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Physics in a 1D ring trap

« Why ring geometries? ¥ o e? with vy = 14

Quantization of circulation

3 * A. Kumar, et. al., Phys. Rev. A 97, 043615 (2018) (Perrin’s group)
° AtO mtrO nics C. Ryuy, et. al., Phys. Rev. Lett. 99, 260401 (2007)

We are interested in the decay
of persistent currents

* K.C. Wright, et. al. Phys. Rev. Lett. 110, 025302 (2013)
L. Amico, et. al., New J. Phys. 19, 020201 (2017)
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Decay of persistent currents

Radius (um)

In 3D/2D the decay is
associated with vortex induced
phase slips ime @

F. Piazza, et. al., Phys. Rev. A 80, 021601(R), (2009)
S. Moulder, et. al. Phys. Rev. A 86, 013629, (2012)

Energy [a.u.]

Which is the microscopic
mechanism in 1D?

Current
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Experimental motivation

Phase imprinting method

inspired by Phys. Rev. A 97, 043615 (2018)

« How is the barrier going to
introduce phase slips?

« What is the role of finite
temperature?
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The barrier will couple different
angular momentum states

The temperature should allow for
thermally activated phase slips
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Methods

Weakly and Strongly interacting bosons
— 1D GPE simualtions at T=0
—GPE ¢ — Two-State model

Theoretical — Projected Gross-Pitaevskii equation (PGPE)
methods

— Zero temperature
— Tonks-Girardeau

— Finite temperatures

Conclusions
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Physical system and Protocol

T=o0
i) Ground state ring + barrier
ii) Phase imprinting a current

iii) Start coherent evolution

T>o0

i) PGPE sampled v or
Fermi-Dirac for TG

ii) Phase imprinting a current

iii) Start coherent evolution

Phase imprint
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GPE and PGPE

Gross-Pitaevskii equation
.. 0 h? 0?
in = (= gy + VOO + 10 )
Stochastic Projected Gross-Pitaevskii equation (SPGPE)

’.h% = Pc [(1 — i) <_ﬁ232 + P [V(x) + 9|¢c2]> (s +77]
ot 2m 0x?
Where 7 is a centered white noise

(n*(x,t)n(x’',t') = 2hRgTad(t — t')5(x — X))
+ « ensures relaxation towards an equilibrium state
« ) are the macroscopically occupied modes
« only thermal fluctuations
+ we simulate the coherent part, the incoherent is treated as bath (retated to )

(x,t = 0) = 0 — thermal state with SPGPE — Evolve with PGPE ((, o) = o)
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Tonks-Girardeau

Exact solution

* For g — oo the many-body wavefunction vanishes at V(..,x;=x;,.) =0

* Bose-Fermi mapping Vrg(Xs, .., Xn, t) = Mi<j<i<nSEN(X; — X;) det[1)r(X;, t)] with
1; being the single particle eigenstates
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Current

. . <
Current per particle In the GPE regime s ReT < Puvz, oy

B fhdx .
J(t) = _'%N/o T (VW — 0,0 V)
In the TG regime

1O =7 [ m [Zf(e,,)w;(x, k(1)

N = 2000 Aep = Yo
Hep
_mg
Parameters GPE: V= 72p 001 ReT < 2ucp
N _2
Hep = gT V(x) = Voe™ 22
N =23 — &
ATG E
=0
Parameters TG: 7 V(x) = ad(x)
rn’r
pre = EF =
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GPE: T =0

=)

* \gp < 1 — self-trapping
* A\gp > 1 — oscillations (iregutar)
* \gp > 1— oscillations (irangutar)

Current J(t)
o4

=)

o =0

0 0.05 0.1 0.15 0.2 0.25
time t

Self-trapping of current states . We construct a Josephson

. model for the current states
\ 5] L
* Y = da(t)ea(X) + d2(t)p2(x)
where 4/, are linear combinations of the first and sec-

ond excited eigenstates

1 - Valid for v < 1
PR N A gl Y4 et
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GPE: T >0

* \gp < 1 — exponential decay
* A\gp > 1 — damped oscillations
* \gp > 1 — oscillations + damping

Current J(t)

040 —-0—40—20—-0—40—=0=

« For Agp > 1, I grows monotoni-
cally

+ What is the microscopic mecha-
nism driving the decay?
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GPE: T > 0, Microscopic mechanism

A=06 T =puo A=2 T =po
3 3
2 2
=1 =1
s s
£0 £ 0
5 5
O'1 0.1
2 2
3 3
0 0.05 0.1 0.15 0.2 0.25 0 0.05 0.1 0.15 0.2 0.25
time time

Discrete jumps of the current Dephased oscillations
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GPE: T > 0, Microscopic mechanism

Current

Position

Position

0.006 0.008 0.01 0.0120.014
Time t

Phase slips associated to random soliton reflections
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Luttinger: T > 0, Intermediate interactions

Luttinger parameters
S =R
< b g

Luttinger liquid approach

« Valid for a low energy perturbation = weak quench
« Weak barrier limit -+ A <1and v > 5

Quantum particle Bath Interaction "' "
n —N—
1 EQ"2 A P2 5 AG 4\/>7Th"f\ 167l'2h2/\2
H= —J —  Ejcos (260 E + MRQ Q JP J
2 e o) 112 | 2y SR
“ . — N Bz —,—/ h/—/ ——
“Potential term” Nonlinear Kinetic term “Harmonic bath” “Coupling” | “Renormalization”

From-thesg lowengrgy theorywene bseYestwo mmatigegimes:
- Josephson regime for £, > Eq — w = \/EqE)/h
+ Rabi-like regime for Eq > E; — w = E;/h
Damping or oscilaltions?:
- AE, = Eq/K and AE, = \/EqE;
+ Josephson regime = AE, < AEp ,i.e, Damping
- Rabi regime = AE;, > AE) ,i.e, No dé’l'i‘bﬁid?v Lett. 121, OEIeer, (2018)
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Tonks-Girardeau: T = o

Results
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o -

=
T

Current J(t)

= =)

+ Rabi-like oscillations associ-
ated to coherent phase slips

« We see more and more exci-
tations involved in the dynam-
ics for larger barriers

* \g < 1 — Rabi-like oscilla-
tions

* A6 = 1 — oscillations+envelope
* A\76> 1 — dephased oscillations

For very large barriers we see
irregular oscillations with
revivals
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Tonks-Girardeau: T > 0

* \g < 1 — Rabi-like oscilla-
tions

* A6 = 1 — damped-oscillations

* A\76>> 1 — overdamped-oscillation

Current J(t)

 Exponential decay of current . "Universal” dynamics with re-
Large number of excitations spectto N
* weighted by the Fermi-Diract 5 4
. . . 3
distribution ~ 1g <— _
_ . —I(ej—¢€,
= qm| 2 3] sl
£ s °
B = o] S fen) el loen) [ s (0] o
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Tonks-Girardeau: Excitations

h o i(e—e)t/h
/= Nm'm[gZAf,ke S A rl
j

B ) oL 250 1
i = ot [ S Flen) Genlibd Woend | i (900500
.. 200 08
* For A\rg <1 — wj X wj Vi, )
« For A\;¢ > 1 — many frequen- 150 06
cies with different associated am- =
plitudes 100 04
* Phase imprinting produces a 02
highly excited state
. . . o .
Multiple particle ho.le excitations % o5 1 15 2
* Incoherent phase slips Me
€ — €k
wllyk = J



Conclusions
e0

Motivation

Summary

Conclusions

+ Josephson oscillations of the current in a 1D ring plus barrier
after phase imprinting

« Self-trapping at weak interactions and weak barriers however
at finite temperature the current decays

« For strong interactions coherent phase slips drive the dynamics
for weak barriers. At finite temperatures, multiple particle-hole
excitations induce the decay of persistent currents (incoherent
phase slips)

arXiv:1903.09229



Thank you for your attention
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