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ΦCS = 1− τavg
τChl

,

τavg τChl
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H = Hs +Hb +Hsb

Hs Hb Hsb
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Hs =
∑
n

En |n〉 〈n|+
∑
n �=m

Jnm |n〉 〈m| ,

En Jnm

|n〉
Qy S1 ψ

(e)
n (r)

ψ
(g)
k (r) �=

|n〉 = ψ(e)
n (r)

∏
k �=n

ψ
(g)
k (r).

Jnm

Jnm =

∫
dr1 . . . drN

∫
dr̄1 . . . dr̄Nψ

(e)
n (r1 . . . rN)ψ

(g)
m (r̄1 . . . r̄N)

×
∑
i,j

1

|ri − r̄j|ψ
(g)
n (r1 . . . rN)ψ

(e)
m (r̄1 . . . r̄N).

Jnm = NmNn

∫
dr1 . . . drN

∫
dr̄1 . . . dr̄Nψ

(e)
n (r1 . . . rN)ψ

(g)
m (r̄1 . . . r̄N)

× 1

|r1 − r̄1|ψ
(g)
n (r1 . . . rN)ψ

(e)
m (r̄1 . . . r̄N).

=

∫∫
dr1dr2ρn(r1)

1

r1 − r2
ρm(r2),

ρn(r1) = Nn

∫
dr2 . . . drNψ

(e)
n (r1 . . . rN)ψ

(g)
n (r1 . . . rN),

ρn(r1)
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Hb =
∑
α

�ωα(b
†
αbα +

1

2
),

�ωα α

σ
|J |

cm−1

cm−1

Hsb

Hsb =
∑
α

∑
n

�ωαgα,n(b
†
α + bα) |n〉 〈n|

gα,n

α

J(ω)
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Jn(ω) =
∑
α

g2α,n�
2ω2

αδ(ω − ωα).

Cn(τ)

Cn(τ) =
〈
δEn(τ)δEn(0)

〉
=

∑
α

g2α,n�
2ω2

α[cos(ωατ)coth(
β�ωα

2
)− isin(ωατ)]

=

∫ ∞

0

dωJn(ω)[cos(ωατ)coth(
β�ωα

2
)− isin(ωατ)],

β = 1
kbT
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Qy

E0

E0

En = E0 +ΔEn

ΔEn

{
qbgj

}
{
qi
}
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ΔEn

ΔEn =
1

εeff

∑
i

∑
j

(
qne,iq

bg
j

|rni − rbgj | −
qng,iq

bg
j

|rni − rbgj |)

=
1

εeff

∑
i

∑
j

Δqni q
bg
j

|rni − rbgj | ,

εeff qne,i

qng,i

Δqni

rni rbgj

Δρ(r) = ρe(r) − ρg(r) S1 S0

Δφ(r) = φe(r) − φg(r)
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Jnm

Jnm =

∫∫
dr1dr2ρn(r1)

1

r12
ρm(r2).

ρ(r)

r1 r2

ρT (r)
φT (r)

Jnm = f
∑
i

∑
j

qn,Ti qm,T
j

|Rn
i −Rm

j |
, f = 2.68 {−0.27d}+ 0.54,
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qn,Ti qm,T
j

Rn
i

Rm
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PD1
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PD1

cm−1

cm−1

ΔEn(t) ΔEn

δEn(t)

δEn(t) = ΔEn(t)−ΔEn.

PD1
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PD1

cm−1

Cn(τ) =
〈
δEn(τ)δEn(0)

〉
.

Cn(τ) =
1

T

∫ T

0

δEn(τ + t)δEn(t)dt.
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Cavg
MD

Cavg
MD(τ) =

1

30× 8× 2

8∑
n=1

30∑
i=1

2∑
j=1

Cn,i,j(τ),

i j

cm−2
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Cavg
MD(ω) =

∫ ∞

−∞
eiωτCavg

MD(τ)dτ,

ω Cavg
MD(ω)

Cavg
MD(ω)

Qhar(ω)

Cqc(ω) = Qhar(ω)C
avg
MD(ω) =

β�ω

1− eβ�ω
Cavg

MD(ω),

β = 1
kbT

Cqc(ω)

Cqc(τ)
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cm−2

|α〉

Hs |α〉 = Eα |α〉 , |α〉 =
∑
n

Cα
n |n〉 .

Eα α Cα
n

α
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OD(ω) = ω
∑
α

μ2
αRe

∫ ∞

0

dtei(ω−ωα)t−gαααα(t)−Rααααt;

μα =
∑
n

Cα
nμn;

Rαααα = −
∑
β �=α

Rββαα,

μα ωα α

gαααα(t) Rαααα α

Cα
n α

μn

Rαααα Rαααα

α Rββαα

α β

Rββαα = −2Re

∫ ∞

0

dtŴ (ωβα, t){g̈βααβ(t)−{ġαβαα(t)− ġαβββ(t) + 2iλαβαα}

×{ġααβα(t)− ġβββα(t) + 2iλααβα}};

Ŵ (ωβα, t) = {−iωβ−αt−gαααα(t)−gββββ(t)+2gααββ+2i(λααββ−λαααα)t}

ωβα = ωβ − ωα λαααα α

g(t) λ

gαβγδ(t) =

∫ t

0

dτCαβγδ(τ)(t− τ)



doi:10.6342/NTU201802891

λαβγδ = −
∫ ∞

0

Im(Cαβγδ(τ))dτ

Cαβγδ(τ) =

∫ ∞

0

dωJαβγδ(ω)[cos(ωατ)coth(
β�ωα

2
)− isin(ωατ)],

Jαβγδ(ω)

Jnmn′m′(ω)

Jnmn′m′(ω) = δnmδnn′δmm′J(ω)

Jαβγδ(ω) =
∑
n

Cα
nC

β
nC

γ
nC

δ
nJ(ω)

Cαβγδ(τ)

Cαβγδ(τ) =
∑
n

Cα
nC

β
nC

γ
nC

δ
n

∫ ∞

0

dωJ(ω)[cos(ωατ)coth(
β�ωα

2
)− isin(ωατ)]

=
∑
n

Cα
nC

β
nC

γ
nC

δ
nC(τ),

C(τ)

C(τ) Cqc(τ) Cavg
MD(τ)

Cqc(τ)

cm−1

αth

αth gαααα(t)
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ChlD1
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En
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HRC H
′
RC HCP47 H

′
CP47

HCP43 H
′
CP43 HCP47−RC H

′
CP47−RC

HCP43−RC H
′
CP43−RC HCP43−CP47 H

′
CP43−CP47

HRC−CP47 HCP47−RC HRC−CP43

HCP43−RC HCP47−CP43 HCP43−CP47 H
′
RC−CP47

H
′
CP47−RC H

′
RC−CP43 H

′
CP43−RC H

′
CP47−CP43

H
′
CP43−CP47 HM1−M2 HM2−M1

HRC HCP47 HCP43

HRC =
8∑

n=1

En |n〉 〈n|+
8∑

n=1,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|),

HCP47 =
24∑
n=9

En |n〉 〈n|+
24∑

n=9,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|),

HCP43 =
37∑

n=25

En |n〉 〈n|+
37∑

n=25,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|),
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En

HCP47−RC HCP43−RC HCP43−CP47 HRC−CP47 HRC−CP43 HCP47−CP43

HCP47−RC

HCP47−RC =
24∑
n=9

8∑
m=1

Jnm |n〉 〈m| = (HRC−CP47)
T ,

HCP43−RC =
37∑

n=25

8∑
m=1

Jnm |n〉 〈m| = (HRC−CP43)
T ,

HCP43−CP47 =
37∑

n=25

24∑
m=9

Jnm |n〉 〈m| = (HCP47−CP43)
T .

HRC H
′
RC

HRC H
′
RC

H
′
RC =

45∑
n=38

En |n〉 〈n|+
45∑

n=38,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|),

H
′
CP47 =

61∑
n=46

En |n〉 〈n|+
61∑

n=46,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|),

H
′
CP43 =

74∑
n=62

En |n〉 〈n|+
74∑

n=62,n<m

Jnm(|n〉 〈m|+ |m〉 〈n|).

H
′
CP47−RC =

61∑
n=46

45∑
m=38

Jnm |n〉 〈m| = (H
′
RC−CP47)

T ,
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H
′
CP43−RC =

74∑
n=62

45∑
m=38

Jnm |n〉 〈m| = (H
′
RC−CP43)

T ,

H
′
CP43−CP47 =

74∑
n=62

61∑
m=46

Jnm |n〉 〈m| = (H
′
CP47−CP43)

T .

HM1−M2

HM1−M2

HM1−M2

HM1−M2 =
37∑
n=1

74∑
m=38

Jnm |n〉 〈m| = (HM2−M1)
T .
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HRC

HRC

HRC H
′
RC

nth

Es
n = E0 +ΔEs

n,
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ΔEs
n(τ) = fΔEn(τ) =

f

εeff

∑
i

∑
j

Δqni q
bg
j

|rni (τ)− rbgj (τ)| ,

εeff Δqni

qbgj

rni rbgj

CMD(τ)

f 2

CMD(τ) = f 2Cavg
MD =

f 2

N

∑
n

〈
δEn(τ)δEn(0)

〉

Cavg
MD δEn(τ) =

ΔEn(τ)−ΔEn
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HRC

H
′
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cm−1
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ChlD1

ChlzD1 ChlzD2

ChlD2 PheD2 cm−1

PheD1 PD1

PheD1 PheD2 PD1

PD2

PD2

cm−1 PD1

cm−1

(|Cα
n |)2

ChlD1

PheD1 ChlD1 cm−1

PheD1
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PheD1

ChlD1

PD1 ChlD2 PheD2 ChlzD1

ChlD2 PheD1

Lα

Lα = (
∑
n

|Cα
n |4)−1

nth

Rn

αth
〈
Rα

〉
〈
Rα

〉
=

∑
n

|Cα
n |2Rn

〈
ΔRα

〉
〈
ΔRα

〉
=

√∑
n

|Cα
n |2(Rn − 〈

Rα
〉
)
2
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HCP47 HCP43

HCP47 H
′
CP47

Cavg
MD

cm−1
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HCP47

H
′
CP47

cm−1
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cm−1

|Cα
n |2

cm−1
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cm−1

HCP43

H
′
CP43

cm−1

cm−1
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cm−1

cm−1

cm−1
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Rααββ Rααββ

β α

Rαααα Rαααα

α

1
τFL

= 1(ns−1)

Rαααα = − 1

τFL

−
37∑

β �=α

Rββαα.
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Chl+D1Phe−D1 P+
D1Chl−D1 τRP1

τRP2

ChlD1

PD1

RRP1,RP1,e1,e1 = R38,38,1,1 =
1

τRP1

=
1

700
(fs−1),

RRP2,RP2,e28,e28 = R39,39,28,28 =
1

τRP2

=
1

3
(ps−1).

ChlD1

PD1
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RRP1(M1),RP1(M1),e2,e2 = R75,75,2,2 =
1

τRP1

=
1

700
(fs−1),

RRP2(M1),RP2(M1),e53,e53 = R76,76,53,53 =
1

τRP2

=
1

3
(ps−1),

RRP1(M2),RP1(M2),e1,e1 = R77,77,1,1 =
1

τRP1

=
1

700
(fs−1),

RRP2(M2),RP2(M2),e56,e56 = R78,78,56,56 =
1

τRP2

=
1

3
(ps−1).

( )

dP (t)

dt
=

( )
P (t),

P (t) =
78∑
α=1

Pα(t) |α〉 ,

Pα(t) α T = t

cm−1
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cm−1

HRC HCP47

HCP43

ChlzD2 PheD2 PD2

ChlzD1 PheD1 PD1

ChlzD2

PheD1 cm−1
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PheD1

ChlzD2

|Cα
n |2

α
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ChlzD2

ChlzD1

ChlzD1 ChlzD2
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ChlzD2

ChlzD1

ChlzD2

ChlzD1

Chlz
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ChlzD2

ChlzD1

ChlzD1 ChlzD2
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| Jnm

ΔEnm
|

cm−1

JChlzD1(M1)−CLA616(M2) JChlzD1(M2)−CLA616(M1)

JCLA625(M1)−CLA625(M2) JChlzD1(M1)−CLA616(M2) cm−1

JCLA625(M1)−CLA625(M2) cm−1
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(|Cα
n |)2

α

cm−1
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CP47 (M1)

CP43 (M1)

RC (M1)

625 (M1)

625 (M2)

CP47 (M2) RC (M2)

CP43 (M2)
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ChlzD1

CP47 (M1)

CP43 (M1)

CP47 (M2)
RC (M2)

CP43 (M2)

RC (M1)

29.40 Å

29.35 Å

-0.01 cm-1

-0.01 cm-1



doi:10.6342/NTU201802891

PCP47(M1)(t) = 0.59e−
t

6.03 + 0.28e−
t

181.39

ChlD1 PD1

ChlD1 PD1

PCP43(M1)(t) = 0.67e−
t

11.19 + 0.28e−
t

176.93
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PCP47(M2)(t) = 0.21e−
t

22.40 +

0.21e−
t

991.08

β

β

β

β
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PheD1

ChlD1

ChlzD2 PheD1
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