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QI 27.1 Thu 15:00 HFT-FT 101
Digital Simulations of Fermion-Boson Models on a
Quantum Computer — eRiccarpo Romal2, Tim Bobg!,
ALEssaNDRO Ciani!, DMITRY Bacrers!3, and FRANK WILHELM-
Maucub2 — MHnstitute for Quantum Computing Analytics (PGI-12),
Forschungszentrum Jiilich, 52425 Jiilich, Germany — 2Theoretical
Physics, Saarland University, 66123 Saarbriicken, Germany —
3Institute for Theoretical Physics, University of Cologne, 50937
Cologne, Germany

Performing simulations of many-body correlated systems formed both
by fermions and bosons on quantum computers is a demanding chal-
lenge. Current techniques based on digital approaches to encode all
degrees of freedom into qubits and to simulate, for instance, the time
evolution of the system have been proven to be extremely inefficient.
We propose an alternative architecture to solve this problem which is
based on a superconducting platform with transmons coupled to ad-
ditional resonators used for the quantum information storage. This
architecture expands the native set of gates of the quantum processor
by adding an entangling gate between the transmons, which encode
the fermions, and the resonators, which store the bosons without any
need for approximations related to the truncation of the bosonic Fock
space. We illustrate the potential of our approach by presenting a num-
ber of examples for the Trotterized time evolution algorithm applied
to models from solid-state physics and quantum optics.

QI 27.2 Thu 15:15 HFT-FT 101
Mitigating crosstalk errors by randomized compiling: sim-
ulation of the BCS model on a superconducting quantum

computer — eTHIBAULT ScoqQuarT!, Huco PERrIN', KYRYLO

SNIZKHO2, ALEXANDER SHNIRMAN!, and JORG SCHMALIAN! —
IKarlsruhe Institute of Technology, Institut fiir Theorie der Konden-
sierten Materie, TKM, 76049, Karlsruhe, Germany — 2CEA Grenoble,

France

In this presentation, I give an overview of our work on 3-qubit simula-
tions of the out-of-equilibrium dynamics of the BCS model, performed
on IBMQ quantum computers. In these devices, most errors occur
during the application of the 2-qubit CNOT gates. These faulty opera-
tions may affect neighboring qubits as well, producing Crosstalk errors,
which are believed to be one of the main error source on these devices,
and remain challenging to model. As a starting point to mitigate noise,
one typically uses Randomized Compiling, a quantum circuit sampling
technique which maps unknown noise into a simpler Pauli noise chan-
nel. In our work, we have extended this technique to neighboring
qubits, and shown that Crosstalk noise can be turned into a simple
depolarising noise channel, maximizing the efficiency of existing error
mitigation schemes. We illustrate this by combining crosstalk RC with
the Noise Estimation Circuit (NEC) error mitigation scheme for our
BCS simulations. We show that using crosstalk RC indeed dramati-
cally improves the quality of our results, which can in turn be used as
an indirect measure of the impact of crosstalk on a given device.
Preprint: arXiv :2305.02345 (2023)

QI 27.3 Thu 15:30 HFT-FT 101
Robust Experimental Signatures of Phase Transitions in
the Variational Quantum Eigensolver — eKevIN LiveLy!,
T Bope2, JocHEN SzaNGoLIEs!, JIAN-XIN ZHU®, and BENEDIKT
Fausewen? — !Deutsches Zentrum fiir Luft- und Raumfahrt —
2Forschungszentrum Jiilich — 3Los Alamos National Laboratory —
4Technische Universitdt Dortmund

The Variational Quantum Eigensolver (VQE) is widely considered to
be a promising candidate for a quantum-classical algorithm which
could achieve near-term quantum advantage. However, current levels
of hardware noise can require extensive application of error mitiga-
tion techniques in order for the results of calculations to be meaning-
ful. In this work we use several IBM devices to explore a finite size
spin model with multiple ’phase-like’ regions characterized by distinct
ground state configurations. Using pre-optimized VQE solutions, we
demonstrate that in contrast to calculating the energy, where zero noise
extrapolation is required in order to obtain qualitatively accurate re-
sults, calculation of the two site spin correlation functions and fidelity
susceptibility yields accurate behavior across multiple regions. Taken
together, these two sets of observables could be used to identify level

Location: HFT-FT 101

crossing in VQE solutions in a simple and noise robust manner, with
potential near-term application to identifying avoided crossings and
non-adiabatic conical intersections in electronic structure calculations.

QI 274 Thu 15:45 HFT-FT 101
Quantum circuits to measure scalar spin chirality — eLEANDER
Reascos!:2, BRuno Murtal:3, ErnesTo Gawvio®4, and JoaqQuin
FERNANDEZ-RossIER? — Centro de Fisica das Universidades do
Minho e do Porto, Universidade do Minho, Campus de Gualtar, 4710-
057 Braga, Portugal — 2Institute of Physics, University of Augsburg,
86159 Augsburg, Germany — 3International Iberian Nanotechnology
Laboratory (INL), Av. Mestre José Veiga, 4715-330 Braga, Portugal
— “Instituto de Fisica, Universidade Federal Fluminense, Av. Gal.
Milton Tavares de Souza s/n, Niteroi, RJ, 24210-340, Brazil

The scalar spin chirality is a three-body physical observable that plays
an outstanding role both in classical magnetism, characterizing non-
coplanar spin textures, and in quantum magnetism, as an order pa-
rameter for chiral spin liquids. In quantum information, the scalar spin
chirality is a witness of genuine tripartite entanglement. Here we pro-
pose an indirect measurement scheme, based on the Hadamard test,
to estimate the scalar spin chirality for general quantum states. We
apply our method to study chirality in two types of quantum states:
generic one-magnon states of a ferromagnet, and the ground state of
a model with competing symmetric and antisymmetric exchange. We
show a single-shot determination of the scalar chirality is possible for
chirality eigenstates, via quantum phase estimation with a single aux-
iliary qutrit. Our approach provides a unified theory of chirality in
classical and quantum magnetism.

QI 27.5 Thu 16:00 HFT-FT 101
MC-PDFT embedding scheme for electronic structure Quan-
tum Algorithms — eLuca RicuETTI', PAULINE OLLITRAULTZ3,
and Ivano TaverNELLIZ — !Ecole Polytechnique Fédérale de Lau-
sanne, Lausanne, Switzerland — 2IBM Quantum, IBM Research

Zurich, Riischlikon, Switzerland — 3QC Ware, Palo Alto,CA,USA

In this work we propose a new hybrid quantum algorithm combining
the Variational Quantum Eigensolver (VQE) algorithm with a classical
embedding method. The embedding consists in employing Multicon-
figuration Pair Density Functional Theory (MC-PDFT) theory as a
post-processing method for calculating the final energy of the system.
The hybrid algorithm is motivated by the need of properly treating
electron correlation in strongly correlated systems. We also propose a
self-consistently optimized version of VQE, where molecular coefficient
are re-optimized after every iteration until convergence. By comparing
the performance of our algorithm with classical methods having simi-
lar computational costs, we observe an improvement in the accuracy of
dissociation energies and ground state energies of different molecules.
We test our embedding method with Ha, HoO and N2. Our aim is not
only to enhance the precision of VQE in predicting molecular energies,
but also to reduce the depth and the width of the quantum circuit.
Overall, this algorithm is able to achieve, in most cases, an accuracy
comparable to more computationally expensive classical methods and
to reduce quantum resources. We believe that this method can pave
the way toward the simulation of larger molecular systems with current
quantum devices.

15 min. break

QI 27.6 Thu 16:30 HFT-FT 101
Towards scalable simulations of correlated materials via hy-
brid quantum-classical algorithms — eYannic RaTH, FraNCOIS
JAMET, CoNNOR LENIHAN, LAcHLAN P. LiNDOY, ABHISHEK AGAR-
waL, and Ivan RuncGER — National Physical Laboratory, Tedding-
ton, TW11 OLW, United Kingdom

Dynamical mean-field theory (DMFT) has emerged as one of the main
workhorses for the accurate numerical simulation of materials from
first principles in regimes of strong correlation. In this talk, we discuss
novel routes towards enhancing the predictive abilities of DMFT by
integrating quantum algorithms into its pipeline in a hybrid quantum-
classical approach [arXiv:2304.06587| and point out algorithmic ad-
vancements which are necessary to bring down the overall complexity
of the method.
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We leverage the representational power of tensor networks as a clas-
sical description of the Hamiltonian’s ground state. To extract dynam-
ical properties, we employ a quantum algorithm simulating a real-time
evolution of the state [arXiv:2205.00094|, which naturally increases
the entanglement and limits the applicability of classical wavefunction
methods. We discuss optimizations of the tensor network representa-
tion, as well as improvements to its compilation into a shallow quan-
tum circuit, which tailors the approach for applications in practically
relevant scenarios and increases its potential to eventually enable sim-
ulations that are out of reach of classical techniques.

QI 27.7 Thu 16:45 HFT-FT 101
Hybrid quantum-classical algorithm for ground state and ex-
citations of the transverse-field Ising model in the thermo-
dynamic limit — eSuMEET SUMEET, Max HORMANN, and Kar
P. ScumibT — Department of Physics, Staudtstrafe 7, Friedrich-
Alexander-Universitdt Erlangen-Niirnberg (FAU), 91058 Erlangen,
Germany

We describe a hybrid quantum-classical approach to treat quantum
many-body systems in the thermodynamic limit by combining nu-
merical linked-cluster expansions (NLCE) with the variational quan-
tum eigensolver (VQE). Here, the VQE algorithm is used as a cluster
solver within the NLCE. We test our hybrid quantum-classical algo-
rithm (NLCE+VQE) for the ferromagnetic transverse-field Ising model
(TFIM) on the one-dimensional chain and the two-dimensional square
lattice [1]. The calculation of ground-state energies on each open clus-
ter demands a modified Hamiltonian variational ansatz for the VQE.
One major finding is convergence of NLCE+VQE to the conventional
NLCE result in the thermodynamic limit when at least N/2 layers are
used in the VQE ansatz for each cluster with N sites. We further
extend this approach for calculation of excited states for the TFIM.
We further extend NLCE+VQE to determine the one quasi-particle
dispersion and energy gap of the TFIM in the polarized phase. To this
end we determine we developed a new variational cost function based
on the projective cluster-additive transformation [2].

[1] Sumeet, M. Hérmann, K.P. Schmidt, arXiv:2310.07600

[2] M. Hormann and K.P. Schmidt. SciPost Phys., 15:097, 2023.

QI 27.8 Thu 17:00 HFT-FT 101
Simulation of the Dissipative Dynamics of Strongly Interact-
ing NV Centers with Tensor Networks — eJIRAWAT SAIPHET
and DANIEL BRAUN — Institut fiir Theoretische Physik, Universitat
Tiibingen, Auf der Morgenstelle 14-D, 72076 Tiibingen

NV centers in diamond are a promising platform for high-sensitivity
quantum sensing. The successful creation of nanometer-separated dou-
ble and triple NVs in a quantum register paves the way for enhancing
sensitivity through NV-NV dipolar coupling. Hence, controlling these
strongly interacting NVs becomes essential. However, simulating the
dynamics of a many-body system, even for a few bodies, is a challeng-
ing task due to exponential scaling of the dimension of Hilbert space.
To circumvent this problem, we employ the tensor network technique,
representing the many-body state in the forms of a Matrix Product

State (MPS) and a Matrix Product Density Operator (MPDO).

We address the issue of simulating the real-time evolution of a fi-
nite number of NVs with strong and long-range coupling via dipole-
dipole interaction. Initially, we benchmark tensor network algorithms
for time-evolution in terms of numerical accuracy and stability. Subse-
quently, we simulate the dynamics of the mixed state with and without
dissipation. Finally, we implement an optimization algorithm to find
optimal controls for preparing a highly entangled state.

QI 279 Thu 17:15 HFT-FT 101
Electronic structure calculations of GaAs employing a quan-
tum computer simulator — eIvana MiHALIKOVAL2, MICHAL
Duriskal'2) and MarriN Friik! — lInstitute of Physics of Materi-
als, Czech Academy of Sciences, Brno, Czech Republic — 2Department
of Condensed Matter Physics, Faculty of Science, Masaryk University,

Brno, Czech Republic

The simulation and characterization of physical systems stand out as
one of the most promising applications of quantum computers. In our
research, we focused on performing electronic structure calculations of
GaAs through the utilization of quantum computer simulators. While
the Variational Quantum Eigensolver (VQE) was used for calculating
ground state energies, we employed the Variational Quantum Deflation
(VQD) algorithm to access higher energy levels. Using a tight-binding
Hamiltonian, we examined the influence of various computational set-
tings including the choice of the optimization methods and the archi-
tecture of the quantum circuit. Our results indicate that the number
of iterations necessary for an accurate evaluation is higher for higher-
energy levels. In this context, the optimization method, Constrained
Optimization BY Linear Approximation (COBYLA), emerges as the
most advantageous choice.

QI 27.10 Thu 17:30 HFT-FT 101
Nonlinear dynamics as a ground-state solution on quantum
computers — e ALBERT PooL!2, ALEJANDRO Somozal'2, MICHAEL
Lusascu®, CoNor Mc KEerVER?, and BirRGEr HorsTMmann!:24 —
nstitute of Engineering Thermodynamics, German Aerospace Cen-
ter (DLR), Ulm, Germany — 2Helmholtz Institute Ulm, Ulm, Ger-
many — SQuantinuum, London, UK — #Department of Physics, Ulm
University, Ulm, Germany

For the solution of time-dependent nonlinear differential equations,
we present variational quantum algorithms (VQAs) that encode both
space and time in qubit registers. The spacetime encoding enables us
to obtain the entire time evolution from a single ground-state compu-
tation. We describe a general procedure to construct efficient quantum
circuits for the cost function evaluation required by VQAs. To miti-
gate the barren plateau problem during the optimization, we propose
an adaptive strategy. The approach is illustrated for the nonlinear
Burgers equation. We classically optimize quantum circuits to repre-
sent the desired ground-state solutions, run them on IBM Q System
One, and demonstrate that current quantum computers are capable of
accurately reproducing the exact results.



