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Invited Talk QI 11.1 Wed 9:30 BEY/0245
Nb-trilayer Josephson junction based parametric amplifiers
for microwave frequency signals — eLukas GRUNHAUPT —
Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Parametric amplifiers have become a widely-used tool in cryogenic se-
tups processing faint microwave signals. Such signals, with powers as
low as femtowatts, are used, e.g., to read out solid state qubits or are
hypothesized as signatures of dark matter. A large variety of super-
conducting parametric amplifiers exists, which can be broadly divided
into two groups: devices based on resonators with typical bandwidth
on the order of a few MHz and traveling-wave parametric amplifiers
(TWPASs) providing bandwidths larger than 1 GHz. In addition to
their bandwidth, dynamic range and added noise are the main param-
eters engineered in such devices, leading to a plethora of parametric
amplifier implementations. At PTB we are exploring a range of super-
conducting parametric amplifiers harnessing the nonlinearity provided
by Nb-trilayer Josephson junctions or by the kinetic inductance of
granular aluminium thin films. In this talk I will discuss our recent
results on rf-SQUID TWPAs [1] and present our implementation of
dimer Josephson junction array amplifiers.

[1] V. Gaydamachenko & C. Kissling, L. Griinhaupt, Phys. Rev.
Appl. 23, 064053 (2025)

QI 11.2 Wed 10:00 BEY/0245
Double-pumped Bogoliubov parametric amplifier using a
superconducting Bose-Hubbard dimer — eNAJMEH ETEHADI
ABAarI', NicoLas ZapaTtal, Ioan Porl:2, and ANja METELMANND:3
— nstitute for Quantum Materials and Technology, Karlsruhe Insti-
tute of Technology, 76131 Karlsruhe, Germany — 2Physics Institute 1,
Stuttgart University, 70569, Stuttgart, Germany — SInstitut de Sci-
ences et d’Ingénierie Supramoléculaires,(ISIS, UMR7006), University
of Strasbourg and CNRS, 67000 Strasbourg, France

Quantum limited standing-wave amplifiers in superconducting circuits
are key tools for quantum-device readout, relying on Josephson junc-
tion or high kinetic inductance nonlinearities to convert pump energy
into signal gain[1,2]. However, their performance is typically limited by
operation near dynamic instability, restricting bandwidth. We discuss
a class of standing-wave parametric amplifiers known as Bogoliubov
amplifiers [3], which leverage double-pump drives to operate far from
the instability region, thereby overcoming the intrinsic gain-bandwidth
limitation. We demonstrate this concept on a Bose-Hubbard dimer
formed by two coupled Kerr resonators [4], showing that double-pump
driving enables tunable gain, bandwidth, and noise performance. This
establishes Bogoliubov amplifiers as a promising platform for scalable
qubit readout and precision quantum measurements. [1] P. Winkel, et
al., Phys. Rev. Appl. 13.2 (2020). [2] D. J. Parker, et al., Phys. Rev.
Appl. 17.3 (2022). [3] A. Metelmann, et al., arXiv:2208.00024 (2022).
[4] N. Zapata, et al., Phys. Rev. Lett. 133. 26 (2024).

QI 11.3 Wed 10:15 BEY/0245
Universal Pulses for Superconducting Qudit Ladder Gates —
Boxt L2, Francisco CARDENAS-L6PEZ!, ANDRIAN Luprascu®, and
eFELIX MoTzor"? — lForschungzentrum Jiilich, Institute of Quan-
tum Control — 2Universitit zu Koln — 3University of Waterloo, In-
stitute for Quantum Computing

In this work (PRX Quantum 6, 03035), we present a universal pulse
construction for generating rapid, high-fidelity unitary rotations be-
tween adjacent qudit levels, thereby providing a prescription for any
gate in SU(d). Control errors in these operations are effectively an-
alyzed within a four-level subspace, including two leakage levels with
approximately opposite detuning. By identifying the optimal degrees
of freedom, we derive concise analytical pulse schemes that suppress
multiple control errors and outperform existing methods. Remarkably,
our approach achieves consistent coherent error scaling across all lev-
els, approaching the quantum speed limit independently of parameter
variations between levels. Numerical validation on transmon circuits
demonstrates significant improvements in gate fidelity for various qudit
sizes aiming for 107-4 error. This method provides a scalable solution
for improving qudit control and can be broadly applied to other quan-
tum systems with ladder structures or operations involving multiple
ancillary levels.

Location: BEY /0245

QI 11.4 Wed 10:30 BEY /0245
Superconducting Gralmonium Qubit Resilient to High Mag-

netic Fields — eJaNic Beck!, SiMoN GUNzLER!, DENNIS RIEGER!,

NicorLas GossLing!, NicoLas Zaparal, MircHeLL FieLp!, Si-

MON GEISERT!, ANDREAS BacHer!', JupiTH HoHMANN!, MARTIN
SPIECKER!, WoLFaaANG WERNSDORFER!, and Toan Porl2 — 1PHI,
Karlsruhe Institute of Technology, 76131 Karlsruhe, Germany — 2PI

1, Stuttgart University, 70569 Stuttgart, Germany

Superconducting qubits can be used as information engines to probe
and manipulate microscopic degrees of freedom (DOF), whether in-
tentionally designed or naturally occurring in their environment. In
the case of magnetically susceptible DOF, the external magnetic field
used to polarize them presents a challenge for superconductors and
Josephson junctions. Here we demonstrate the operation of a granu-
lar aluminum nanojunction fluxonium qubit (Gralmonium), resilient
to in-plane magnetic fields beyond one Tesla. By employing a gradio-
metric fluxonium design, we enhance the qubit’s insensitivity to global
magnetic flux fluctuations. The energy relaxation (T1 = 8 us) and
coherence (T2E = 2.5 pus) are unaffected by the magnetic field and we
observe only minor changes in the qubit spectrum, caused by percent
level gap suppression. The gradiometric gralmonium’s field resilience
highlights its potential for hybrid quantum architectures that combine
superconducting qubits with spin systems.

QI 11.5 Wed 10:45 BEY/0245
Spin Environment of a Superconducting Qubit in High Mag-
netic Fields — eSivon GUNzLER!, Janic BEck!, DEnNIs RIEGER!,

Nicoras GosLing!, NicoLas Zapatal, MrrcHELL FIELD!, SimMoN
1

GEeiserr!, ANDREAs Bacuer!, Jupitn K. Houmann!, MARTIN
SPIECKER!, WoLFcANG WERNSDORFER!, and Ioan M. Popl2 —
I Karlsruhe Institute of Technology, Karlsruhe, Germany — 2Stuttgart

University, Stuttgart, Germany

We leverage the magnetic field resilience of a granular aluminum nano-
junction fluxonium qubit (Gralmonium) with a gradiometric design
to uncover a paramagnetic spin-1/2 ensemble, which is the dominant
Gralmonium loss mechanism when the electron spin resonance matches
the qubit. We also report a suppression of fast flux noise measured in
Spin-Echo experiments in magnetic fields exceeding 0.4 Tesla, which
suggests the freezing of surface spins. In addition to these environ-
ments, by employing an active state stabilization sequence of the qubit,
we hyperpolarize long-lived two-level systems (TLS), previously spec-
ulated to also be of magnetic origin. Surprisingly, the coupling to
this TLS environment remains unaffected by magnetic fields, leaving
the question of their origin open. These results demonstrate the gra-
diometric Gralmonium’s potential for hybrid quantum architectures
combining superconducting qubits with spins.

30min. break

QI 11.6 Wed 11:30 BEY/0245
High-Coherence Superconducting Qubits on Wafer-Scale —
eJuLius FrrcL!2, NikLas Bruckmoserb?, Leon M. Kocub2:3,
Davip Buncu!'?, LEa RicHARD!:2, CHRISTIAN GNANDT!:2, IvaN
TsrrsiLin®»2:3 ANIRBAN BuaTTACHARIEE!2, HATYANG HU''2, VERA
P. Babperb2, Lasse SODERGREN!2, and STeEraN FiLippl:2
ITechnical University of Munich, TUM School of Natural Sci-
ences, Physics Department, Garching, Germany — 2Walther-Meifiner-
Institut, Bayerische Akademie der Wissenschaften, Garching, Germany

— 3Peak Quantum GmbH, Garching, Germany

Scaling superconducting quantum processors requires fabrication pro-
cesses that maintain high qubit coherence across increasingly complex
multi-qubit chips. While substantial progress has been achieved for iso-
lated, single-qubit devices, preserving these coherence levels in multi-
qubit architectures remains challenging due to added fabrication steps
and potential loss mechanisms. In particular, as system performance is
frequently limited by the least coherent qubit, understanding coherence
variations across a wafer is crucial. Therefore, we present coherence
measurements from twelve transmon qubits across two chips fabricated
on a 100 mm wafer. The qubits exhibit an average relaxation time of
T; = 236 4+ 14 us, with the lowest device having a relaxation time of
111 £ 30 pus. We further examine the influence of fabrication processes
required for large-scale integration, such as air bridges and indium
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bumps, on coherence. These lead to a reduction in coherence time,
providing insight into the impact of additional processing required for
large-scale superconducting quantum processors.

QI 11.7 Wed 11:45 BEY/0245
A charge-basis tomographic protocol for superconducting
qubits — eELENA Lupol, DaNIEL LoNg2, DaNiEL Danan?®, Kon-
STANTIN YAVILBERGS, MaLcoLM R. CoNNoLLy?, EyTaAN GROSFELD?,
and ErRAN Ginossar? — Forschungszentrum Jiilich, 52428 Jiilich,
Germany — 2Imperial College London, SW7 2AZ London, UK —
3Ben-Gurion University of the Negev, 84105 Beer-Sheva, Israel —
4University of Surrey, GU2 7XH Guildford, UK

The use of accurate models and parameters in superconducting cir-
cuits is essential for the understanding and control of quantum states.
While conventional spectroscopic techniques allow the extraction of
excited-state populations, transition frequencies, and decay rates, in-
formation about quantum coherence can only be obtained through
phase-sensitive methods such as quantum state tomography, which is
usually performed in the system’s energy basis. Here we introduce
a complementary tomographic protocol for the reconstruction of the
ground state of a superconducting circuit with a generic Josephson
junction potential [1]. The state reconstruction is done in the basis
of its relative charge across the junction - a representation that can
provide new insights into the quantum circuit and can assist in vali-
dating its Hamiltonian model. The method combines the flux-tuning
of a split Josephson junction and adiabatic evolution to achieve the de-
sired density matrix reconstruction of the circuit’s ground state. Fur-
ther possible applications of this method include the study of hybrid
superconductor-semiconductor junctions [2]. [1] Lupo et al, arXiv:
2502.07748; [2] Dahan et al, arXiv: 2502.07684.

QI 11.8 Wed 12:00 BEY/0245
Magnetic-Field and Temperature Limits of a Kinetic-
Inductance Traveling-Wave Parametric Amplifier — Lucas
M. JanssEn!, Farzap Faramarzi?, Henry G. LeEDuc?, SauIL
Parer?2, GianLuiar CareLant®®, Perer K. Dav?, Yoicur ANpol,
and eDickkL CHRisTIAN! — Physics Institute II, University of
Cologne, Germany — 2Jet Propulsion Laboratory, Caltech, USA
— 3Department of Applied Physics and Materials Science, Cal-
tech, USA — *JARA Institute for Quantum Information (PGI-11),
Forschungszentrum Jiilich, Germany — 5Quantum Research Center,
TII, Abu Dhabi, UAE

Kinetic-inductance traveling-wave parametric amplifiers (KI-TWPAs)
offer broadband near-quantum-limited amplification with high satura-
tion power. In this work [1], we study how magnetic field and tempera-
ture affect the performance of a KI-TWPA based on a thin-NbTiN in-
verse microstrip with a Nb ground plane. This KI-TWPA can provide
substantial signal-to-noise ratio improvement (ASNR) up to in-plane
magnetic fields of 0.35 T and out-of-plane fields of 50 mT, consider-
ably higher than what has been demonstrated with TWPAs based on
Josephson junctions [2]. We also find that the gain does not degrade
when the temperature is raised to 3 K (limited by the Nb ground plane)
while ASNR decreases with temperature consistently with expectation.
The operability of KI-TWPAs in high magnetic fields opens the door
to a wide range of applications in spin qubits, spin ensembles, topo-
logical qubits, low-power NMR, and the search for axion dark matter.

[1] Janssen et al., PR Appl. 2024 [2] Janssen et al., arXiv:2509.15043

QI 11.9 Wed 12:15 BEY/0245
Toward Chemically Resilient Superconducting Qubit Fab-
rication — eNikLas BruckMoserM?2, Leon M. Kocrb2:3,
TaoMAS BRENNINGERZ, Ivan TsrrsiLin':?3, Amanpa Scorges!2,
Davip Buncu!2, JurLws FeicL!2, LEa RicHARDM2, CHRISTIAN
GNaNDT!2, CHrisTIAN M.F. ScuNEIDERDZ2, VERA P. BaADERDZ,
Harvane Hu'2, Lasse SODERGREN!?, and STeraN FiLippl2 —
ITechnical University of Munich, TUM School of Natural Sci-
ences, Physics Department, Garching, Germany — 2Walther-Meifiner-

Institut, BAAW, Germany — 3Peak Quantum GmbH, Germany

As superconducting quantum processors scale up, there is an increas-
ing need for fabrication methods that combine low loss with high yield.
One promising strategy is the implementation of subtractive processes
that also withstand aggressive interface cleaning, particularly by re-
placing aluminum with chemically resilient materials. In this talk, we
demonstrate a fully subtractive process for niobium-based air bridges
that are used as interconnects as well as vacuum-gap capacitors. Rigor-
ous surface cleaning allows us to achieve mean internal quality factors
of coplanar waveguide resonators exceeding Qins = 7.9 x 10° in the
single-photon limit, with no detectable added loss from air bridges.
By integrating large vacuum-gap capacitors into transmon qubits, we
observe median lifetimes above T1 = 50 us.

Building on this platform, we share our first exploratory efforts to-
ward the implementation of chemically resilient Josephson junctions.
At this early stage, we focus on challenges and discuss pathways to
achieve a scalable, high-yield, and low-loss fabrication process.

QI 11.10 Wed 12:30 BEY/0245
TiN superconducting resonators: influence of sputter condi-
tions on Qi(T) and TLS-based loss modeling — eBENEDIKT
Scuoor!, Moritz SINGER!, HarsH Guptal, Smvon Lanc?, and
Marc Tornow!:?2 — ITUM CIT, 85748 Garching, Germany —

2EMFT, 80686 Munich, Germany

We investigate how reactive sputter conditions affect the internal qual-
ity factor as a function of temperature (Qi(T)) of TiN coplanar-
waveguide resonators. TiN films were grown on high-ohmic silicon
(100) under varied substrate temperature (RT to 500 C), pressure (2
mbar to 18 mbar) and N2/Ar gas flow ratio (0.0 to 1.0). Electri-
cal characterization yielded resistivity values in the range of 100 mi-
croOhm cm to 100 milliOhm c¢m and Tc values from 0.5 K to 5.1 K,
which together with XPS, XRD and ToF-SIMS data were correlated
with the Qi(T) data extracted from CPW resonators fabricated from
these films. We find that films sputtered at elevated substrate temper-
ature exhibit higher Qi (0.8e6) in the single-photon regime at 100 mK
and are well described by a standard additive loss model with a sin-
gle two-level-system (TLS) component. In contrast, room-temperature
sputtered films require two distinct TLS contributions to reproduce the
full Qi(T) dependence, indicating multiple dielectric defect populations
or enhanced interfacial disorder introduced during low-temperature
growth. Tc shows only a weak correlation with Qi, confirming that
superconducting transition metrics alone do not capture the relevant
microwave loss mechanisms. Our results provide quantitative guidance
for optimizing TiN resonators for superconducting-qubit applications.



