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Interacting Bose gases

Universal many-body system: 
independent of microscopic details

quantum degeneracy: n�3
T & 1

Bose-Einstein condensate
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Feshbach resonance: tune interaction 
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Bogoliubov excitations

Bose-Einstein condensate:

Gross-Pitaevskii equation

excitations:
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Bogoliubov excitations

Steinhauer et al., Phys. Rev. Lett (2002)
Cowley et al., J. Low Temp. Phys. (1986)
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Bright solitons
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Bright solitons

Strecker et al., Nature (2002)
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attractive interaction: g < 0

1D: bright soliton g ⇠ a
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Absence of Ohmic friction
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Absence of Ohmic friction
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Bogoliubov excitations:  

1) scattering solutions
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Bogoliubov excitations:  

1) scattering solutions

Zero modes and collective coordinates

2) zero modes
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Collective coordinate quantization
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2
+ ⇡qpẊ +
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effective Lagrangian: interaction between moving 
soliton and quasiparticles
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Effective soliton action
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Effective soliton action

System Bath

Soliton Thermal gas of 
quasiparticles

coupling

Me↵Ẍ(t) +

Z t

0
dt0⌘(t� t0)Ẋ(t0) = �@XU + fs(t)

Non-Markovian friction

Meaning? Markovian approximation:
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...
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tX = fs(t)/Me↵

Abraham-
Lorentz forcenew type of friction

⌘(t) = ��(t) + ⌧AL�
00(t) + . . .

no Ohmic term!

electrodynamics: radiation field backreaction of accelerated charge

here: scattering of quasiparticles

stoch. force



Soliton motion in a trap
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Ẍ + !2
t ⌧ALẊ + !2
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t ⌧ALẊ + !2

tX = fs(t)/M



Outline

1. Introduction: Excitations in Bose-Einstein condensates 

2. Absence of classical soliton friction 

3. Quantum friction of bright solitons 

4. Conclusion



Summary

• The motion of solitons is damped due to a retarded interaction with thermal 
quasiparticles: Non-Markovian quantum friction. 

• The damping resembles the Abraham-Lorentz force of a charged particle. 

• The damping for motion in a trap has a distinct signature that distinguishes it 
from damping due to an explicit breaking of integrability.
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