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Position of Harmonic Oscillator with Brownian Motio
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Open Quantum Systems
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Open Quantum Systems
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Hpol = Hs + Hg + Hsp

What can we do with this description?
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2. Spectroscopy
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For any operator, we can go from the Schrodinger to interaction picture using
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1. start with Liouville-von Neumann equation in the interaction picture of
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2. integrate and substitute back
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Based on our conceptual model of the
first lecture:

* light causes oscillations in the charges of the pigment molecules

e pigment molecules interact such that excitation (by light) of one
causes excitation in some others (delocalization)

* the orientation of pigment molecules determine the extent of
delocalization

* nuclear motion can cause energy transfer between eigenstates (the
energy is transferred to nuclear vibrations)

* nuclear motions has the form of correlated random noise; the
correlation function of the charge fluctuation gives information about
the frequency of the charge fluctuation as well as the nuclear
vibrations.
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other methods:

modified Redfield method: includes off-diagonal (in the
exciton basis) system-bath couplings non-perturbatively.
Hierarchical equations of motion: exact, in the sense
that they do not require additional assumptions.




Spectroscopy
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Electric field and polarization
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Linear polarization and absorption
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Quantum Mechanics: superoperators
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QM of linear response
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Back to linear response
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Back to linear response
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Back to linear response
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Back to linear response
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Back to linear response
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Back to linear response
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Absorption spectrum
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Absorption spectrum
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Absorption and emission spectra
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Summary
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Absorption spectroscopy

N N v
$* (W) ox w Z 2Refdt ez‘*’tlﬁm(t)}
m=1n=1

0




Circular dichroism spectroscopy
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Linear dichroism spectroscopy
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Spectral tensor
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Spectral tensor




Spectral tensor
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Spectral tensor
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Exact method

t
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Exact method
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Exact method
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Exact method
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Exact method
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Approximate methods
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Approximate methods
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Approximate methods
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Based on our conceptual model of the
first lecture:

* light causes oscillations in the charges of the pigment molecules

e pigment molecules interact such that excitation (by light) of one
causes excitation in some others (delocalization)

* the orientation of pigment molecules determine the extent of
delocalization

* nuclear motion can cause energy transfer between eigenstates (the
energy is transferred to nuclear vibrations)

*  nuclear motions has the form of correlated random noise; the
correlation function of the charge fluctuation gives information abouf
the frequency of the charge fluctuation as well as the nuclear
vibrations.




Third-order response
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Third-order response
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Third-order response
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Third-order response
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Third-order response
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Third-order response
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Heterodyne detection
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Heterodyne detection
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Pump-probe spectroscopy

AAbs = AbSpump on — Abspump off




AAbs = AbSpump on — Abspump off

AI = Ipump on Ipump off

Pump-probe spectroscopy



Pump-probe spectroscopy

equilibrium

signal

why is pump-probe a third-order technique?




Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy

equilibrium




Pump-probe spectroscopy
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Pump-probe spectroscopy

equilibrium

time
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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Pump-probe spectroscopy
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GSB —ground state bleaching
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Pump-probe spectroscopy

< ,r—7—’ ~ >
. VA wavelength
\ ‘V’ l’
| GSBA 1 /SE

A absorbance

; with pump T‘T T'T'T_TT
t~, ¢, ESA
- SE | wGSB
without pump T‘T‘T‘T‘T‘T
/ GSB —ground state bleaching

SE — stimulated emission
pump probe ESA — excited state absorption




2D electronic spectroscopy
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2D electronic spectroscopy
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2D electronic spectroscopy

| ES = Eqlr, t)eiks'r_i“’st

R(B) (7'37 T2, 7'1) =¢"Tr [laumol (TS)Vumol (TQ)VUHIOI (Tl)Vpeq]

gs (Ta t) ~ ZR(?)) (T?): T2, 7-1)

ks:_k1+k2+k3

Ws = —W1 + w2 + ws




2D electronic spectroscopy
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2D electronic spectroscopy
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2D electronic spectroscopy
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2D electronic spectroscopy
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2D electronic spectroscopy
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