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QI 8.1 Tue 14:00 BEY/0137
Proposal of multi-mode couplers for all-to-all connectiv-
ity and long distance couplings for superconducting qubits
— eoZnuoNayl Jiancgh2, Mira SHARMAZ, SIMON GEISERT®, SOREN
Inssen®, Ioan Popr34:5 and Monammap Ansari! — !Peter Griin-
berg Institute PGI-12, Forschungszentrum Jiilich, Jilich 52425, Ger-
many — 2Institute for Quantum Information, RWTH Aachen Uni-
versity, D-52056 Aachen, Germany — 3IQMT, Karlsruhe Institute of
Technology, 76344 Eggenstein-Leopoldshafen, Germany — *PHI, Karl-
sruhe Institute of Technology, 76131 Karlsruhe, Germany — °Physics
Institute 1, Stuttgart University, 70569 Stuttgart, Germany

The low connectivity in superconducting systems has become a crucial
bottleneck for scaling up superconducting QPU and implementing er-
ror correction. Building on our previous theory of multi-mode couplers,
we propose a coupler and QPU design with superconducting qubits
that support native all-to-all connectivity and long distance couplings.
In our design, each module consists of a central multi-mode coupler
with qubits around it. The central coupler provides all-to-all coupling
within the module. Between the modules, central couplers are coupled
via a bus coupler. The central couplers and the bus coupler together
provide long-distance coupling among qubits in different modules. We
give theory analysis and numerical simulations for such a QPU design.
We believe this gives a feasible path for scaling up superconducting
qubits.

QI 8.2 Tue 14:15 BEY/0137
Accelerated CZ gates on Tunable Fluxonium architecture —
e ANEESH ANAND Kamatr! 2, DmmrTrios GEoORGIADIS!3, FRANCISCO
CARDENAsS-L6PEZ!, and FeLix Motzoih3 — 1Peter Griinberg In-
stitute, Quantum Control (PGI-8), Forschungszentrum Jiilich GmbH,
52425 Jiilich, Germany — 2Institute for Quantum Information, RWTH
Aachen University, 52056 Aachen, Germany — 3Institute for Theoret-
ical Physics, University of Cologne, 50937 Cologne, Germany

Fluxonium qubits offer superior coherence for large-scale supercon-
ducting processors, but their protected nature complicates standard
entangling schemes due to smaller matrix elements. The Fluxonium-
Transmon-Fluxonium (FTF) architecture leverages a flux-tunable
Transmon coupler to mediate interaction, enabling stronger effective
couplings for fast gates. We analyze the error budget for a flux-
controlled CZ gate in the FTF architecture by characterizing the dom-
inant leakage channels for experimentally realized systems, and devel-
oping the strategies to remove them using quantum optimal control.

QI 8.3 Tue 14:30 BEY/0137
Realising Superconducting Qubit Architectures using Scal-
able Flip-Chip Integration — eANIRBAN BHATTACHARJEED?Z,
Lea Ricuarp™?2, Jurws FricLb2, Ivan TsitsiLin!23, NIKLAS
BruckmMmoser!?2, JoHANNES ScHIRk!2, JoAo RoMEIR0':2, DaviD
Buncab?, Leon Kocu!2:3 Harvance Hul:2, Lasse SODERGRENDZ,
CHRISTIAN ScCHNEIDER'2, Max WERNINGHAUSD2, and STEFAN
FiLipph2 — Technical University of Munich, School of Natural Sci-
ences, Physics Department, Garching, Germany — 2Walther-Meifiner-
Institut, Bayerische Akademie der Wissenschaften, Garching, Germany

— 3Peak Quantum GmbH, Garching, Germany

Flip-chip integration technologies have emerged as a promising ap-
proach to scale superconducting qubits. This enables flexible signal
routing and minimizes crosstalk. Separating the qubit chip from the
control chip, consisting of microwave signal lines, allows tackling fab-
rication challenges independently. In this work, we use high quality
indium bumps for inter chip bonding and polymer spacers to achieve
precise control of inter chip spacing and alignment. We demonstrate
qubits exhibiting average relaxation times of 77 = 102 4+ 13us and
microwave resonators with quality factors of Q;n: > 10%, demonstrat-
ing that our techniques do not degrade the resonator or qubit per-
formance. We also report our ongoing work in realizing high fidelity
two-qubit gates using a tunable coupler architecture, an essential step
towards scaling up superconducting quantum processors using flip-chip
technologies.

QI 8.4 Tue 14:45 BEY/0137

Location: BEY /0137

Inherent crosstalk in superconducting circuits — eBaALAzs
GurAcst and Guipo BURKARD — University of Konstanz, Konstanz,
Germany

Crosstalk refers to unwanted qubit addressing. This is particu-
larly detrimental for scaling quantum information systems because
unintended interactions limit overall performance. For supercon-
ducting qubits, tunable couplings and frequency tunability achieved
through externally applied magnetic fluxes enable high-fidelity entan-
gling gates; however, they also introduce crosstalk through flux link-
age. In this work, we are investigating the impact of time-dependent
external-flux-aware circuit quantization on superconducting qubit cou-
plings. We find that non-trivial couplings emerge between capacitively
linked qubits when the magnetic flux threading one qubit’s loop varies
in time, in a manner analogous to Faraday’s law of induction. These
effects influence the performance of parametrically activated two-qubit
gates and enable flux noise to propagate even to fixed-frequency trans-
mons.

QI 8.5 Tue 15:00 BEY/0137
Ultrafast Single Qubit Gates through Multi-Photon Transi-
tion Removal — eYuaN Gaol'2, Asier Garicial-2) Josg Da Costa
Jesus®4, YeBIN Liu!, Yorco Happap!:2, DmiTriy Vorkov!:2,
JEFERSON GUIMARAESD2, HarsH BHARDWAJD2, MARKUS JERGER!,
Marc Neisb2, Boxi L1, Francisco CARDENAs-LOPEzZ3, FELIX
Motzor34, PaveL Busuev!, and Rami Barenps!:2 — llnstitute
for Functional Quantum System (PGI-13), Forschungszentrum Jiilich,
Jiilich, Germany — 2Department of Physics, RWTH Aachen Univer-
sity, Aachen, Germany — S3Institute for Quantum Control (PGI-8),
Forschungszentrum Jiilich, Jiilich, Germany — “Institute for Theoret-
ical Physics, University of Cologne, Cologne, Germany

Qubits typically have multilevel structures making them prone to un-
wanted transitions from fast gates. Previous works focus on suppress-
ing leakage by mitigating the first to second excited state transition,
overlooking multi-photon transitions, and achieving faster gates with
further reductions in leakage has remained elusive. Here, we demon-
strate single qubit gates with a total leakage error consistently below
2.0x10~%, and obtain fidelities above 99.98% for pulse durations down
to 6.8 ns for both X and X/2 gates. This is achieved by removing di-
rect transitions beyond nearest-neighbor levels using a double recursive
implementation of the Derivative Removal by Adiabatic Gate (DRAG)
method, which we name the R2D method. We also introduce an ap-
proach for amplifying leakage error that can precisely quantify leakage
rates below 10~%. The presented approaches can be readily applied to
other qubit types as well.

QI 8.6 Tue 15:15 BEY/0137
Analytical blueprint for 99.999% single-qubit gate fideli-
ties via multi-photon error suppression on present hard-
ware — oJosg Dioco Da Costa Jesus!:2, Boxr Lit2, FRANCISCO
CARDENAsS-L6PEZ!, and FELix Motzor'*2 — !Forschungszentrum
Jiilich — 2University of Cologne
To attain high-fidelity single-qubit gates on a quantum processor, pre-
cise control of the quantum system is required. Nevertheless, such
operations suffer from a plethora of errors arising from residual cou-
plings to higher levels, resulting in leakage and phase errors that limit
gate accuracy and make this task significantly challenging. Here, we
demonstrate that single-qubit gate errors on the order of 10~ (-5) can
be achieved by introducing simple control methods based on multi-
derivative pulse shaping, termed R1D and R2D, which correct the
leading sources of error and enable gate infidelities below 10~ (-5) for
a Tns pi-rotation in a superconducting ladder system. Moreover, we
show that for a gate duration below ten nanoseconds, modeling the
ladder as a three-level system does not provide an adequate descrip-
tion, because multi-photon transitions involving the third excited state
become a major source of error. Based on this formalism, we also ob-
tain analytical expressions for the drive amplitude and drive detun-
ing allowing further error suppression and simplifying the calibration
process. These results demonstrate that analytical pulse-shaping tech-
niques can substantially improve single-qubit gate performance.



