Current Response as a Geometric Phase: Interpretation of Conductivity in

Background

@ Kohn (PR, 1964) derived an expression for
the DC conductivity in crystalline systems, by
taking the zero frequency limit of the

frequency dependent conductivity
T *E(® =0)
L 0P>

D =

@ Drude (D ) and superfluid (D ) weights have

“identical” expressions

@ Scalapino, White, and Zhang (PRL,1991)
D derivative is adiabatic (perturbed system

remains in the same state)
D_derivative is “envelope” (perturbed system

remains in the lowest energy state)
D and D _in variational theory

@ Dc and Ds for a finite temperature system can
be defined (Zotos, Castella, and Prelovsek,
1996) as
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®In variational theory the Boltzmann weights
are replaced by

P; = |(¥|T;)[°
where § denotes the variational wavetunction ,
¥i denotes the eigenstates of the system
Hamiltonian
eDitficulty with D : need perturbed eigenstates

Current response as a phase

@ The persistent current can be expressed as a
geometric phase

@Definition of current )
J(@) = 0p E(®) = (V(P)[0e H(P)[¥(D)).

The current can be rewritten as
N
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The wavefunction can be written in terms of
the total position as
(1, ...xzN|V(D; X)) =V(z1 + X, ...,zn + X; D).
Using X we can write
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The current response can thus be written as
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The second term in the expression for the
current is a Berry phase. The variable X can be
viewed as an external parameter, the adabatic
cycle arises by taking the system across the
periodic cell.

Variational Wavefunctions
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Connection to Polarization Theory

@ Due to the ill-defined nature of the position in

periodic systems polarization can not be
written as a simple average over the dipole
moment

@ Modern theory of polarization (Resta, RMP
1996):

p=_=
27T

@ The variable K in polarization plays a similar
role to the variable X for the current response
@The discrete analog of P can be written:

dK(V(K)|0k |¥(K))

L .
P = —Imln(¥|e2mX/L|p)
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The Discrete Case

@ The discrete analog for the phase
corresponding to the current J(®) can be
obtained by discretizing the integral over X:
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J(0) = Al)i(Igo ﬁlm In (U(sAX)|U((s+ 1)AX)).

(® was taken to be zero without loss of generality)

@ Can be rewritten with the help of the total

position shift operator
Definition: U(AX)[W(X)) = [W(X + AX))

@ Using U(AX) the current can be written

, 1 1
J(0) = Al)lcrgo m AX

Tm In(¥(0)|U(AX)|T(0)).

Construction of Shift Operators

@ For discrete systems shift operators can be
constructed via the permutation operator:

P =1- (cj — c})(cq; — ¢j)

®The permutation operator satisfies identities
Pr,;jCj — CiPz'ja P@'jCZ‘ — Cij,;j, Pf,;jc;r- — CIP,,;j, P@'jCI — C;L-Pz'j.

@ To construct U/(AX) one can take a product of
lattice site permutation operators as:

A

U(AX) — P12P23...PL_1L

for which it holds that
A - Ci_lﬁ(AX), ’LIQ,,L
UlAX)ei = { ctU(AX), i=1.

in other words it shifts the position of particles
module L.
® On momentum states the action of U(AX) is:

U(AX)é, = 2 Xke,U(AX)

@A a result the current can also be written as

, 1 1
J(0) = Al)lcrgo m AX

Tm In(T(0)|e"2X K| W (0)).

where i — Yk the total momentum. This
expression is analogous to the one for the
polarization with the roles of X and K reversed.

Projected wavetunctions

Gutzwiller wavefunction

@ Form of Gutzwiller wavefunction:

We(7)) = e TP |FS)

double occupations D are projected out of the
Fermi sea (|FS>).

(X?) - (X)?

@ Normalized spread: -

where the total position operator X is defined

as a sawtooth wave:
L/2—1

3

m=—L/2
m=£0

with W = e27X/L
@ For the Fermi Sea the normalized spread
approaches 1/12 as L->oo0,

0.08275
0.08312
0.08327
0.08330
0.08331
1/12

Table I. Fermi sea and Gutzwiller results

(variational Monte Carlo, Yokoyama and Shiba
(JP3J, 1987)).

@ For large L the normalized spread converges
to 1/12 for the Fermi sea and both Gutzwiller
wavefunctions.

@ Current response: it holds that

0(AX),e P =0

0.079(1) 10.0412(9)
0.0830(6) |0.0682(6)
0.0831(5) [0.0797(5)
0.0833(4) [0.0824(4)
0.0829(3) [0.0830(3)

%since shifting the positions of all particles will
not change the number of doubly occupied
sites

UAX)¥(y)) = 77 2" U(AX)|FS) = 2% 250 (),

Current response for the Gutzwiller
wavefunction is identical to that of the
Fermi sea.

@ Conclusion can be generalized to simple
Jastrow-type projections diagonal in coordinate
space.

Other projected wavefunctions
@Baeriswyl-Gutzwiller wavefunction

Tpe(a,7)) =e e "P|FS).

Since U(AX) commutes with both projectors,
the current response will again be that of the
Fermi sea.

@Baeriswyl wavefunction, Gutzwiller-
Baeriswyl wavefunction:

Up(a,7)) =e ' |Vu), [Tap(a,7)) = "Pe T,

current response determined by Yoo)
®Non-trivial behavior: non-centrosymmetric or
phase-dependent projectors.
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