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Problem
Reduced Vs Full Dynamics
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I The surrogate Hamiltonian approach 11 Weak coupling limit
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Mhormal mode analysis
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I Discrete bath approximation
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Renormalizing
the interaction
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IV Replacing the bath modes

Representative bath modes
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Surrogate Hamiltonian
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huild the bath?
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Harmonic bath - spectral density function J (W )
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Vibrational relaxation

Example: Harmonic Oscillator linearly coupled to an Ohmic bath
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v Vibrational relaxation




v Vibrational relaxation

energy relaxation
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v Vibrational relaxation

energy relaxation

[—
»

system energy, /®,
[—
N

t

Poincare time

[a—

time, 27t/c00




v Vibrational relaxation

energy relaxation
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How do we build the bath?

From first principles...

pure dephasing
( almost elastic interactions)
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Dephasing: almost elastic system bath encounters
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Spin 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

HARMONIC BATH

WITH LINEAR COUPLING SPIN BATH
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N=40, single excitations
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Mode population
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Inter-spin interactions

I;TB - éwgiTgi + é-kij (SiT§j+§;r§i)
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ALMOST ELASTIC ENERGY EXCHANGE
BETWEEN TWO NEAREST NEIGHBORS
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FOR SUFFICIENTLY SMALL K
THE BATH'SSPECTRUM REMAINSALMOST THE SAME
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Aver aged entanglement in the bath
for different coupling strengths

— weak coupling !

— medium
— strong
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The thermal wavefunction.

A thermal state diagonal 1n the energy representation

~[3Ho L ap.
Py=7— =%;e ﬁE”“’j)(W

with 3 = 1/k,T, H; the stationary Hamiltonian and Z = Tr{efHo}

L is the size of the Hilbert space.

Evaluation of the sum will scale as O(L3}

We can approximate g by using only J terms such that € _BE‘L;{ error

Evaluation of the sum will scale as O(J 3)




Finite Temperature

N

H=H,+V(t)
@ Diagonalization of I-AI0 = I—AIS A I-AIB
E, {v}
@ Separatesmulationsfor every eigenstate
e 'y (0)

@ Boltzmann averaging
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The random phase wavefunction ©
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Decomposing the thermal state into a sum of random projections:
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The thermal random wavefunction:

0.8 = e |

An average thermal expectation value:
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For temperature T the initial
state Is described by the mixture:



Random phase thermal wavepacket
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Random phase thermal wavepacket

Example: Morse Oscillator linearly coupled to an Ohmic bath
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Direct Vsrandom phase method

direct method -
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Direct Vsrandom phase method
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Direct Vsrandom phase method
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When is the random phase method
preferable?

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

g 2 :I(_L)
K

2

K number of random sets

L system size

standard deviation ¢

|  may depend on
- system size
- tempere}ture ol
- proper’“es Of number of random sets K
the observable




When is the random phase method
preferable?

| (L)

K(L) ==

K number of random sets

L system size

SELF-AVERAGING
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Open Questions

Differ ences between the spin and har monic bath.
Finite temper ature ssmulations? Saturation?

Entanglement between the bath modes. How important?
Where?

® What isthereason for the self-averaging in therandom phase

method?

® Constructing the bath from thefirst principles.




Charge transfer photoexcitation cycle

{J':'equi]ihrium
initial state

1. Equilibration of initial state

P# Ps®@Ps

2. Excitation by pump pulse

Pump field influences the system-hath coupling
Electronic dephasing

3. Dynamics of the ground

and excited state
Nuclear dephasing and relaxation

4. Nonadiabatic charge transfer
Influenced by all dissipative mechanisms

3. Relaxation and recovery of
equilibrium
Nuclear relaxation

6. Monitoring of cycle by probe pulse

Electronic dephasing
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The Surrogate Hamiltonian

H=HS+HB+HSB

e implicit description of the bath

e replace:

e Hamiltonian dynamics: (Q;¢) — ¢ 0(Q;0).
e For times { < oo, NV < oo sufficient!

~~ good for ultrafast R —_

events = AE=h/At —
R. Baerand R. Kosleff. J. Chem. = —_—
Phys. 106 (1997), 8862-3875.




The interaction between system and bath: Relaxation
Energy exchange between system and bath
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The turnover Quantum Zeno effect
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b Rate vs nonadiabatic coupling constant

Turnover with respect to the "~ . | R
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statistical error, &

Fig. 2. (Left) T'he error o(P)/{P) in the power absorbed at wy,e,; a8 a function of
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NO/NiO(100) the surrogate Hamiltonian approach

A direct bath construction

~ et t
HB—E;G' a; lﬂg(‘f) ”mzm (cr Gi+7; a'i) .

System bath coupling
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Franck-Condon point

Quenching dynamics
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Entanglement Pt
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Random phase thermal wavepacket
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single excitations vs double excitations

system energy bath population
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Surrogate Hamiltonian
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BATH OF TWO-LEVEL SYSTEMS Hs = A wsS’S
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M ethods

Bloch-Redfield Makovian — Quantum Master

equati on approximation Equati on

' does not obey Wealk
complete positivity

coupling F(t) » g (t)A Ty

[HA :HASYSTEI\/I +HABATH +| HASBJ

\

Secular
approximation

(Davies) Dynamical 1 semigroup

s (t) LIS (t) Lindblad

Quantum
Markovian Langevin
Quantum Master equation

Equation



v Vibrational relaxation

Bath Dynamics (N=5)

\ N\ reccurence time

mode population

time, 27t/(00




When is the random phase method
preferable?

K number of random sets

L system size

statistical error, ¢




