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Bose-polaron in strong coupling regime
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homogeneous Bose gas
2nd quantized

single impurity
1st quantized

interaction

• weakly interacting Bose gas

• heavy impurity  

• strong-coupling regime  
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(extended) Fröhlich model
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1. Bogoliubov theory of Bose gas w/o impurity

2. impurity: scattering & generation of phonons

Grusdt et al. New J.Phys.19, 103035 (2017)
(experiment: Catani et al. Phys.Rev.A 85, 023623 (2012))

polaron energy:

✗
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Bose-polaron in strong coupling regime
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extended Fröhlich model

impurity generates phonons phonons in deformed condensate

deformed condensate
quantum corrections
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Spin models using Rydbergs
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• Condensate deformation and modified 
phonons

• Polaron interactions and bi-polarons

• Adiabatic & quench dynamics of a 
quantum impuritiy

• Control of superfluid flow by noisy impurities
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Single Bose-polaron
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Jonas Jager, Ryan Barnett, Martin Will and Michael Fleischhauer
Phys. Rev. Res. 2, 033142 (2020)
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Bogoliubov with deformed phonons
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⇒ solved by two cut grey solitons (2 solutions)

• Mean-field: • BdG:

polaron energy:

polaron mass:

critical momentum

Hakim Phys.Rev.E 55, 2835 (1996)
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Bogoliubov with deformed phonons

• Finite-size effects:
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Polaron interaction & Bi-polaron
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Martin Will, Grigori Astrakharchik and Michael Fleischhauer
Phys. Rev. Lett. 127, 103401 (2021)
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Polaron interaction & Bi-polaron
relative impurity coordinates:

center of mass:
• Lee-Low-Pines removes  

• Born-Oppenheimer:

Mean-field for             :
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interaction potential
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correction to Born-Oppenheimer
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Bi-polaron bound states
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Formation of Bose polaron
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Martin Will and Michael Fleischhauer
in preparation
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Adiabatic switch-on of 
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linear ramp of

in time
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Dynamics after quench of  
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Dynamics after quench of  
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formation of meta-stable excited states

deceleration by soliton emission
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final impurity momentum
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existence of bound states →
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Controlling currents with noisy impurities
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Martin Will, Jamir Marino and Michael Fleischhauer
in preparation

incoherentincoherent

superfluid flowsuperfluid flow

D. A. Zezyulin, V. V. Konotop, G. Barontini and H. Ott, Phys. Rev. Lett. 109, 020405
D. Sels and E. Demler, Ann. Phys. 412, 168021 (2020) 
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Stochastic mean-field 
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Random variable:

• Stratonovich stochastic differential equation:

Stochastic increment:

Noise correlated with field: 
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Stationary impurity
• average field (superfluid amplitude) 

local loss

superfluid flow superfluid flow

Zeno regime
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Impurity in external current

• New soliton regime
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Control of superfluid flow by two impurities

Left dissipation strength 
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Summary

• Backaction of impurity to condensate: deformed condensate 
and modified Bogoliubov phonons 

Bose polaron

Bi-polaron
• BO & beyond BO: linear binding potential on short distances

Dynamics of impurity injected into BEC
• slow down also for v < c even in adiabatic regime
• slow down by (i) density wave emission (ii) soliton emission
• momentum reversal possible

Noisy impurity
• Control of superfluid and incoherent flow
• Different dynamical regimes: (i) linear response (ii) Zeno / negative 

differential conductivity (iii) soliton regime

Summer school, CRC 183, 09.-11.06.2022
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