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Fault-tolerant compiling of quantum algorithms — eDoMINIK
HANGLEITER — Simons Institute, UC Berkeley

As we are entering the era of early quantum fault-tolerance, the ques-
tion how to most efficiently make use of fault-tolerant quantum re-
sources comes into focus. This question is addressed by fault-tolerant
compiling, meaning a codesign of an error-correcting code, an algo-
rithm, and the physical hardware. I will introduce this idea using
two examples. First, I will describe the fault-tolerant compilation of a
family of IQP circuits implemented transversally using quantum Reed-
Muller codes in reconfigurable atom arrays. This yields a path towards
fault-tolerant quantum advantage. Second, I will sketch an encoding
in which coherent implementations of classical arithmetic—a crucial
but highly expensive building block of quantum algorithms—can be
achieved naturally in a reconfigurable architecture, which can give sav-
ings for certain tasks.

QI 27.2 Thu 11:30 HS VIII

Experimental measurement and a physical interpretation of
quantum shadow enumerators — eDaNIEL MiLLERD 2, KvaNo
Levi', Lukas PosTLER?, ALEX STEINER®, LENNART BITTEL!,
GREGORY A.L. Wuaite!, Yiran Tancg!, Eric J. KUrHNKE!,
AnToNiO A. MEeLE!, Sumeer Knuarri!'45 Lorenzo LEONE!,
Jose Carrascol, CHRIsTIAN D. MAaRcINIAK3, IVAN PoGORELOV3,
MiLENA GUEVARA-BERTScH?, RoBERT FREUND?, RAINER BLaTT®6
PuiLipp ScHINDLER?, THoMAs Monz®7, MARTIN RINGBAUER?, and
JENs Eiserr! — !Dahlem Center for Complex Quantum Systems,
Freie Universitét Berlin, 14195 Berlin, Germany — 2Institute for The-
oretical Nanoelectronics (PGI-2), Forschungszentrum Jiilich, 52428
Jiilich, Germany — 3Universitit Innsbruck, Institut fiir Experimental-
physik, Technikerstrasse 25, 6020 Innsbruck, Austria — 4Department
of Computer Science, Virginia Tech, Blacksburg, Virginia 24061,
USA — 5Virginia Tech Center for Quantum Information Science
and Engineering, Blacksburg, Virginia 24061, USA — SInstitut fiir
Quantenoptik und Quanteninformation, Osterreichische Akademieder
Wissenschaften, Otto-Hittmair-Platz 1, 6020 Innsbruck, Austria —

7 Alpine Quantum Technologies GmbH, 6020 Innsbruck, Austria

We show that Rains shadow enumerators are the same as triplet prob-
abilities in two-copy Bell sampling. We measure them in experiments.

QI 27.3 Thu 11:45 HS VIII
Leading Order Measurement-Free Quantum Error Cor-
rection Optimized for Rydberg Atoms — eKATHARINA
BRECHTELSBAUER!, SEBASTIAN WEBER!, FRIEDERIKE BuTT?3,
Davip F. LocHErR?3, SanTiaco HIGUERA QUINTERO!, MARKUS
MULLER?3, and HaNs PeTER BUcHLER! — lInstitute for Theoreti-
cal Physics IIT and Center for Integrated Quantum Science and Tech-
nology, University of Stuttgart, Stuttgart, Germany — 2Institute for
Quantum Information, RWTH Aachen University, Aachen, Germany
— 3Institute for Theoretical Nanoelectronics (PGI-2), Forschungszen-

trum Jiilich, Jiilich, Germany

Large scale quantum computation requires the implementation of
quantum error correction. As different platforms come along with dif-

Location: HS VIII

ferent challenges it can be helpful to design error correction protocols
and logical gate sets considering the features of the specific platform.
For example, in the case of neutral atom platforms where measure-
ments are slow, measurement-free error correction schemes offer a great
alternative to feed-forward correction. Furthermore, for neutral atom
platforms two- and multiqubit gates are expected to be the dominating
source of noise and careful design of the gates allows to further reduce
the noise model to Pauli-Z errors. In this work, we show that for such
a biased noise model the measurement-free error correction protocol
of the seven-qubit Steane code can be reduced. Furthermore, we de-
velop a measurement-free universal gate set that is fault tolerant with
respect to the assumed noise model. In addition, we sketch possible
implementations on neutral atom platforms.

QI 27.4 Thu 12:00 HS VIII
Characterization of errors in a CNOT between surface code
patches — eBALINT Domokos!, Aron MARrToN!, and Jinos K.
AspoTnb2 — 1Budapest University of Technology and Economics —
2HUN-REN Wigner Research Centre for Physics

As current experiments already realize small quantum circuits on error
corrected qubits, it is important to fully understand the effect of phys-
ical errors on the logical error channels of these fault-tolerant circuits.
Here, we investigate a lattice-surgery-based CNOT operation between
two surface code patches under phenomenological error models. (i)
For two-qubit logical Pauli measurements — the elementary building
block of the CNOT — we optimize the number of stabilizer measure-
ment rounds, usually taken equal to d, the size (code distance) of each
patch. We find that the optimal number can be greater or smaller
than d, depending on the rate of physical and readout errors, and the
separation between the code patches. (ii) We fully characterize the
two-qubit logical error channel of the lattice-surgery-based CNOT. We
find a symmetry of the CNOT protocol, that results in a symmetry
of the logical error channel. We also find that correlations between X
and Z errors on the logical level are suppressed under minimum weight
decoding.

QI 27.5 Thu 12:15 HS VIII
Optimal number of stabilizer measurement rounds in an
idling surface code patch — eJanos AsBoTH! and ARON
MarToN? — 1Budapest University of Technology and Economics —
2RWTH Aachen University

Logical qubits can be protected against environmental noise by encod-
ing them into a highly entangled state of many physical qubits and
actively intervening in the dynamics with stabilizer measurements. In
this work [1], we numerically optimize the rate of these interventions:
the number of stabilizer measurement rounds for a logical qubit en-
coded in a surface code patch and idling for a given time. We model
the environmental noise on the circuit level, including gate errors, read-
out errors, amplitude and phase damping. We find, qualitatively, that
the optimal number of stabilizer measurement rounds is getting smaller
for better qubits and getting larger for better gates or larger code sizes.
We discuss the implications of our results to some of the leading ar-
chitectures, superconducting qubits, and neutral atoms.
[1] arXiv:2408.07529



