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Confinement models of wire

Hamiltonian for simulating spin-polarized (ferromagnetic) N -electrons

Ĥ = −1

2

N
∑

i=1

∂2

∂x2i
+
∑

i<j
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Hartree atomic units (a.u.), ~ = |e| = me = ǫ = 1 a.u.
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soften Coulomb potential V (x) = 1/
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parameter of the cylindrical wire
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Quantum Monte Carlo simulation

casino code R. J. Needs et al., J. Phys. Condens. Mat. 22 (2010) 023201
details: V. Ashokan et al., Phys. Rev. B 98 (2018) 125139
harmonic wire for N = 99 at rs = 0.5

parallel-spin pair-correlation
function
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,

with spin σ, electron density ρσ
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momentum distribution

n(k) =
1

2π

〈
∫

ψT (r)

ψT (x1)
exp[ik(x1 − r)] dr

〉

= n(kF ) + A[sign(k − kF )]|k − kF |α
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Density response function

parameter λ indicates the order of expansion

χ(q, ω) = χ0(q, ω) + λ v(q)χ2
0(q, ω) + λ χse1 (q, ω) + λ χex1 (q, ω)

non-interacting polarizability
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self-energy contribution
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with Ωk,q = ωk − ωk+q, Ωp,q = ωp− ωp+q, spin degeneracy gs, Fermi-Dirac

distribution function nk

Analytical results

static structure factor
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= S0(q) + Sd1(q) + Sse1 (q) + Sex1 (q)

∆S(k) = SHr.1 (x, b)− SHr.1 (x)
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harmonic wire as a function of k/kF
at rs = 1
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comparison with DMC for N = 99 at
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pair-correlation function
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theoretical result compared with
DMC for N = 99 at rs = 0.5
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Correlation energy

fluctuation-dissipation theorem

Eg = E0 +
n

2

∑

q 6=0

V (q)

(

− 1

nπ

∫ 1

0

dλ

∫ ∞

0

χ(q, ιω;λ) dω − 1

)

= E0 + Ex + Ec

with kinetic energy E0 = π2/24r2s, analytical expression for wire-width-
dependent correlation energy up to O

(

b2
)

Grindhar et al., Phys. Rev. B
105 (2022) 115140
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Cylindrical Wire

change in the correlation energy per particle from value for infinitely-thin

wire for harmonic (left) and cylindrical wire (right)

Comparision with QMC
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Ground-state energy

Eg = E0 + Ex + Ec
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as function of density parameter rs,
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0.9 (bottom to top), inset for b = 0.5
compared with VMC

• as the wire width is reduced the ground state energy decreases
• becomes negative beyond some b signifying existence of a more stable
and bounded system

Summary

• ground-state properties of ferromagnetic quasi-quantum wire using quan-
tum Monte Carlo (QMC) method for various thicknesses and densities

• correlation energy, pair-correlation function, static structure factor, and
momentum density are calculated for various wire widths at high-density

• the peak in static-structure factor at k = 2kF grows sub-linearly as the
wire width decreases

• thermodynamic limit of Tomonager-Luttinger parameter for several wire
widths at high densities, varies about 10% for wire widths b = 0.01 to
b = 0.5

• first-order RPA with exchange and self-energy contributions leads to an-
alytical expressions for the structure factor and correlation energy

• high-density analytical results in agreement with quantum Monte Carlo
simulation

• exact correlation energy varies as b2 for b << rs from its value of an
infinitely-thin wire, significantly depends on two wire models used

books and paper: http://www.k-morawetz.de


