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A quantum perceptron gate and a classical Toffoli gate

with microwave-driven trapped ions — eParrick H. HuBER!,

ATRICK BARTHEL UGAT E UAN E GArcia-RipoLL
PaTrICK B 1. Soucaro Bosg?, J Jost Garcia-RipoLL?,

Jouann HaBer!, Yasser OMAR?, SAGarR Prarapsi?, ERIK

TorronTEGUI?, and CHRISTOF WUNDERLICH! — University of
Siegen, Germany — 2Universidade de Lisboa, Portugal — 2University
College London, UK — “Instituto de Fisica Fundamental IFF-CSIC,

Madrid, Spain

Direct implementation of multi-qubit gates with three or more qubits
circumvents decomposition into two-qubit operations, effectively re-
ducing the required depth of quantum circuits. Using the inherent all-
to-all coupling in a trapped ion quantum computer, we experimentally
realize classical Toffoli and perceptron gates with three microwave-
driven hyperfine qubits using 17'Yb™T ions. The classical Toffoli gate
is used to efficiently implement a half-adder. The perceptron gate,
when nested with other perceptrons, can be used as universal approx-
imator. Both, the perceptron and Toffoli gates are implemented by
a continuous microwave driving field, while the qubits’ coherence is
protected by pulsed dynamical decoupling. We report the implemen-
tation of a two-layer neural network using successive perceptron gates.
Here the 171YbT ions are stored in a linear Paul trap exposed to a
permanent magnetic field gradient.

Q 60.2 Frill:15 Aula

Fast, high-fidelity gates on trapped-ion qubits at Oxford
Ionics — eCLEMENS LoscuNaukR!, Amy Hucnes!, RAGHAVEN-

DRA SRINIvas!, Jacoro Mosca Toal, Marws WEBER!, Ma-

ciEJ MaLinowski', RorLanp Mart!, Steven Kincg!, CLEMENS
MarTHIESEN!, THOMAS HARTY!, and Curis BarLrLance!2 — 1Oxford
Tonics, Oxford, UK — 2Department of Physics, University of Oxford,

Oxford, UK

Electronic control of trapped-ion qubits using oscillating magnetic field
gradients has delivered some of the highest-fidelity quantum gates ever
reported [1, 2]. However, two-qubit entangling operations using this
method are typically slower than laser-based gates, limiting overall
computing speeds. We demonstrate high-fidelity two-qubit entangling
gates with a duration of 100 us using a chip trap with integrated
microwave antenna, thereby reaching the typical speed of laser-based
gates in a highly scalable architecture.

[1] T. P. Harty et al., Phys. Rev. Lett. 117, 140501 (2016)

[2] R. Srinivas et al., Nature 597, pp 209-213 (2021)

Q 60.3 Fri11:30 Aula
Register-based trapped-ion quantum processor on a linear
paul trap — eRoprico MuNoz!', FLORIAN UNGERECHTS!, JAN-
INA Birce!, AxeL HorrMann'2 TEREsA MEINERs!, BRIGITTE
KauNE!, and CHRISTIAN OsPELKAUs!*3 — Institut fiir Quantenoptik,
Leibniz Universitdt Hannover, Welfengarten 1, 30167 Hannover, Ger-
many — 2Institut fiir Hochfrequenztechnik und Funksysteme, Leib-
niz Universitdt Hannover, Appelstrafe 9a, 30167 Hannover, Germany
— 3Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116
Braunschweig, Germany

A promising approach for a trapped-ion based quantum computer is
the quantum-charge-coupled-device architecture, as it enables scala-
bility by use of micro-fabrication methods. While using a junction
naturally allows all-to-all connectivity of the qubit-array, it is more
time efficient to resort to swapping operations for a certain fraction of
qubit-shuffles. We present a trap design based on a linear Paul trap
that is capable of driving near-field gradient two-qubit gates as well
as swapping, merging and splitting two-ion crystals. It also features
storage registers using the bucket brigade approach. We will show sim-
ulation results that allow extraction of ions from the storage registers
as well as merging and swapping.

Q 60.4 Frill:45 Aula
Chip based integrated photonics - one key element for up-
scaling the performance of ion-based quantum computer —
oSTEFFEN SAUERDZ3, ANasTasiia SoROKINALZ, CARL GRIMPES,
Guocnun Du3, ELENA JOoRDAN®, FATEMEH SALAHSHOORI®, TANJA
MEHLSTAUBLER®'%5 | and STEFANIE KrROKERY'2:3 — lInstitut fiir Hal-

bleitertechnik, Technische Universitdt Braunschweig, Braunschweig,

Location: Aula

Germany — 2Laboratory for Emerging Nanometrology, Braunschweig,
Germany — 3Physikalisch- Technische Bundesanstalt, Braunschweig,
Germany — “Institut fiir Quantenoptik, Leibniz Universitit Hannover,
Hannover, Germany — 5Laboratorium fiir Nano- und Quantenengi-
neering, Hannover, Germany

The use of compact, robust, and highly scalable quantum experiments
will become an increasingly important factor in the coming decades.
Chip-integrated photonics offers the perfect solution for a wide range
of applications in quantum technology. By miniaturizing and integrat-
ing photonic components into a chip, advantages such as improved
control and manipulation of light (beam waists of a few pm) to atoms
are made possible. Combined with surface traps for ions, photonic
layers in the trap realize the scalability of ion-based quantum comput-
ers. Within the joint project ATIQ, we develop integrated photonics
for an ion-based quantum computer with the goal to realize 40 qubits
(ions). We present simulations and measurements of our integrated
optical components, such as waveguides or outcouplers, chip designs,
and characterization setups for linear and circular light across the UV
to IR wavelength range.

Q 60.5 Fri 12:00 Aula
Trapped-ion electric field gates — eRima X. SCHUSSLER, MAT-
TEO MAzzANTI, CLARA RoBALO PEREIRA, NELLA DIEPEVEEN, Louls
GALLAGHER, ZEGER ACKERMAN, ARGHAVAN SAFAVI-NAINI, and RENE
GERRITSMA — University of Amsterdam, Amsterdam, The Nether-
lands

Trapped ions are an optimal platform for quantum computation. We
plan to combine ions with optical microtraps and oscillating electric
fields for a new type of two-qubit geometric phase gate, shown theo-
retically in [1]. This gate has the advantage that it does not require
ground state cooling of the ions. Additionally, the ions involved in the
gate can be freely chosen by aligning the tweezers on them. As the
electric field couples to all ions equally, the gate works even in very
long ion chains.

In our experiment, we use an equidistant ion chain of 171Yb™ ions
in a segmented 3D Paul trap. The tweezer shape are produced by
a spatial light modulator, while single ion addressing is done by an
acousto optical deflector.

The current experimental status as well as steps taken to align the
tweezers on the ions will be presented.

[1] Mazzanti, M., Schiissler, R.X., Espinoza, J.A., Wu, Z., Gerritsma,
R. and Safavi-Naini, A., 2021. Trapped Ion Quantum Computing Us-
ing Optical Tweezers and Electric Fields. Physical Review Letters,
127(26), 260502

Q 60.6 Fri12:15 Aula
Fast, robust and laser-free universal entangling gates for
trapped-ion quantum computing — eMARKUS NUNNERICH!,
PaTricKk BarTHEL!, PaTrick HuUBER!, DoORNA NIROOMAND!,
CurisToF WUNDERLICH!, DANIEL CoHENZ, and ALEX RETZKER? —
IDepartment of Physics, School of Science and Technology, Univer-
sity of Siegen, 57068 Siegen, Germany — 2Racah Institute of Physics,
Hebrew University of Jerusalem, 91904 Jerusalem, Israel

Entangling gates are an essential building block of any quantum pro-
cessor, ideally working at high speeds in a in a robust and scalable
manner. We introduce and experimentally realize a novel Mglmer-
Sgrensen-type entangling gate. We implement double-dressing of qubit
states [1], thus protecting their coherence and simultaneously inducing
the gate interaction. Only a single modulated RF driving field per ion
is used. The gate is implemented with trapped 171Yb+-ions in a static
magnetic gradient of 19 T/m. We generate symmetric and antisym-
metric Bell states in 300 us with fidelities better than 97 %. This is an
order-of-magnitude improvement in gate time compared to previous
entangling gates using the same small magnetic gradient. [2, 3|. In
higher magnetic field gradients, already available, this entangling gate
speed can be further improved.

[1] D. Farfurnik et al, Phys. Rev. A, 96, 013850 (2017) [2] Ch. Piltz
et al, Sci. Adv.2, e1600093 (2016) [3] P. Barthel et al, New J. Phys.,
25, 063023 (2023)

Q 60.7 Fri12:30 Aula

Towards an entangling gate between bosonic qubits in
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trapped ions — eSTEPHAN WELTE, MORITZ FONTBOTE-SCHMIDT,
MARrTIN WAGENER, EDGAR BruUckE, PauL RocaLa, Ivan RoJskov,
FLORENTIN REITER, and JoNATHAN HoME — ETH Zurich, Zurich,
Switzerland

Encoding quantum information in a harmonic oscillator provides a
resource-efficient platform for quantum error correction. A promis-
ing code is Gottesman-Kitaev-Preskill (GKP) encoding [1], which was
realized both in trapped ions [2, 3] and superconducting qubits [4].
State preparation, single qubits rotations, readout, and error correc-
tion have been realized in both architectures. However, a universal
two-qubit gate has yet to be demonstrated. I will describe our work
towards an entangling gate between GKP qubits prepared in the mo-
tional modes of Calcium ions in a Paul trap. The modes are coupled
via the Coulomb repulsion approximating a beam splitter interaction.
Together with squeezing operations, this interaction can realize the
desired universal gate. In theoretical work, we investigate this gate
for experimentally realistic parameters and finite energy states [5]. In
parallel, we are developing an apparatus for an experimental imple-
mentation, including the fabrication of a novel ion trap and the imple-
mentation of individual addressing with tightly focused laser beams.
[1] D. Gottesman, A. Kitaev, and J. Preskill. PRA 64, 012310 (2001)
[2] C. Flihmann et al. Nature 566, 513(2019) [3] B. de Neeve et al.
Nat. Phys. 18, 296 (2022) [4] V. Sivak et al. Nature 616, 50 (2023) [5]
I. Rojkov et al. arXiv:2305.05262 (2023)

Q 60.8 Fri 12:45 Aula

Multi-Band Matching Network for a Microwave Surface-
Electrode in a High Fidelity Trapped-Ion Quantum Pro-

cessors — eAXEL HorrMmaNN!, FLorIAN UNGERECHTS?, RODRIGO
Munoz2, JaNINA BATce?, TERESA MEINERSZ, BRIGITTE KAUNEZ,
Dirk MANTEUFFEL!, and CHRIsTIAN OsPELKAUsS23 — lInstitut fiir

Hochfrequenztechnik und Funksysteme, Leibniz Universitdt Hannover,
Appelstr.  9A, 30167 Hannover, Germany — 2Institut fiir Quan-
tenoptik, Leibniz Universitdt Hannover, Welfengarten 1, 30167 Han-
nover, Germany — 3Physikalisch-Technische Bundesanstalt, Bunde-
sallee 100,38116 Braunschweig, Germany

Trapped-ion quantum processors with integrated microwave conduc-
tors for near-field quantum control are a promising approach for scal-
able quantum computers. To reduce error sources and allow high fi-
delity it is not only the microwave electrode integrated in the processor
chip that has to be designed carefully. The connection to the source
must as well be efficiently designed to enable error reduction. Different
approaches to match integrated and external sources to the quantum
processors microwave electrode are presented. Here, the reduction of
error sources due to inherent electromagnetic behavior and sensitiv-
ity to fabrication tolerances are the main focus. The main problem
sources and methods to overcome them are discussed. These include
electromagnetic simulations and measurement routines.



