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Thermal clouds - Classical fields essential
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T=0 Bogoliubov Classical fields, ZNG T=TC
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GPE perturbative non-perturbative
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Thermalised ensemble at long time
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Age-old problem: cutoff dependence

Studied by many:

Witkowska, Gajda, Rzazewski, PRA 79, 033631 (2009)
Karpiuk, Brewczyk, Gajda, Rzgzewski, PRA 81, 013629 (2010)
Zawitkowski, Brewczyk, Gajda, Rzgzewski, PRA 70, 033614 (2004)
Bradley, Blakie, Gardiner, J Phys B 38, 4259 (2005)
Cockburn, Proukakis, PRA 86, 033610 (2010)

and the list goes on ...
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Pietraszewicz, PD, PRA 92, 063620 (2015)
Pietraszewicz, PD, PRA 97, 053607 (2018)
Pietraszewicz, PD, PRA 98, 023622 (2018)
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Litmus test for thermal cloud: m=0 collective mode

Ancient evil experiment: Jin, Matthews, Ensher, Wieman, Cornell, PRL 78, 764 (1997)

¢ adapted from: Jin et al, PRL 78, 764 (1997)
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The above figures from:
Jackson, Zaremba, PRL 88, 180402 (2002)
Bezett, Blakie, PRA 79, 023602 (2009)
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Results of m=0 mode tests in the past

Targeted approaches

ZNG
Jackson, Zaremba, PRL 88, 180402 (2002)
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Classical fields + HF
Bezett, Blakie, PRA 79, 023602 (2009)
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Classical fields (higher cutoff)
Karpiuk, Brewczyk, Gajda, Rzgzewski, PRA 81, 013629 (2010)
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Stochastic Gross-Pitaevskii equation (SGPE)
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Loss rate to “incoherent” tails
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BUT, still UV divergent

Incoherent growth from tails

Invokes a “classical field”
linearisation of occupation in tails
(correct when N (w) > 1)
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Idea: do the distribution in the tails properly, already

Use proper quantum occupations

real space occupations

@ constraint from
g . auxiliary modes
0 — F

Obtain regularised SGPE
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Evolution well controlled

UV divergence is gone
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Results: m=0 mode frequency
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Cutoff dependence
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Outlook

. Quantitative results with classical fields
Robust because no fitting of technical parameters

. Numerical effort comparable to SGPE 1.03

though, lattice may need to be larger 12| BUNChING SGPE |

1.01

. Still lacks wave-particle duality
but this is harder to spot than expected

0.98 .
. NEXT: Wigner representation version Wigner SGPE
. . *71" Antibunching ]
to include quantum fluctuations . .
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