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The interference terms are neglected →
|α〉 involves more |n〉 than |β〉
Qualitative conclusion.
Quantitative?
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Ĥ0 =
~2

2m

[(
1

i

∂

∂z
− A

)2

−4ρ

]
+
mω2
⊥ρ

2

2

V̂s = V0δreg(r−Rs) (Rs = (0, 0, zs))

In the sector of axially-symmetric states
Enl = 2~ω⊥n + ~2(2πl/L− A)2/(2m)
— degeneracy is lifted by the vector potential A
∆E ∝ E−1/2— as in the 3D flat potential.



HARMONIC WAVEGUIDE WITH SCATTERERS
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s zero-range scatterers — rank-s separble interaction
[Cheon & Shigehara, PRE (1996); Legrand, Mortessagne & Weaver, PRE (1997);
Kanjilal, Bohn & Blume, PRA(2007); Yesha, J. Spectr. Theory (2018)]

α eigenstates are calculated with ∼ s2α5/3 operations (cf. with ∼ α3 for direct diagonalization)
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non−sym: periodic boundary conditions (PBC), A≠0, irregular zs
PT−inv.: PBC, A≠0, symmetric zs−s’+1+zs’=const
T−inv.: PBC, A=0, irregular zs
box: hard−wall box, A=0, irregular zs

η−1
s = η−1

s−1 + ν

ν =

{
1/3
1/2

}
2πΓ′

∆E

1/3 — PT and T
- invariant

1/2 — otherwise
ν = 1.07, 0.7, 0.68
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CONCLUSIONS

The addition of an independent interaction increases the system chaotisity.

The number of principal components — a characteristic of the system chaotisity — increases
linearly with the number of independent interactions of the same shape.

This dependence is confirmed by numerical calculations for a harmonic waveguide with scatterers.

The variance of expectation value fluctuations between eigenstates decreases inversely propor-
tionally to the number of scatterers, demonstrating approaching the eigenstate thermalization.


