on cuprate
superconductors.

The preceding Comment (C) [3] questions the positivity
of the spectral function of the simplified ECFL theory. As
already recognized, and explicitly addressed in the Letter,
maintaining positivity of the spectral function within vari-
ous approximations of this framework can be challenging
in general. This aspect of the formalism differs from the
standard theory, and one must be prepared to make suitable
physical approximations, e.g., by invoking hard or soft
cutoffs. As written Eq. (26) is non-negative, thanks to the
explicit cutoff in the numerator. On the other hand, the
cutoff plays almost no role in the most interesting regime
of this approximation relevant to angle-resolved photo-
emission, since for most occupied states the spectral func-
tion is already positive (see also L. Ref. [13]).

The Comment addresses the ~k dependence of the sim-
plified ECFL theory [4], and compares it with a dynamical
mean field theory calculation (C. Ref [3]). This exercise
mistakenly supposes that the simplified ECFL theory is a
proposed solution of the t-J model, in the limit of high
dimensions. In clarification: the Letter does not claim to
solve the t-J model in high dimensions by this approxima-
tion. The context of the simplified ECFL theory is dis-
cussed near Eq. L(24). In brief, this approximation is ‘‘high
dimensional’’ only to the extent that the two self energies
within the first order in " equations, Eq. L(18)–(20), are
proportional to each other, if their momentum dependence
is neglected. Concerning higher order terms in ", which
must be addressed for a complete solution, we make no
such claim. The term ‘‘high dimensional approximation’’

thus refers only to the relationship between the two self
energies in the first order in " theory Eq. L(18)–(20).
Renaming the approximation as the ‘‘simplified ECFL
theory’’ from our initial nomenclature makes its nature
more clear. The ECFL solution of the t-J model for
d ! 1 is undoubtedly of interest. If found, it would clarify
the role of the crucial variable U

d . In ECFL one assumes
U
d ! 1, while apparently U

d ! 0 in (C. Ref [3]).
The Comment remarks on the nature of the ECFL state

and its purported inaccessibility from the Hubbard model.
A physically meaningful and rigorous characterization of a
quantum fluid is in terms of the symmetry of the ground
state, and in the nature of its lowest excitations for small
( ~k! ~kF, !) as reflected in G, and as addressed by scaling
theories [5]. The technique by which G is calculated seems
peripheral to this issue. The Hubbard model has a Fermi
liquid phase at suitable parameters with standard signa-
tures [5]. The ECFL state also represents a Fermi liquid
(FL) in the above sense, provided the energies j$kj, j!j are
smaller than the energy scale #ð ~kF; 0Þ [Eq. L(22)].
Generically, #ð ~kF; 0Þ is nonvanishing in ECFL, as in the
simplified ECFL theory. Thus, we asymptotically again
arrive at a FL state, without a fundamental obstruction to
adiabatic continuation inU between the two FL states. The
theory interestingly also allows for a vanishing #ð ~kF; 0Þ at
special values of parameters, thereby locating possible
quantum critical points. It also yields several useful results
away from the asymptotic region [2].
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