Applying semiconductor-laser modeling tricks to atomtronic circuits

Weng W. Chow, Sandia National Laboratories Dana Z. Anderson and Cameron Straatsma, University of Colorado

Motivation: Engineering design tool is needed to transition Bose-Einstein
Condensation (BEC) from laboratory to devices
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* Finite temperature Bose-condensed gases with 0.12

Albiez, et al, PRL 95, 010402 (2005) atom injection, extraction and relaxation

* Question example: Will system settle into single
condensate or two different ones? Answer: Both.

Typically studied as closed system
(Fixed total population)

Atomtronics model setup
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System Hamiltonian: H = 2 Pi | V(r)| + zV(r,-,r])
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Results directly from simulations

Evolution of atomic populations

Atomic population spatial
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Steady-state atomic distributions
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Extraction of quantities of engineering interests
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Understanding Iin terms of phase locking

i<j —
- Single-particle  |nteratomic 40 0% 1 Tm]{(e) (s) os 10
- P A interaction
4 =
Basis 2m A(r) P (1) = &5 P (1) i
2 _ _
m FV (1) ¢£(T) — gﬁ qbﬁ(r) \:/ 20 Assume: (alb,)= [n{n? exp(-i¢)
: 7 A B 10 + Beatnote Detuning, A
2nd-quantize: Y) = 2 a; p; (z) + 2 b; ¢; (2) ;q? 1
i J B B A A
_ o W _1l5 oS (olnt, -
Two-site Bose Hubbard Hamiltonian oi0 dt  n| M kiO(alknl-l_k T1M k)
Z (um) B a
H = Ze a a; + Ze? b;rbi + Z (gi]- a;rb + 911 bJr ) <— Hopping : 911 (n1 — n1) cos
¥ y=y1=4s_1 h A B
f ot bt AB .+ pt Rk
+ z (v;jlll?{ al k ]_I_ka al + vl]k bl kb]+kb b + Zvl]k al kb]+kb ai + h. a.) v v
i,j,k+0 . ] Locking, b
. p
Matrix elements  9ij =de¢§1(Z) ﬁ+V(Z) ¢/ (2)

l]k fdz jdqul (2 )qb +k(z) V(z, z)qb[.;(z)qbf‘(z’)
Equations of motion
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Why tunneling/phase-locking analogy?
Interesting dynamics

. Bose-Einstein distribution
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Details: Chow, Straatsma and Anderson, Phys. Rev. A 00, 003600 (2015)
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Greater sensitivity
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