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TT 49.1 Thu 11:30 HSZ 304
Inter-lab quantum microwave teleportation — eMICHAEL
RENGER!2, SimMoN GANDORFER!2, Wun Kwan Yam!'2, FrLo-
RIAN FEsQUET!'2, KEDAR HoNasocED2, FaBIAN KRONOWETTER2:3
Yukr Nousiri!2, Acuim Marx?!, RupoLr Gross'?4, and KiriLL G.
Feporov!:2 — 1Walther-Meifiner-Institut, BadW, 85748 Garching,
Germany — 2TUM School of Natural Sciences, Technische Univer-
sitat Miinchen, Garching, Germany — 3Rohde & Schwarz GmbH &
Co. KG, 81671 Munich, Germany — %Munich Center for Quantum
Science and Technology, 80799 Munich, Germany

Quantum communication enables secure and efficient information ex-
change among different quantum nodes. To avoid inefficient frequency
conversion for data transfer between superconducting quantum proces-
sors, we implement our quantum communication protocols with propa-
gating quantum microwave states, directly in the microwave frequency
regime which relies on ambient temperatures below 100 mK. To realize
such a microwave quantum channel, we connect two dilution refriger-
ators over a distance of 6.5 m via a cryogenic link, operating at a base
temperature of 52 mK. We employ our system to demonstrate inter-lab
quantum teleportation of coherent microwave states, where we achieve
the teleportation fidelity of 55%, exceeding the classical threshold. We
discuss quantum advantage and security of this protocol and provide
an outlook into the future of microwave quantum communication.

TT 49.2 Thu 11:45 HSZ 304
A co-design superconducting quantum circuit for quantum
simulations — eDARIA GUSENKOvA, JAYSHANKAR NaTH, Hsiang-
SueNnG Ku, Juria LawmpricH, NicoLa WURz, STEFAN POGORZzA-
LEK, FLORIAN VieNEAU, PiNG YaNng, FrRaNK DEPPE, ANTTI VEP-
SALAINEN, ALESSANDRO LANDRA, VLADIMIR MILcHAKOV, CASPAR
OckeLoEN- Korppri, WEI Liu, Lan-Hsvuan Leg, SEuNc-Goo Kim,
HerMANNI HEIMONEN, MANISH THAPA, and INEs DE VEca — IQM
Germany GmbH, Nymphenburger Str. 86, 80335 Munich

The co-design concept of building application-specific quantum pro-
cessors is a viable strategy for reaching quantum advantage with noisy
intermediate-scale quantum computers. We consider many-body prob-
lems which map onto a Hamiltonian with all-to-all interacting qubits.
Here, a prototypical example is the simulation of a nanoscale NMR
system consisting of an NV center coupled to multiple nuclear spins.
We discuss the implementation on a star-topology circuit developed in
IQM. Compared to the general-purpose square-grid topology, the star
reduces the number of SWAP gates in the algorithm implementation,
and thus tolerates higher gate errors for a given computational preci-
sion [1]. In order to allow for hardware scaling, we use a distributed-
element resonator as a center component in the circuit. To use this res-
onator as a computational element, we develop qubit-resonator SWAP
and CZ gates. In this talk, we present the experimental progress to-
wards digitally simulating the nanoscale NMR problem.

[1] M. G. Algaba et. al., Phys. Rev. Research 4, 043089 (2022)

TT 49.3 Thu 12:00 HSZ 304
Showcasing the effective direct interaction between a readout
resonator and a strongly coupled junction defect mediated
by a transmon qubit — eALEXANDER K. HANDEL, ALEXANDER
BiLmEs, ALEXEY V. UstiNov, and JURGEN LISENFELD — Physikalis-
ches Institut, Karlsruhe Institute of Technology, 76131 Karlsruhe, Ger-
many

Decoherence from material defects constitutes a principal problem on
the way to improve superconducting quantum bits. Strongly coupled
defects residing in the Josephson junction pose a particular challenge,
demonstrating coupling strengths of multiple MHz. This strong cou-
pling leads to avoided level crossings when qubit and defect come into
resonance, and spoils qubit performance. In this work, we reveal an
additional decoherence channel that occurs due to the resonant interac-
tion between defects in the qubit’s Josephson junction with the qubit’s
readout resonator, through an interaction mediated by the qubit. We
investigate this effect using multi-photon spectroscopy and QuTiP sim-
ulations of the tripartite energy level spectrum.

TT 49.4 Thu 12:15 HSZ 304

Location: HSZ 304

Modular flip-chip architecture for generalized flux qubits —
eSOEREN IussEN!, SiMoN GEISERT!, MARTIN SPIECKER?, PATRICK
WiNKEL?, WoLFGcaNG WERNsDORFERDZ, and Toan M. Popl2 —
nstitute for Quantum Materials and Technologies, Karlsruhe Insti-
tute of Technology, Germany — 2Physikalisches Institut, Karlsruhe
Institute of Technology, Germany

Superconducting circuits are a promising and widely-used platform to
implement quantum information processing hardware. However, scal-
ing up to more sophisticated devices requires major engineering efforts
due to the complexity of the mandatory coupling, readout and control
circuitry. To investigate innovative coupling and scaling strategies, we
developed a modular flip-chip architecture, in which the various cir-
cuit elements reside on dedicated chips that are capacitively coupled.
A unit cell of our architecture consists of a qubit chip that is flipped
above a control chip. The qubit chip contains a single generalized flux
qubit (GFQ) and a harmonic readout mode, through which dispersive
readout is possible. The control chip is used to excite, read out and
flux bias the qubit. We tested our architecture by characterizing the
GFQs in all conventional flux qubit regimes by modifying the qubit
loop inductance as well as the shunt capacitance and the Josephson
energy of the alpha junction. This resulted in qubit frequencies be-
tween 150 MHz and 7.5 GHz, and dispersive shifts of 60 kHz to 6
MHz. Coupling between unit cells may be achieved through coupler
chips, so that our unit cell can be used as a basic building block of a
scalable qubit array.

TT 49.5 Thu 12:30 HSZ 304
Improving Fabrication Methods for Highly Coherent Super-
conducting Qubits — eNikLAas BrRuckmoser!23, Leon Kocul2:3,
Davip Bunca!2:3, Tammo Sievers!:2:3, KEpar E. Honasocel2:3,
Tuaomas LuscuMannb?3, and Steran FiLippl:2:3 — 1Walther-
Meifiner-Institut, Bayerische Akademie der Wissenschaften, Garching,
Germany — 2Technical University of Munich, TUM School of Natural
Sciences, Physics Department, Garching, Germany — °Munich Center
for Quantum Science and Technology (MCQST), Munich, Germany

Superconducting qubits and resonators with long coherence times pave
the way towards useful quantum processors. Significant improvements
in coherence time have already been made over the last years. However,
the fidelity is still limited by decoherence due to noise and losses arising
in the local environment of the qubit. It is thus an integral endeavor of
fabrication efforts to mitigate these effects. Here, we demonstrate that
qubit lifetimes well beyond 0.1 ms can be achieved by a combination
of substrate cleaning, etching optimization and post-process sample
cleaning. By improving on these processes we reach quality factors
above 4 x 108 for thin-film niobium coplanar waveguide resonators in
the single photon regime and qubit lifetimes of more than 0.2ms for
niobium based transmons.

TT 49.6 Thu 12:45 HSZ 304
Dynamics of superconducting qubit coherence times due to
fluctuations of two-level systems — eIvan TsiTsiLinb2 and STE-
FAN FiLippl»2 — 1Technical University of Munich, TUM School of
Natural Sciences, Physics Department, 85748 Garching, Germany —
2Walther-MeiRner-Institut, Bayerische Akademie der Wissenschaften,
85748 Garching, Germany

Recent studies have shown that the stability of coherence times is
strongly affected by two-level systems (TLSs). This is caused by
chaotic frequency fluctuations of TLSs, which, when in proximity to
the qubit resonance, significantly reduce its T1 times. Understanding
and mitigating this behavior is crucial to realize functional quantum
processing devices based on superconducting qubits. In this work, we
perform a long-time stability analysis of the qubit T; times as a func-
tion of qubit frequency utilizing the AC-Stark shifting technique[l].
We present an extensive analysis of the TLS distributions and their
impact on T times for different qubit sample materials and RF line
configurations. Furthermore, our results provide insight into the effect
of the noise spectrum on the behavior and density of TLSs.

[1] Carroll et al., arXiv:2105.15201



