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Aim: A c-field description that includes quantum fluctuations in the stationary state and evolution
To be used for: (*) Generating a thermal ensemble of single realizations

(**) Calculating the quantum dynamics including nonlinear defects and other single-shot phenomena
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Concept The SGPE model Existing methods Hap = =5 =V 4+ glv(x)" + V(x)
* Re-derive the SGPE (PSGPE) equations from a = The baseline: GPE 0y (x) _ D) _ .
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- Self-thermalizes at long times to a canonical ensemble, T set by cutoff
low energy c-field region _

coupled modes - SGPE (Stochastic GP Equation)

ensemble of fields ) (x) B @ﬂ)(x)
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Stable - GCE ataset T;, No quantum fluctuations, assumes macroscopic occupation

BUT this time:
without explicitly assuming high occupations

Begin like Gardiner+Davis, J. Phys. B 36, 4732 (2003) .
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Fy(T, 1) Truncated Wigner Quantum fluctuations at short time due to initial noise

mean mode occupation 7 (%)

* High energy tail is a constraint, not a bath = E
° P — these are later converted to heat by the GPE.
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e Still assume linearized Gibbs factors in tail: Pc I —"Pc Y = Fo4y — BHWigﬂ)W (X) — Unclear crossover into a stationary state with no
quantum fluctuations, and interpretation problems for 1)y
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. \ * m
* End up with an ensemble of c-fields: Projector: /' (x, v) = Z Y;(x)Y;(y) = o(x—y) h 9P(x) = —¢(1 —iv)L hg (1 — 2i t 2vhkgT t
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vV Unstable numerically — equilibrium not achieveable;  Full quantum mechanics while it lasts
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Wigner energy functional with explicit dependence on particle number (not just gn): Hy;, = —Q—VZ + g [\ww(x)\z — Po(x, x)] + V(%) Extra thermal noise at high energy
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o (x) e . R hik] s __Regularizing the diffusion:
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Observeables:  Symmetrically ordered moments (Weyl symbols) (U1 (x)¥(y)) = (Vw (X)*Uw (V) )ens — EPC(y,x) 5 (;
.a".’d‘- forbidden region
1k ,.-"’co‘@ R\ (negative diffusion) .
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Appearance of antibunching Single shot dynamics Interaction strength y = g/n
preliminary data | | Relative temperature © = k,T/4nT
1.03 ' i ] ' | Strong soliton regime SGPE has:
. bunchi
Scaling: 1.02 | Hnening SGPE, wT — 0 . t Ay =1.0, u =224 T=5000=56Ts g=0.01
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TEST CASE: Trapped 1D Bose gas S
u=224,T=139=0.16T4, g=0.01 | tﬂ tuati _
— centrally y=4.5x10° 7 = 5.5x10-3, t Ny = 0.026 [cold quasicondensate] arge ‘_/acuum_ uc u? lons,
Then, we change g, and 7~1/g, to keep SGPE, x and 7 Aly constant. but solitons still survive

Loca I - m od e a n a Iys i S (LOCatiOnS in harmonic trap, Stationary state) C utoff d e pe n d e n ce blue, sgpe: red, raw: circle, corrected: squares, lines: Yang-Yang exact
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remains at high energy

_ 2 due to linearised reservoir coupling
Hioh densi . B N = Az|yw| . .
igh density region x = 0 MW’ z? Low density region x = 5a, WSGPE
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_exact quantum value
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tail section (large N)

P(w) ox ~ exp[~2N]
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~ ——  Equipartition (— cutoff issues
(a'a) ~ —=  Equip ( )

Sensible values,
density increase from antibunching
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