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Abstract

We propose to compute the running coupling for asymptotically free (2+1)-dimensional QED in the small and intermediate coupling regime using quantum computing techniques. To this end, we provide a Hamiltonian formulation of QED on
a 2-dimensional spatial lattice. Using a variational quantum approach we compute the energy gap and the plaquette expectation value which can be related to the running coupling [1, 2]. We discuss different methods for an efficient encoding
of the system on a quantum circuit and for the classical optimization. The overarching goal of the project is to match physical quantities such as the energy gap or the static force with Markov Chain Monte Carlo (MCMC) calculations in the
regime where both approaches can be applied. This would allow to obtain a physical scale from the MCMC simulations and to follow the running of the coupling deep into the perturbative regime using quantum computations. The techniques
and algorithms used here for asymptotically free QED as a prototype model can eventually also be used for future studies of QCD in (3+1)-dimensions on quantum computers.

Running coupling
* Compute short distance quantities from Quantum Computing results, e.g. renormalized coupling gren (1) at scale .

* Use static force at short distances (perturbative) to set the renormalization scale. 2

* Compute the expectation value of the plaquette operator ((J) —» define a boosted coupling (converges more rapidly than bare coupling): g% = gﬁ
* Use mass gap at intermediate coupling to match to MCMC simulations (will provide the physical value of the lattice spacing). O

Hamiltonian Methods

| | | | o | Variational Quantum Algorithms Ansatz and penalty term
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* We consider a periodic boundary condition system with four fermionic s * The Variational Quantum Deflation (VQD) method
sites [4]: operators (rotators and strings) to simplify the expressions. R, [7] extends VQE to compute excited states by

optimizing the cost function
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Encodings N, | |
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* With A = 1000 and different number of iterations:
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Results
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* Demonstrated that suppression terms can be used
to avoid unphysical states.

* Accurate results for Ej in broad range of couplings

Fig. A: Best results for VQD ground state energy as a

function of the coupling in the electric basis (dots) at Fig. B: Best results for spectral gap as a function of

: , , , , Fig. C: Plaquette measurements on the ground
some values of truncation level [ and exact the coupling g in the electric basis. (Notation as in Fig.

state (Fig. A) in the electric basis. (Notation as in Fig. A )

diagonalization (lines). Bottom panel: discrepancies with A) > can obtain static force. o .
* Accurate results for ener ap 1n intermediate
the exact values. ‘
F range of the coupling — » can make contact to MC
' ‘L simulatons. ()
. ; S ; S ” » Accurate results for (1)) in broad range of couplin
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