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1 Model

photoinduced excited state kinetics are considered in a complex of two-level molecules;
the computations shall be based on

H(t) = Hexe + Hgena(t) (1)
the standard exciton Hamiltonian is written as

Hexc = Eg + Z EmB;r@Bm + Z JmnB;;Bn (2)

m,n

the B} are transition operators

B’r—; = |©me) (Pmg| (3)

from the ground-state |¢,,,) to the excited state |¢,,.) of molecule m; be aware of the
important relation (completeness relation for a two-level system)

B;r@Bm + BmB’j;L = [©me) (Pmel| + [Pmg) (Pmg| =1 (4)
we use the excitonic coupling in dipole approximation

1

Jmn TN
Ron?

([d,,d;;] — 3[d,n][nd;]) (5)

d,, denotes the transition dipole moment of molecule m and R,,,,, is the center of mass
distances between molecule m and n; we set d,, = d,e.,, |Rimn| = R @nd get

with the orientation factor
Kmn = [€men] — 3[enn][ne,] (7)

the coupling to the radiation takes the form

Hgea(t) = =E(t) )  dwB;} + Hee. (8)

m



the electric-field strength
E(t) = nE(t)e ™" + c.c.
describes a single pulse with pulse envelope
E(t) = Eyexp (—4In2(t — ¢,)%/77)
to simplify the notation we introduce the so-called Rabi energy
Ry(t) = —[E(t)d,,] = —[nd,,|E(t)e ™" + c.c.

it follows (note E, = 0)

H(t)=> EB{Bi+Y JuBiBi+> (R.Bj + RiBy)
k k,l k



2 Basic Equations of Motion

kinetic equations are derived for expectation values of different arrangements of the
Bt and B,; we introduce the arbitrary operator O and get

Ot) =< O >=tr{p(t)O} (13)
equation of motions are derived from the quantum master equation

9 plt) = ~ (1), 1)) ~ Dp(1) (14)

dissipation appears due to excitation decay

Dp(t) = 3 2 ((BiBa, 1), — 2B (1)B,) (15)

m

the excited state decay rate referring to molecule m is k,,; noting the quantum master
equation we may write

— <0 >= tr{gA(t)O}:— <[H(),0]. > — <DO > (16)
the modified dissipative superoperator follows as
DO=Y" k—m<[B+B 0], - 2B0B,) (17)
- 2 m my + m m

to get equations of motion for O(t) =< O > one has to compute < [H, O]- > and
< DO >; if O factorizes according to O = 0,0, we may use

[H, OAlOAQ], - [H,OAl],OAQ—i-OAl[H, OAQ], (18)
we also note

(#,07). =~ (11.0)" (19)



2.1 Important Commutator Relations

we calculate [H, O]_ for different types of O; case O = B}

[H,B}]_ [Z E.B{ By + Z JuB B + Z (R.B{ + R;By), B,

=" Bu(B{ BuB}, - B;B,jBk +> " Ju(Bf BB}, — B}, B{ B))
k k,l

+Y " Ri(B.B}, — B} By)

= En(By, BB, — BLB),By) + > Ju(B, BB}, — BB} B)
l
+ Z Jim(B; BB — BB B,,)) + R’,(B B, — B} B,,)

= E. B} + Z Jum B (BB}, — Bf:B,,) + R:,(Bn B, — B} B,,) (20)

in a first step we notized that the commutator deviates from zero only if m = k or
m = [ (be aware of the fact that k& £ [); further we took into consideration, for example
BByt = |©me) (Pmgllome) (Pmgl = 0; if we note B, B}, — B/, B,, = 1 — 2B/} B,, we may
write

[H,B}]- = EnB+ > JunBf (1 — 2B} B,) + R, (1 — 2B} B,,)
k
=EnBY+ Y JinBf + Ry, =2 JunB{ BBy, — 2R}, B}, By, (21)
k k

we meet two new types of operators O = B B,, and O = B B} B,,; case O = B/ B,,

[H, B}, By = [H,By]-By + By[H, By = [H,By]-By — By ([H, B ]-)*
— (EmB;Q + 5 JimBf (L= 2B},By) + R, (1 - 2B;Bm)>3m
k

J’_
_Bt (EmB; +3 " i B (1= 2B5B,) + R(1 - 2B;Bm)>
k
— (EmB;Bm + 5 JimBf (L= 2B}, By) By + R (1~ zB;Bm)Bm)
k
_ B <EmBm + 3 (1 = 2B B,n) By + Ron(1 - QB;Bm))

k
= (JemB{ Bu = Jut B, By) + R, By — Ry By (22)
k



we continue in considering the case O = B B, (note m # n) and get
[H,BB,]. = (EmB;Bn + 5" Jin B (1 = 2B}, B) By + Ry, (1 — QB;Bm)Bn>
k
~B}(EaBu+ Y Jun(1 = 2B} B)) By + Ru(1 - 2B, B,))
k
= (Em — E))Bj By + Y Jim(1 = 2B} By)B{ B, — Y JuBBi(1— 2B} B,)
k k

+R' (1 —2B}B,)B, — R,B}(1—2B'B,) (23)



2.2 Important Dissipative Terms

we calculate different terms of the type DO; case O = B

. k
DB =Y ?’“([B;Bk, B}], - QB;B;Bk)
k
o .
- = (B;;BmB; 4 BB B,, — 2B;B;Bm> - %B; (24)

case O = BB,

3 k.

DB B = ' (B;BmB;Bm + BB, BB, — 2B;B;Bm3m) — k,, B B,,,(25)
case O = B} B, (m # n)

DBiB, = %([B;Bk, BB, - QB;B;Ban)
k

km
— (Bl BB B+ Bl BuB, B — 2B B BB
kn (o + + + +p+ Ko + K oy
o (Bn B.B*B, + Bt BB B, — 2B BmBan> = " tBIB,  (26)



2.3 Equations of Motion
2.3.1 Equation for < B >

we obtain

0 )
—<B+>——E <BY>+4+-Y Ju.<Bf(1-2B!B,) >
ot 7 +hzk: bm < By ( m Bm)

: -
+%R;; <(1=2B}By) > "< B> (27)
this is not a closed equation for < B;f >; we introduce abbreviations

P, =< B'B,, > (28)

2.3.2 Equation for < B! B, >

)
T BB, >= — Z(ka < Bif By > —Jpi < BEBy >)
k
+hR:n < By > —%Rm <BY > —ky, < BB, > (29)

introducing the abbreviations together with

Wi = (1 = 0pn) < BB, > (30)
2.3.3 Equation for < B! B,, >

0 i
— B+B =—(F,— E, B+B
8t < >= h( o ) < B! B, >

+ Z Jem < (1 = 2B B, )B B, > —~ Z Jouk < BBy(1-2BB,) >

k k
_|_;:LR;L m + n<B;LBn>

(31)

(1-2B:B,)B, > —%Rn <B:(1-2BB,) > —



