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How do we build the bath?
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Harmonic bath - spectral density function
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Example: Harmonic Oscillator linearly coupled to an Ohmic bath

Vibrational relaxationVibrational relaxation

∑∑ ++++=
i

iii
i

iii XXMM
PH )ˆˆ(ˆˆˆˆ

2
ˆˆ ††22

0

2
σσλσσωω

)(
)(

i

iJ
ωρ
ω=iλ

Ohmic spectral density
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η - coupling strength
ωc - cutoff frequency

system bath interaction



Vibrational relaxationVibrational relaxation

energy relaxation
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How do we build the bath?

Surrogate HamiltonianSurrogate Hamiltonian
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From first principles …

pure dephasing
( almost elastic interactions)
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The bath has to be initially excited
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Spin bath Vs Harmonic bath



Spin bath Vs Harmonic bathSpin bath Vs Harmonic bath
M. Nest and H.-D. Meyer, JCP 119, 24 (2003)

Morse Oscillator linearly coupled to an Ohmic bath
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Spin bath Vs Harmonic bath
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ENTANGLEMENT



weak coupling limit
γ-1=1630 fs >> τosc=127 fs, τbath=54 fs
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weak coupling limit
γ-1=1630 fs >> τosc=127 fs, τbath=54 fs



intermediate coupling
γ-1=163 fs ≈ τosc=127 fs > τbath=54 fs



strong coupling
γ-1 =54 fs ≈ τbath=52 fs  <  τosc=127 fs



Saturation

three
excitations

fsrec 3200≈T

system

1st mode

2nd mode

1st + 2nd
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Saturation

Bath Dynamics

N=40, single excitations N=20, single excitations



ALMOST ELASTIC ENERGY EXCHANGE
BETWEEN TWO NEAREST NEIGHBORS

FOR SUFFICIENTLY SMALL  κ
THE BATH’S SPECTRUM REMAINS ALMOST THE SAME
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inter-spin interactions
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Entanglement

Averaged entanglement in the bath
for different coupling strengths  





Finite Temperature 

The number of eigenstates grows with
temperature and exponentially with the

number of the bath modesBS HH ˆˆ ⊗

No bath N=10
Diagonalization of BS HH ˆˆ ⊗

Separate simulations for every eigenstate 
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For temperature T the initial 
state is described by the mixture:

Random phase thermal wavepacket 
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How do we build ?

Imaginary time
propagation
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Random phase wavepackets can be 
expanded in any set of states !!!
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Random phase thermal wavepacket 

completeness



Example: Morse Oscillator linearly coupled to an Ohmic bath
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Random phase thermal wavepacket 
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system bath interaction field
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Direct Vs random phase method
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(~140 states)
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Direct Vs random phase method



When is the random phase method 
preferable? 

K
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K
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number of random sets

system size

How many random sets (K) do we need to obtain the desired accuracy?

λ may depend on
- system size
- temperature
- properties of 
the observable 



SELF-AVERAGING

When is the random phase method 
preferable? 

K
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system size
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When is the random phase method 
preferable? 



Open QuestionsOpen Questions
Differences between the spin and harmonic bath.
Finite temperature simulations? Saturation?

Entanglement between the bath modes. How important?
Where?

What is the reason for the self-averaging in the random phase
method?

Constructing the bath from the first principles.





























END



Entanglement



Random phase thermal wavepacket



Decoherence 2
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single excitations vs double excitations

bath population

system

1st mode
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system energy



Surrogate HamiltonianSurrogate Hamiltonian
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MethodsMethods
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Vibrational relaxationVibrational relaxation

Bath Dynamics (N=5)
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When is the random phase method 
preferable? 
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How many random sets (K) do we need to obtain the desired accuracy?

K
10100


