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after scaling r — /=r, E > hwyE
Schrédinger equation: Ifl\lf(n oy By) = EV(ry,ro, .. ky)

H= Z[———F =X; +—62 2]+Z]r,—r/|

€ anlsotropy of the trap
g= % / - Coulomb / longitudinal trapping energy.
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Correlation measures
Correlation energy
Ecorr = EmF — Eexact (LOvdin 1955)

Statistical correlation coefficient
( )i — (F)

Fy-12)j—(F); ,

Tii = —————5— (Kutzelnigg 1968)
)i - (n?

expectation values weighted with the probability density
[4o(r, ..., rn)|? and integrated over the remaining variables.

p(ri,r1) :/‘V(l’hrz,---,l’N)‘V("’hl’z,.-.,rN)dsfzu-dst

Based on two particle reduced density matrix 2-RDM

2p(l’1 ,Fo, r; - r’g) = W(I’1 o By ooog rN)\U(r’1 : I"g, aoog rN)d3r3...d3rN
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Theoretical description

Measures based on 1-RDM

entanglement entropies - global characteristics for pure states
1-RDM admits a Schmidt decomposition
p= Mvidwl, D A=1.

Natural orbitals { vk} form an orthonormal basis in #.
Entanglement is characterized by occupancies {\x}.

von Neumann entropy
S = —Tf[plnp] = —Z)\kln)\k

L=1-Trp2=1-3 A2

Rényi entropies
5(q) = 15N YA
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We consider strong anisotropy case ¢ > 1
single transverse-mode approximation
The particles assumed to stay in the lowest state of H,

N—body wave function approximated by:
W(I‘1 o By ocog rN) ~ 1[)(X1 , Xo, ..., XN)”;\L1 go(y,')gO(Z,')
where ¢(z) = (5)%6
Integration over L gives quasi-1D Schrédinger equation
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quasi-1D effective potential:
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e 2
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Schrédinger equation
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Theoretical description

Applicability of the single-mode approximation:

Comparison of E(}D with exact Ey from 3D Hamiltonian

0.030 [~

0.025 - 4

relative error ~ *’f| e g
AE — [Bo=E%l o) | s ]
= o |

oo | ¢ =20 ]

0.005

0.000f,

anisotropy parameter e
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Schrodinger equation
Correlation characteristics
Quasi-1D system

Theoretical description

Applicability of the single-mode approximation: N =2

Comparison of E(}D with exact Ey from 3D Hamiltonian

0.030
0.025 - 4
relative error | e ]
AE _ |E0_Ea ‘ 0015 —=—g=5 ]
_ Eo
oo | =20 ]
o.oosN\ ]
oooof, , 7, \%\’:‘*532‘3% ———
2 4 6 8 10 12 14 16
anisotropy parameter e
Anisotropies e > 5 are sufficiently large for employing the single '(
mode approximation in calculating GS energy. o
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1-RDM in the single-mode approximation

single-mode approximation

1-RDM factorizes to the form

/

p(r. ) = o(y)e(y )e(2)e(2 )p1p(x, X ),

with effective 1D RDM
p1D(XaX ) = , ,
= [ (X, X5 e, XN)V(X , X2, ooy XN)AX2... Xy = D \Vi(X) V(X))
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1-RDM in the single-mode approximation

single-mode approximation

1-RDM factorizes to the form

p(r.¥) = o(¥)e(y )e(2)e(2 )p1p(x, X ),
with effective 1D RDM
p1D(Xa X ) = , ,
= [ (X, X5 e, XN)V(X , X2, ooy XN)AX2... Xy = D \Vi(X) V(X))

Linear entropy
L=1—trp5p=1— [ [% p2p(x,X)axdx =1 -3, A2,

We calculate the GS wave function of the quasi-1D Hamiltonian
¥(xq, X2, ..., Xy) With the quantum diffusion algorithm and use it '(
to determine pyp(x, x') and L.
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Theoretical description

Strictly 1D limit

Interaction potential T diverges at x; = x; for g # 0.
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Strictly 1D limit
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Interaction potential T diverges at x; = x; for g # 0.
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UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

Gniversity

Anna Okopiniska, Przemystaw Koscik Correlation properties of few charged bosons in anisotropic traps



Schrédinger equation
Correlation characteristics
Quasi-1D system

Theoretical description

Strictly 1D limit

divergencies

Interaction potential T diverges at x; = x; for g # 0.

4
UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

no divergencies

Gniversity

Anna Okopiniska, Przemystaw Koscik Correlation properties of few charged bosons in anisotropic traps



Schrédinger equation
Correlation characteristics
Quasi-1D system

Theoretical description

Strictly 1D limit
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Interaction potential T diverges at x; = x; for g # 0.

4
UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

no divergencies
Astrakharchik and Girardeau, PRB 83, 153303 (2011)
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Theoretical description

Strictly 1D limit

divergencies

Interaction potential T diverges at x; = x; for g # 0.

4
UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

no divergencies

Astrakharchik and Girardeau, PRB 83, 153303 (2011)
Bose-Fermi mapping:

GS wf related to the lowest energy antisymmetric wf ¢F as

¢(X17X27 "7XN) = ‘wF(X‘hXQa "7XN)‘ '(
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Theoretical description

Strictly 1D limit

divergencies

Interaction potential T diverges at x; = x; for g # 0.
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UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

no divergencies

Astrakharchik and Girardeau, PRB 83, 153303 (2011)
Bose-Fermi mapping:

GS wf related to the lowest energy antisymmetric wf ¢F as
(X1, X2, .., XN) = [VE(X1, X2, .., XN)| '(

Bosonic system fermionized.
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behavior of GS energy at ¢ — co.
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Bose-Fermi mapping:

GS wf related to the lowest energy antisymmetric wf ¢F as
Y(X1, X2, -, XN) = [YE(X1, X2, .., X))

Bosonic system fermionized. No divergencies in calculating . '(
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Correlation characteristics
Quasi-1D system

Theoretical description

Strictly 1D limit

divergencies

Interaction potential T diverges at x; = x; for g # 0.

4
UV divergencies in calculating GS wf of a bosonic system!
Usually, divergencies cured by considering strongly anisotropic
3D potential, performing calculation at finite e and observing the
behavior of GS energy at ¢ — co.

no divergencies

Astrakharchik and Girardeau, PRB 83, 153303 (2011)

Bose-Fermi mapping:

GS wf related to the lowest energy antisymmetric wf ¢F as
Y(X1, X2, -, XN) = [YE(X1, X2, .., X))

Bosonic system fermionized. No divergencies in calculating ¢'r.
We determine v using Cl with harmonic oscillator basis {¢/°}.
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Linear entropy
von Neumann entropy

Plot of the effective 1-RDM pp(x, x)

Results

large anisotropy, e = 30 strictly 1D
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Linear entropy

Results
von Neumann entropy

Ground-state linear entropy
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