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Gauge theories are in the core of the standard model of
high energy physics (HEP): they describe the gauge bosons,
which mediate interactions between matter particles. How-
ever, they still involve yet unexplored nonperturbative phe-
nomena, which could not be resolved using the standard
techniques of quantum field theory (QFT).

One successful avenue for the investigation of gauge the-
ories is lattice gauge theory (LGT) [[1} 2]], in which space, or
spacetime, is discretized, and many physical quantities may
be computed thus, using classical Monte-Carlo methods.
These methods, on the other hand, suffer from the compu-
tationally hard sign-problem [3]], which arises for fermions
with a finite chemical potential, hence preventing the ac-
cess to some interesting phases of quantum chromodynam-
ics, for example, or to the study of confinement of dynamic
quarks. Another problem is that due to the Euclidean space-
time used in these calculations, real time dynamics could
not be observed.

In the last years, the quantum physics community has
shown a growing interest in LGTs , as they suggest a clear
path for the application of current quantum [4H18]] and
classical [[16} [T9H26]] simulation methods to QFTs and HEP.

A quantum simulator of a gauge theory must meet some
requirements whose fulfillment in quantum simulating sys-
tems is nontrivial [[11} [18]: They must (a) involve both
bosons (gauge particles) and fermions (matter); (b) have a
relativistic causal structure; and (c) have a local gauge sym-
metry. (a) can be met with ultracold atoms in optical lat-
tices; (b) is fulfilled using LGT, which has a relativistic con-
tinuum limit; (c) is the most challenging one, as local gauge
invariance does not seem "natural” in the context of ultra-
cold atoms. However, it can be met as well, either by im-
posing gauge invariance as a constraint, hence resulting in
an emerging, low-energy symmetry, or by mapping intrinsic
symmetries of the simulating system (such as conservation
of hyperfine angular momentum in atomic collisions [[T1])
into gauge symmetry. Such quantum simulators should al-
low the observation of nonperturbative phenomena such as
quark confinement, and, unlike Monte-Carlo calculations,
they do not encounter the fermionic sign problem and al-
low for real time dynamics.

I will give an overview of our proposals for quantum sim-
ulation of LGTs [[4} 5, [8] 9} [11]], as summarized in the re-
cent review paper [[18] (collaboration with J.I. Cirac and
B. Reznik), and also present a new description of LGTs in
terms of "atomic" ingredients [[16]], which allows for the
quantum simulation of gauge invariant models with local
finite Hilbert spaces, as required for physical implementa-
tion in current simulators, and provides a connection be-
tween LGTs, as they arise in the context of HEB and topo-

logical models with discrete gauge groups, such as quantum
double models and string nets, known in condensed matter
physics (collaboration with M. Burrello).
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