SLOW DYNAMICS IN
LATTICE GAUGE THEORIES:
A QUANTUM SIMULATION
WITH RYDBERG ATOMS

Federica Surace

TRIESTE JUNIOR QUANTUM DAYS - 26/07/2019




WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

High degree of control and

tunability of guantum systems




WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

High degree of control and

tunability of guantum systems

e Use of quantum simulators for strongly correlated matter



WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

High degree of control and

tunability of guantum systems

e Use of quantum simulators for strongly correlated matter

e Time evolution of many-particle quantum systems



WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

e Access to real-time
dynamics: perspectives for

high energy physics




WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

e Access to real-time e Hope (long-term): overcome
dynamics: perspectives for limitations of experiments,

high energy physics classical computation?




WHY GAUGE THEORIES AND QUANTUM
SIMULATIONS?

e Access to real-time e Hope (long-term): overcome
dynamics: perspectives for limitations of experiments,
high energy physics classical computation?

- LATTICE GAUGE
THEORIES




STATIC VS DYNAMICAL GAUGE FIELDS

Static gauge fields
LI WD W W

‘-
(‘pm,nd
VY faY

—<, N N <>_ e
J( ¢n);n q)n)vlb?_n O
_(

> —0 O—
¢m.n

y‘ % T
J

Particles hopping around a plaguette acquire a phase

-4

x



STATIC VS DYNAMICAL GAUGE FIELDS

Static gauge fields
LI WD W W

—0 O O O— x
J( ¢n);n q)n)vlb?_n O
_(

> o

O
7 N

O
N

. . ot
. XN o \ =
[ @ A . ?_ ] » @? m=-1/2 (0=3)
y (a=2)
m=-5/2
J (0=1)

Particles hopping around a plaguette acquire a phase

4

-k
.

x

Mancini, M., Pagano, G., Cappellini, G, Livi, L., Rider, M., Catani, J., ... & Fallani, L., Science, 349, 1510-1513
(2015).



STATIC VS DYNAMICAL GAUGE FIELDS

Dynamical gauge fields

e additional “link” degrees of freedom

> e o™



STATIC VS DYNAMICAL GAUGE FIELDS

Dynamical gauge fields

condensed matter

e additional “link” degrees of freedom frustrated magnets

> te e guantum computing
z—1 T rz+1

toric code

high energy physics
standard model




STATIC VS DYNAMICAL GAUGE FIELDS

Dynamical gauge fields

e additional “link” degrees of freedom

z—1 xr x+1
e Problem:
@ _
o complex many-body ‘ A
Interactions <>
z Yy

o local (gauge) symmetries

ij
Uxay

condensed matter
frustrated magnets

quantum computing
toric code

high energy physics
standard model




So far, no experimental evidence
that atomic systems can simulate

gauge theories at large scale

Martinez, E. A., Muschik, C. A,
Schindler, P, Nigg, D., Erhard, A., Heyl,
M., .. & Blatt, R., Nature, 534(7608),
516-519 (2016).



So far, no experimental evidence
We show that this

that atomic systems can simulate

gauge theories at large scale has been done:
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o Rydberg: FSS model o U(l) gauge: quantum link
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) Slow dynamics

o Density oscillations o String inversion

o No string breaking

o Particle-antiparticle pairs



RYDBERG ATOM EXPERIMENT
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QUANTUM LINK FORMULATION
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EXPERIMENT: SLOW DYNAMICS
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OTHER “SLOW DYNAMICS”- NO STRING
BREAKING IN LATTICE SCHWINGER MODEL
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OTHER “SLOW DYNAMICS”- NO STRING
BREAKING IN LATTICE SCHWINGER MODEL
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