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We developed a Monte Carlo method of calculation of Green function in imaginary times
which is free from systematic errors for (he case of quasiparticle in a boson bath [1.2]. A
novel procedure of analytic continuation (1], which is free from systematic errors, provides a
tool for study of optical spectra of quasiparticles. Our method does not rely on the specific
form of the quasiparticle dispersion and properties of boson bath.

As a speeific examples we consider Frohlich [1] and Holstein polaron. Calenlating within
free from approximation approach the current-current correlation function and making the
numeric analytic continuation we obtain exact data for the optic response of polarons,

We generalize the method to get a precise numerie solution of the irreducible two-body
problem and apply it to excitons in solids [3,4]. Our method does not rely on the specific
form of the electron and hole dispersion laws and is valid for any attractive electron-hole
potential. We establish limits of validity of the Wannier (large radius) and Frenkel (small
radius) approximations, present accurate data for the intermediate radius excitons, and give
evidence for the charge transfer nature of the monopolar exciton in mixed valence materials.

Finally, we discuss generalization of the method to the case of exciton in phonon field
and extend the technique for the t-J model [3] to the case of interaction of the hole with
optical phonons.
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e Description of the techniques of exact gen-
eration of Matsubara Green function of the
quasiparticles in bosonic bath.

e Description of the exact method of analytic
continuation to the real energies.

e Generalization of the technique to two-particle
Green function: exciton.

e Several application of the techniquelz: Rashba-
Pekar exciton, charge-transfer exciton.

e Magical number ‘4° for Frohlich polaron.
Lehman function and optical response.

e Further generalization: quasiparticle in two
bosonic bathes. t-J model in phonon field.
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Quasiparticle in the boson bath: Frohlich
polaron and Rashba-Pekar exciton
H=H+H,+1.,.

Quasiparticle dispersion:

H, = % £(K) ajay -
Boson dispersion:

H, = 3 wq bbg -
Quasiparticle-boson interaction:

Hw = X Via) (B~ b-0) ak-ath
a

Although presented technique is suitable for arbitrary dispersion of quasi-
particle, arbitrary dispersion of phonons and valid for arbitrary vortex
of quasiparticle-boson interaction, I'll show the results for the continuous
model

e(k) =k*/2; wq=1
in two specific cases.
1. Frohlich polaron (long-range interaction):

Vir(q) = 1 (2‘/5‘_)““)1/2 ,]], ‘

11. Exciton-polaron (short-range interaction):

[+ (peapa/272 11+ (Prana/2)

Here pep = men/(me + my) and ap is the Bohr radius.

1 : !
Vex(a) = Vrr(q) {W : }

Diagrammatic Feinman expansion for Matsubara Green
function

Expansion can be transformed into a series of positively definite in-
tegrals with ever increasing mumber of integration variables.
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GOk, 7 —0)GV(k — q,, 72 — 71)..GOK, T — Tp_1)

D(Qh 7 - Tl)~-'D(qh Tn — T”)
Here

GOk, 7) = exp{~(e(k) — p)r}; D(q,7) = exp{—wqr}
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Spectral density g(w).
alw) = ¥ 8w — E,(K)) |(v]ak|vac)’

13

G(r) = fum glw)e “Tdw

This equation is “ill-defined” problem and solution is difficult due to “saw-

tooth” instability.

g(m’
I i

1. Regularization method.

+ [ Flgw), ¢ (@), 9" (w))

2. Maximal Entropy method.
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FIG. 16, Model spectral density (dashed Jine) and the result of
spectral analysis (solid line). The position of the delta function is
shown only in the lower panel.
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PRL, vol. 87, p. 18402 (im)E. BuRroOVS Ki.

Diagrammatic expansion for Coulomb ladder.

Hy = Y e(K)elex + ¥e,,(k)h,(h.t, (1)
k
H,=-N"1% Uk, k')ef,ﬂh;_khpmkrew.kv. 2)
pkk' '

Here ey (hy) is the electron (hole) annihilation operator, e.(k) (g,(k)) is
the conduction (valence) band dispersion law, N is the number of lattice
sites, and U(p, k, k') is an attractive interaction potential.
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Diagrammatic expansion for charge transfer exciton: two-

level system.
Quasiparticle dispersion for two bands ¢ = 1,2:

H =Y ¥ ei(k)alea -

=1k
Boson dispersion:
. 1
H, =3 wqbgb, .
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Charge transfer two-level exciton-polaron.

bt 8
Jaquinu uouoyd abeseny

Energy

-h
o

_____ -

0.9 - - .
000 005 010 015 0.20 025 0.30
. Interaction constant

FIG. 1. Energy (solid line, circles) and N (dashed line, squares)
dgpe_ndcpcc on ¥z at y;; = 0 and y,; = 0.05. Inset: Z-factors
distribution for y,; = 0.2087. The statistic error bars are much
smaller than the point size.

\g‘f ff - TR/JW/J(}*:/( iy ‘pém‘/{][
M jD (n .ff,‘/,_c 0](

Rf]fA BA ~ 7:’):/02 AW A theorsm

/




Dr. Andrey Mishchenko, AIST Tsukuba (KITP 11-26-02) Few Particlesin Baths of Elementary Excitations: Exact Numerical..

Page 10

PHYSICAL REVIEW B, VOLUME 64, 033101

Simgle-hole spectral function and spin-charge separation in the r-J model
A, 8. Mishchenka,"” N. V. Prokof'ev,” and B. V. Svistunov®’
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Weak coupling
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