
Stochastic Dynamics of a Feshbach-coupled
Atomic- Molecular Bose-Einstein Condensate

RAKA DASGUPTA AVINABA MUKHERJEE

Dept. of Physics, University of Calcutta
Kolkata 700009, INDIA

ICWIP 2023

RAKA DASGUPTA (C.U) Stochastic BEC ICWIP 2023 1 / 8



Bosonic Josephson Junctions:

    BEC-I BEC-II

Two weakly coupled macroscopic quantum states show a mechanism
similar to superconducting Josephson Junctions. The potential barrier
between the states play the role of the insulating layer.

Interaction in Bose Condensate → Nonlinear → can lead to

particle localization .
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Atomic BEC to Molecular BEC : Hamiltonian

.

H = Uaâ
†â†ââ+ Ubb̂

†b̂†b̂b̂+ Uabâ
†b̂†b̂b̂+ g(â†â†b̂+ b̂†ââ) + δ1b̂

†b̂

a

a

b

dimeratoms

g : Feshbach coupling

δ1 : Feshbach detuning (the
threshold energy for the
formation of molecules)

δ1 is adjustable !
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In Presence of Noise:

New block

H = Uaâ
†â†ââ+ Ubb̂

†b̂†b̂b̂+ Uabâ
†b̂†b̂b̂

+(g + ξa(t))(â
†â†b̂+ b̂†ââ) +

(
δ1 + ξb(t)

)
b̂†b̂

ξa(t) and ξb(t): White Gaussian noise

noise corrupts form corresponding Wiener process

ξa Feshbach coupling dwa(t)
dt wa(t) : strength γa

ξb Feshbach detuning dwb(t)
dt wb(t) : strength γb
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Relaxation of Bloch Vectors

Define:

Lx =
√
2(a†a†b+ b†aa)

Ly =
√
2i(a†a†b− b†aa)

Lz = (2b†b− a†a)

(Lz = z : imbalance in parti-
cle number between atomic and
molecular states)

What if the system relaxes back
to its fixed points (equilibrium
configuration)?

Time-dependent Relaxation :

Tx =
1

γb

Ty =
1

2γa(1− 3Lz) +
γb
2

Tz =
1

4γa
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Particle Localization Crossover

In absence of noise
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Figure: δ1 = 11 and δ1 = 12 : from more-atoms to more-molecules state

In presence of noise
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Figure: In presence of coupling noise and detuning noise respectively : a
molecule-heavy state goes to an atom-heavy state in a later time
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