Time-of-flight measurements to observe
anyonic statistics

R. Onur Umucalilar

Department of Physics
Mimar Sinan Fine Arts University, Istanbul

e

in collaboration with: E. Macaluso, T. Comparin, |. Carusotto
(BEC Center, Trento)

22 January 2019, Dresden



Artificial gauge fields for neutral particles (in continuum)

Coriolis effect Berry phase approach Photonic Landau levels
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Adding interactions to reach the FQH regime

Rydberg atoms
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See, e.g., B. Paredes et al., PRL 87, 010402 (2001)

Symmetric gauge: A(r) = Bz xr/2, LLL: gint/{p < AE
P. A. Ivanov et al., PRA 98, 013847 (2018)

Exact ground state for contact interactions:
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R. B. Laughlin, PRL 50, 1395 (1983)
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Quasihole braiding and total angular momentum
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Berry phase: ¢B(R) = z'j{ (W(0)|0g|W(0))db
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ROU, I. Carusotto, Phys. Lett. A 377, 2074 (2013) (LLL case)
ROU, E. Macaluso, T. Comparin, I. Carusotto, PRL 120, 230403 (2018)

Braiding phase: ¢, (R) = @%clh(}?) B 99]13%(}?)
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Measuring angular momentum indirectly
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Time-of-flight measurement:
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ballistic expansion

self-similar expansion: ?“ TOF X t tlap

T.-L. Ho, E. J. Mueller, PRL 89, 050401 (2002)
N. Read, N. R. Cooper, PRA 68, 035601 (2003)
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Monte Carlo approach to calculate (r*)

Laughlin's plasma analogy: 1 N ,
Vonl — ro |W
e—BU — |\Il|2, 5= 2v (Wqn| N ; i [Wan)
Uis the energy of a 2D plgsma with extra f dCrdCsr . . . dCNdCX/'Kl |26—BU
repulsive charges accounting for ghs — . —Ty
R. Morf, B. I. Halperin, PRB 33, 2221 (1986) f dGidcy - .. dCNdCNe

C/)st(R) — Cbbr(R)/Q Qbst = VT

| IN =20, v=1/2] |
0.6 §N =20, v=1/3
T T
g go M
05 ——~—7 3 ——‘@@@——%————Y ——————— Bosons
) . 1/2
04F 5 T
& 3 392750 L 1/3
S o 08 5 &
< ) o 5
02+t .@ T 5
o 0 Fermions
o 3
01F %Q @g
%@ 35,9205 .
0ld . 3075 | — | e .
0 2 4 6 8 10 12 14 -10 0 10 -10 0 10



Symmetrically-positioned ghs
for a larger plateau:
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Possible imperfections:

Uncertainty in the gh positions
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(a) One gh not exactly at the center. Arbitrary
configurations require three average values:
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<L2>2qh: <L3>(,11)1’ <L3>(§1)1

(b) Deviations in gh positions due to thermal
fluctuations: include gh positions as additional
coordinates in the MC algorithm

Exchange phase is robust against
small deviations (~/3)
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Hofstadter-Hubbard Model
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D. R. Hofstadter, PRB 14, 2239 (1976)
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M. Aidelsburger et al., PRL 111, 185301 (2013) Theo: M. Hafezi et al., Nat. Phys. 7, 907 (2011
H. Miyake et al., PRL 111, 185302 (2013) Exp: M. Hafezi et al., Nat. Phot. 7, 1001 (2013)
With on-site repulsive interactions: Quasihole Hamiltonian
HFQH = Ho + U/2 Z n7 1) quh — HFQH + Vnio
Supports bosonic Laughlin states for low flux gh pinning potential

A.S. Sgrensen et al., PRL 94, 086803 (2005) Z.Liuetal., PRB 91, 045126 (2015)



Real-space probe for lattice quasiholes
ROU, PRA 98, 063629 (2018)
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For a non-Abelian generalization
see poster # 10 by Elia Macaluso



