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Introduction

I Experimental Realization of GSE Spectra

A. Rehemanjiang, M. Allgaier, C. H. Joyner,
S. Müller, M. Sieber, U. Kuhl, H.-J. Stöckmann
PRL 117, 064101 (2016)
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Spectra

I Depend on Phase: Kramers Degeneracy for ∆ϕ = π
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I Next-Nearest Level Spacings
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Model and Symmetries

I Hamiltonian: Block structure
Complex Conjugate Subsystems
Coupled by one Pair of Bonds (having ∆ϕ)

H =

(
H0 V V †

V V † H∗0

)

I Coupling between Subsystems:(
V V †

)
nm

= ψn1ψm2 + ei∆ϕψn2ψm1

I Symmetries: Reorder

(1, 2, 3, . . . ,1, 2, , 3, . . . )
↓

(1, 1, 2, 2, 3, 3, . . . )

I GSE: ∆ϕ = π [H,T ] = 0,T 2 = −1

T = diag(Cτy, Cτy . . . ) with τy =

(
0 −1
1 0

)
I GOE: ∆ϕ = 2π [H,T ] = 0,T 2 = +1

T = diag(Cτx, Cτx . . . ) with τx =

(
1 0
0 −1

)

Transition GSE−→GUE−→GOE

I Integrated next-nearest
level-spacing distribution

I(s) =

s∫
0

ds′p(s′) ∼ sβ+1
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Note: Symmetries make
GSE and GOE more ro-
bust and easier to measure.
GUE has no symmetry but
is it mixed enough?

Theory for Two Bonds: 2× 2 Model

I Conjugate
GUE blocks

I coupled by
b = 2 pairs of bonds

I with ∆ϕ= π

→

→

I Two-level approximation

I Representation in Eigenenergies:

H0 =

(
a/2
−a/2

)
I GUE Spacing p(a) = 32

π2a
2e−

4
πa

2

I
(
V V †

)
=

(
−V12

V12

)
V12 = ψ1(x1)ψ2(x2)−ψ2(x1)ψ1(x2)

ψi(xj): complex Gaussian

p(ψR, ψI) = e−π|ψ|
2

Distribution of Nearest Neighbour Spacings

p0(s) = 16s4

π∫
0

dϕ sinϕ cos2ϕe−
4
πs

2 cos2ϕK̂1(πs sinϕ)

with

K̂1(t) = tK1(t), lim
t→0

K̂1(t) = 0

and K1: modified Bessel function.

Additional Pairs of Bonds =

∆ϕ

∆ϕ
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I Circulators I Phase shifters I b bond pairs

(
V V †

)
nm

= ψn1ψm2 + ei∆ϕψn2ψm1

=
b∑
i=1

(
ψn,2i−1ψm,2i + ei∆ϕψn,2iψm,2i−1

)

Transition for Integrated Spacings

P (s) I(s)

∆ϕ

2π GOE

I(s) ∼ s1+1

3π/2 GUE

I(s) ∼ s2+1

π GSE

I(s) ∼ s4+1

Position Space vs. Eigenenergies

Necessary for scattering systems: Keep inversion symmetry
→ Attach channels to symmetric points (Position space)

With H0 = Ψ†ΛΨ and Λ = diag(E1, E2, . . . ):

H =

(
Λ V V †

V V † Λ

)
=

(
ΨH0Ψ† V V †

V V † Ψ∗H∗0ΨT

)

=

(
Ψ 0
0 Ψ∗

)(
H0 WW †

WW † H∗0

)(
Ψ 0
0 Ψ∗

)†

(
Ψ†V V †Ψ∗

)
ij

=
(
WW †

)
ij

=
N

π

b∑
k=1

(
δ2k−1,iδ2k,j + ei∆ϕδ2k,iδ2k−1,j

)

WW † =
N

π



ei∆ϕ

1

ei∆ϕ

1

0
. . .



 b = 2

Outlook

I Scattering Properties of TRS systems
i.e. What is about S12 = S∗21 in case of GOE?
Necessary: Keep inversion symmetry when adding channels.

I Analyse influence of bond pairs in Scattering Setups

See Also:
A. M. Mart́ınez-Argüello, A. Rehemanjiang,
M. Mart́ınez-Mares J. A. Méndez-Bermúdez,
H.-J. Stöckmann, H.-J., U. Kuhl,
PRB 98, 075311 (2018)

I Analyse Level Dynamics λ(∆ϕ)
for various numbers of bonds b.
(Compare global vs. local perturbations in billiards)

I Distribution of Reflections

http://www.nemf21.org/

http://www.nemf21.org/
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