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polarons in BEC

phase transition vs. crossover ?

Gerlach - Löwen proof does not hold here

Grusdt et al. 

Sci. Rep. 2015 
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PRA 2012
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Fröhlich polarons in 2D BEC:  extended RG

F. Grusdt, M. Fleischhauer, arXiv 1507.08248

renormalization group approach

F. Grusdt, Y. Shchadilova, A. Rubtsev, E. Demler, Sci. Rep. (2015)

F. Grusdt, arXiv 1509.08974

light impurities are needed !
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dark-state polaritons
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free Hamiltonian

atom-light interaction

dark-state polariton impurity

BEC in ground state

dark-state polariton in a BEC



dark-state polariton impurity

non-adiabatic couplingbright-excited state

coupling



dark-state polariton impurity

problem: DSP is super-sonic

2D confinement of light

2D confinement of BEC

to avoid interaction- induced

scattering
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free polariton hamiltonian

polariton dispersion

impurity mass

dark-state polariton impurity

cavity decay of elm. part



Fröhlich polarons of dark-state polaritons

Interactions with Bogoliubov phonons

Fröhlich Hamiltonian

Interaction strength



polaronic mass renormalization
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phase diagram



phase diagram

10
0

10
2

10
4

10
6

10
8

10
−1

10
0

10
1

10
2

10
3

 st rong

coupling

 interm .

coupling weak

coupling



some numbers

agg = 100.4 a0 ags = 98 a0

87Rb
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preparation of DSP polarons
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preparation of DSP polarons
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detection of DSP polarons
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summary

nature of self-trapping transition of BEC polarons is unclear

 Feynman:  sharp transition for small impurity masses

 RG:  extended intermediate coupling regime

Dark-state polaritons in 2D cavity + 2D BEC = polaron with

widely tunable parameter

Detection of momentum-resolved spectral function, polaron mass etc.  

Self-trapping transition in steady-state of open system? 

Detection of beyond-Fröhlich effects, bubble polarons
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