Nearly Umdu‘ectlonal Mlcrowave Networks and Quantum Graphs

Omer Farooq’, Afshin Akhsham Michat Lawmczak Malgorzata Biatous, Szymo»n Bauch Leszek SlrkoT |

Institute of Physms Polish Academy of Sciences, AleJa Lotnikéw 32/ 46, 02-668 Warszawa Poland
; Emaﬂ farooq@lfpan edu pl tsirko@ifpan.edu. 1:)1 X 7 )

Abstract

We experimentally investigate the undirected open microwave network with internal absorption composed of two
coupled directed halves, unidirectional networks I't and I'—, corresponding to two possible directions of motion on their
edges. We measure the two-port scattering matrix and evaluate the spectral statistics and elastic enhancement factor.
The comparison of experimental resonances with theoretical predictions by Weyl’s law shows double degeneracy.
Despite time-reversal symmetry, the missing level spectral statistics and elastic enhancement factor are close to the
Gaussian unitary ensemble predictions. We used numerical calculations for the open nondissipative quantum graph
possessing the same structure as the microwave network to investigate the doublet structures in the spectrum which
otherwise would not be experimentally resolved. We show that the doublet size distribution is close to the Poisson
distribution.

Experimental Setup and Results
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(a) The elastic enhancement factor W (black open circles). The expected theoretical values for GUE
systems are marked by red solid line.
(b) Experimental distribution P(v) of the imaginary part of the diagonal elements of the Wigner's
o K (black open circles). The theoretical distribution P(v) is marked by red solid line.
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0.2 1 - 1+ % - The numerical nearest-neighbor spacing distribution P(s) (green histogram) and (b) the spectral
rigidity A, (L) (green open circles) calculated for the undirected graph I
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e (@) The numerical nearest-neighbor spacing distribution P(s) evaluated from the spectra of the
P %A 6 SIS s 9655 RIS o Gl el 2 G558 S 0.00—— , - : - graph I'. under the assumption that the doublets are not resolved and are treated as singlet states
0 1 s 2 3 0 4 8 L 12 16 20 (green histogram). The distribution P(s) evaluated for the simplified closed graph I" which was
composed of ten edges and five couplers (red histogram). The graph I" is characterized by the
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Summary and Conclusions

« We experimentally investigated an undirected open microwave network with internal absorption composed of two coupled unidirectional networks I'+
and I'- corresponding to two possible directions of motion on their edges.

« Though the networks are characterized by time reversal symmetry their missing level nearest-neighboring distribution and the spectral rigidity do not
obey GOE predictions.

« We used numerical calculations for open quantum graphs simulating microwave networks with no internal absorption to investigate their spectral
statistics and doublets, which were not experimentally resolved.

« The numerically obtained spectral characteristics shows significant deviation from the GUE predictions. We show that the doublet size distributions
are close to Poisson distribution.
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