The Spin-Boson Model, Part II.

Topics covered:

1) Improved (non-Markovian) Kinetic Master Equations for the system state populations:
a partial derivation.

2) Specialization of these non-Markovian Master Equations to the Spin-Boson model: the
Non-Interacting Blip Approximation (NIBA).

3) NIBA predictions for the Spin-Boson dynamics: some case studies.

4) The strong electron-phonon coupling regime according to NIBA (Golden Rule):
Marcus Theory rate constants.

5) Supplemental notes on the (sinusoidally) Driven Spin-Boson Problem:

1) Golden-rule analysis of the short-time dynamics: altered rate constants (!)
i1) the field-driven NIBA equations.
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Leggett et al: The dissipative two-state system

TABLE I. Summary of resulls for Pt)= {o,(1)) for bias e=0.
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a

c} —u n.
J{ulz% > mi; Blw—wa)=dofe _ "¢ with the conditions A <<, k5T <<fiw, .
Other quantities used below: a=mngd/2h A,=AlA /o PN Na <) .

Ohmic dissipation: J’!wl:qm—""r i
Ocs<l T=0 _ Laaiation
- exponential relaxation with a rate

T#0 «expl =(To/T)=7] (Sec. VLA)
5 =1 (chmic) as1, T=0 . Localization
g a>1, T#0 or e
a<l, al > A, Exponential relaxation with a rate
{i.e., region to the . aT2"! (Sec. V.C)
right of the curve in Fig. 8)
T<a<l, TSA, " Probably incoherent relaxation (Sec. V.E)
a=41,al T o Exponential decay with a rate 7A*/20,

** (Toulouse Limit) (Sec. V.B)

OD<a<y, aT <A, Damped oscillations with an )
. incoherent background (Secs. V.D and V.F)
l<s<2 ; Damped mc_il_]ntians at T=0, with
a crossover to exponential relaxation
at T=T" (Sec. VLB); for definition of
T* see Eq. (6.42)
§>2 " I ; Weakly damped oscillations (Sec. Y1.B)

For ‘7esults for e£0, see Sec. v
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Syt phlation
dynamics is described by the following generalized master equation derived in Refa [7, 26
and by different methods in Refs. [24, 25]:

:
2O~ a7 [ dnsinlP() - Flta) - (/)¢ — t)]sin(Qu(t — )%
0
- A? f‘ dty cos[F(t) — F(ty) — (¢/B)(t — t1)] cos(@u(t — ta)]e” B a(ty) [ (9)
G S G e
Here z(t) is the difference in electronic populations between reactant and product states and

F(t) = % fo ‘a4 B(t) = “‘%"sm(m) (10)

The last equality in Eq. (10) is based on specialization to the monochromatic driving field
indicated in Eq. (2), which shall concern us throughout the present work. The functions
Q. (t) and Q2(t) in Eq. (9) are determined by the boson spectral density [23]

_ 1 J(u)
At = [T =T sin(wt), (11)
1 = J(w) fw
Qult) =+ fo dw=22[1 — cos wt)]coth (%T) (12)
where the spectral density function is dehined as

" o e g :C: S
Jw)=<-> —§ w—w)) y (13)

e — 2 T il i D};o‘i‘g ,n\u'r\

In Eqgs. (11-13) w represents the angular frequency of a harmonic oscillator in the bath. All
relevant details of the bath are encoded in the temporal functions @y,3(t). Thus there should
be no confusion with our notation of the laser field angular frequency by the same symbol,
i.e. everywhere else in the paper w refers to the angular frequency of the laser field.
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