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Motivation for QED (1+1)

* Theoretical Motivation

— Confinement

— Chiral symmetry breaking

— Schwinger Effect

Talk by Florian Hebenstreit
Talk by Fred Jendrzejewski

— Non-equilibrium physics

* Experimental Motivation
— Observation of Schwinger Effect

— One dimensional system
— No plaquette terms
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} Strong Field Physics

— AMO
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Aim of this Talk

Can we observe the Schwinger Effect
in an ultracold atom setup?



Outline

* Experimental Realization of QED in (1+1)

* Schwinger Effect in a cold atom setup

* Conclusion
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Ways to engineer gauge theories

» Different Strategies

— Global Symmetry to Local Symmetry
Zohar, Cirac, Reznik PRA 88.2 (2013): 023617

— Energy Penalty

Banerjee, D., et al, PRL 109.17 (2012): 175302.

— Dissipative Driving
Stannigel, PRL 112.12 (2014): 120406

— Digital Quantum Simulation

Zohar, et al. arXiv:1607.08121 (2016).
Tagliacozzo, L., et al., Nature communications 4 (2013)
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Kogut et al., PRD, vol 11, 2

Hamiltonian of QED (1+1)

Quantum Electrodynamics

Hyg = Z E? + MZ )t qpn—— [w;;Unzan — h.c]

ar,

Electric Field Mass Term Interaction Term

Gauss’s Law

G, |phys) = 0 with G,, = E, — E,,_1 — g¥} ¢,
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Zohar, Cirac, Reznik PRA 88.2 (2013): 023617

Mapping on atomic systems
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Zohar, Cirac, Reznik PRA 88.2 (2013): 023617

Starting Point of Ultracold Atom Setup

* Kinetic Energy
Hy - QMb/d?’xZwa P+ Sir /d?’xZW%
* Potential Energy

Hy = / % 37 V2 ()], (%) ba () + f xS VI ()01 () ()

* Interaction Energy H; = Hpp+ Hpr + Hpp
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1D and Lattice Structure

e One dimensional via radial confinement

— P— <—

e Staggered structure via superlattice
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Magnetic Field

* Hyperfine Splitting

mpg.2
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* Why only two lines?

13.12.2016 Valentin Kasper, Harvard University 10



Starting Point of Ultracold Atom Setup

* Kinetic Energy

* Potential Energy

Hy = / % 37 V2 ()], (%) ba () + f xS VI ()01 () ()

* Interaction Energy H; = Hpp+ Hpr + Hpp
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Interaction Terms (i)

* Local, F conserving interaction

Vi(x1,%x2) = d(x1 — x2) ZQFPF
f

* Coupling constant ; /
27Th2CLf' 1 .\ /‘ fl

9r = s
J2 ./7 e f3

M,
* Projection operator

Pf:Z|f1af2;]:aM> (f1, fos F, M|
M
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Interaction Terms (ii)

Gap~ys = (af) ngPf|’75>
* Interaction Part F

Hi= [ @' 3 %20 6l x0](x065(x)6, ()
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Interaction Terms (iii) -

e Lattice sites and overlap integral
n — (nlv na, ns, 7’L4)

I“L — (Of, /67 77 5)
Z nl « 2,5¢n4,6¢n3,7

TS Z gi:wnh 2,5107@4,5%,3,7
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Bosonic Interactions

— dg
e Staggered Structure of Bosons "
G2n,0 = boy,
mpg.2 ool
me 1 ”
— b2n—|—1

Gon+1.0 = don+1
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HY = gb,0 — b,2 Ub Z LZ ., + Ay Z(_l)nLZ’”
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Aim of this Talk

VAR
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Electric Field Mass Term Interaction Term
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Fermion Interactions

e Density-density Interactions

HIJ: — Z Ur{gf,owljl/gwl’_1/2¢n,—1/2¢n,1/2

* Gauss's law eliminates this term G, |phys) =0

2n—1 2n  2n+1
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Bose - Fermi Interaction

* Spin changing terms

se

(‘:'211—#—1 Won —

(a) (b)
 Gauss's Law eliminates elastic terms G,

1
HY = §U3fng (W] Ly b1 + hec.) .




Mass Term / Detuning

* Sum of three potential energies

A) Potential Energy due to Lattice

B) Elastic Scattering Contribution

C) Detuning due magnetic field and rf

AZ 1),



Outline

* Experimental Realization of QED in (1+1)

* Schwinger Effect in a cold atom setup

* Conclusion
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AMO and HEP connected

* |dentification of coupling constants
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Numbers

 Numbers of Bosons per Links

* Bose-Bose coupling

* Bose-Fermi coupling

* Detuning

* Effective Bose-Fermi Interaction

* Boson Tunneling
* Fermi Tunneling

E/E. > 1
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Np ~ 100
x55/h = 0.58 Hz
X5r/h = 0.05Hz

A/h ~ 10Hz

XBFNB/hR“ﬁ5HZ

JB/h ~ (.25 Hz
Jp/h% 0.25 Hz
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VK et al, arXiv:1608.03480

Schwinger Pair Production (i)

Fermions per Site: N /N
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Outline

* Experimental Realization of QED in (1+1)

* Schwinger Effect in a cold atom setup

* Conclusion



Conclusion

* Schwinger Effect feasible in cold atom system
To do:

* New Strategies to engineer gauge theories

e Simplify the proposals

 Theoretical predictions



