QTS-20

Russia. Sochi. 1-7 March 2020

Adaptive design of thulium evaporative cooling experiment using Gaussian
Process
E. T. Davletov1,2∗ , V. V. Tsyganok1,2 , V. A. Khlebnikov1 ,
D. A. Pershin1,3 , D. V. Shaykin1,2 , and A.V. Akimov1,3,4
2

1
Russian Quantum Center, Moscow, Russia
Moscow Institute of Physics and Technology, Dolgoprudny, Russia
3
PN Lebedev Institute RAS, Moscow, Russia
4
Texas A&M University, Texas, USA
*E-mail: davletov@phystech.edu

A proper design of experiment is an important part of experimental research. While in many cases
integration of complex statistically powered methods is not justified, there are experiments where each
point of a design is expensive in terms of money, computational resources or time. We use an adaptive
design based on Gaussian process regression [1] for the online optimization of evaporative cooling efficiency in the setup for the production of thulium atom Bose-Einstein condensate(BEC). We show that
while traditional methods of greedy optimization are not accessible in our setup, efficient multiparameter
optimization allows achieving the desired performance.
Quantum simulations with ultracold atoms provide great opportunities for study complex quantum
many-body problems [2]. Forced evaporative cooling is one of the most important technique in production
of quantum gases [3]. Though it is robust and easily accessible in most of laser cooling experiments, an
evaporation process lack of quantitive models due to the complexity of 3-dimensional dynamics, high
uncertainties in shape of trapping potentials. The case of thulium has several additional obstacles: BEC
of thulium is not achieved yet, thulium atom as other lanthanides has complex interaction properties,
the proximity of trapping laser to atom resonance leads to highly anisotropic polarizability, small lifetime
leads to high non-adiabaticity of evaporative process.
Using the Gaussian process we build a statistical model allowing search for optimum point without
building model based on underlying complex physical processes.
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