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Abstract

The out-of-equilibrium quantum dynamics of a bosonic Jbsep junction (BJJ) with long-range interaction is studiedeal
space by solving the time-dependent many-body Schrdirgygatsn numerically accurately using the multiconfiguaél time-
dependent Hartree method for bosons. Having the many-beaga-function at hand we can examine the impact of the range
of the interaction on the properties of the BJJ dynamics, giensity oscillations and their collapse, self trappingpldtion and
fragmentation, as well as the position variance, both atrtean-field and many-body level. Explicitly, the frequenétihe density
oscillations and the time required for their collapse, takug of fragmentation at the plateau, the maximal and thénmainvalues
of the position variance in each cycle of oscillation and ¢kerall pace of its growth are key to our study. We find conipeti
effect between the interaction and the confining trap. The poesef the tail part of the interaction basically enhancesfiective
repulsion as the range of the interaction is increasedrggaittom a short, finite range. But, as the range becomes cablea
with the trap size, the system approaches a situation wiidreeatoms feel a constant potential and the impact of theteathe
dynamics diminishes. There is an optimal range of the iotema in which - physical quantities of the junction are atiag their

extreme values.

1. Introduction same mean-field interaction parameter [20]. However, it has

] ] . “been shown that even when the Bose-Hubbard model is appar-
The recent advancements in experimental techniques for iRsntly applicable, the full many-body Sdfinger equation can

teracting Bose gas have made it possible to study the quantua?ab new features. For example, there is a symmetry in the
many-body dynamics in a highly controllable manrier [1]. Ingqgse-Hubbard Hamiltonian with respect to repulsive anmdadt
this connection, the dynamics of many-body tunneling [2] iste interactions of equal magnitude. Such symmetry inspie
one of the most fundamental problem. A Bose-Einstein congqjivalence between the time evolution of the survival prob
depsatg (BEC) of interacting dilute Bose gasin a double,wellbility and the fragmentation of a repulsive and an attracBJJ
which is generally referred to as a bosonic Josephson junGgith equal magnitude of the strength of the interaction. How

tion (BJJ) [3], provides a unique opportunity to study many-eyer, no such symmetry exists at the level of the full mangybo
body tunneling dynamics. Naturally, the dynamics of BJISygmjltonian [18]

have attracted a lot of attention both theoretically andeexp ) )
imentally [3,[4,[5 5/ 1711819, 10, 11,112,113 14] 15| 16, 17, So far, only contactinteractions between the atoms have bee

18,(19,[20 21/ 22 23, 24} Explicitly, Josephson oscilla-considered in the study of BJJs [17] 18, 20,122, 23]. Actually
tions [3,[5,/6,[ 10/ 22| 23], collapse and revival cycles [4],contact-interaction is wldely used in the theore’gcal studies of
self trapping (suppression of tunneling) [3, 45 6, 19gfr trappgd uItra—cQId atomic gases [1]. However, in many_rEcen
mentation [[20] and more recently the variances and unce,%perlments W'ltg‘g the_ultra-cold diploar atorPéCr [26,(27],
tainty product of the many-body position and momentum op- DY [2€] and ™*Er [29], it has been shown that the short-
erators|[211] have been studied. Note that while tunneliatj, s f@nge inter-particle interaction potential is not enougtee-
trapping.and Josephson oscillations have some explasaion count. for the observed. physics and an addltlo.nal Iong-range
the mean-field level, the collapse and revival and fragniiemta €M is needed to describe the overall two-body interacsea
dynamics require many-body treatments like the Bose-Hubba @S0 the reviews [30, 31]. Itis also possible, in experirsetu
model [12] or even solving the full many-body Sobinger — tune the strength of th.eldlpqlarlnteracnons includingitm by
equation([17, 25]. A universality has been predicted intagf ~ USINg a rotating polarizing field [32]. For&Cr BEC, one can
mentation dynamics in the sense that systems consistiiés of d &S0 Use the Feshbach resonance to tunesihave scattering

ferent numbers of particles fragment to the same value for th€ngth [33], and this has already been used to enhance tbe dip
lar effects in a BECI[34]. Naturally, the question arises what

role the range of the interaction plays and how tHegas our
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