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Influence of non-Markovian Stochastic Noises on Dynamics of Quantum
Entanglement in a Photosynthetic Dimer System

Maryam Saberi, Rasoul Roknizadeh, and Malek Bagheri Harouni
Faculty of Physics, Shahid Beheshti University, G. C., Evin, 19839-63113 Tehran, Iran

Department of Physics, Quantum Optics Group, University of Isfahan, 81746 Isfahan, Iran

Abstract- In this work, an exact analytical approach for the dynamics of excitation energy transfer and quantum entanglement
in a photosynthetic dimer system is presented. In this approach, the protein environment is investigated as non-Markovian
stochastic noise around each pigment molecule. The exact analytical expressions for the population of two pigments and their
quantum entanglement is obtained. It is shown that numerical results have a good matching with the experimental results at
cryogenic and physiological temperatures.

Keywords: Excitation energy transfer, quantum entanglement, Pigment-protein complex system, photosynthetic dimer
system.

AYD
ASb g yiawd BB WWW.OPSILIT Colu o a5 cuwl jliel gl)ls a0 0 dlis )


http://opsi.ir/article-1-766-fa.html

[ Downloaded from opsi.ir on 2025-11-01]

uu?b )o w‘ o..\A—‘ Cawd LY LQU] ‘5.»5..\.0.@ 9 d.v‘div)
GLU l) 9 S| o..\g.o)f dj|)| Jj‘ ’,u?u " >_L..L7u 5 G»L..u 5r>5¢
Nl oo dnlio ol o Yo sled > g0 0 520

S 5ol =Y
JUEST jo (egiilsS (SauSpn,s Salus (ise cnl o
03iS Fiuugigh il S o G S (Fu Sy SO
b b GiiSieny j0 (G9,Sdl (goadiidz oKl g0 L
3 Bolal lawdy wly ate olyie 4 &S Sy
Srkals 05d o Gab ge,d abe a5 L
H, s e Jolo H=H_ +Hg e JS sbls

G ygeo 4y &S Cal @‘bl“” a8y Hsto—noise 9 Ls;ﬁf&l‘
(M=1) $ss oo a5 53 55 5

H, = i;(gi )]+ 3 (li){i]+he),

Hsto—noise :ié:l (t) | I><I |

Jl by o8 el o Gyme ([2))]1) Ll 5o

(1)

sl anwy Sl 5o (o) peo ol g 4SSl (pgo)
J g (o) Jgl oSolr SiSily 350 (&) €
el (J5Sg0 ool 93 (9SS )08
P el (25 ol sadsi seanled 55 & (t)
3 s w5, J5Sge 52 4y oal Wl gadsi malos S
Ol Jlade b Bolar gabg e sl (6,500
S &b 5 (&(@)=0
Sle st amie (&S 1)) =5,K,
SlaJgSlge (cwgiod § Comex Saliyd Had pasie

- oo ool Zt—p =i[pH] Jssd dolae 5 wlo,

S9N sailebo o o 5051 S 4y jslate 4y 05
S Sl @Y IS (JB e pile o oSS, slasSse
by golil Gy sy Bolal (65 Sl
gably SlLaly pls g 0el sl O :<p>§i

1995 oo o0litul [V o] BSG908

© , op
. = K 1 '
(pg (t)>5,- ! &) o5 (t) (2)

AYF

St S e olKisls AV YAY ols ©o YOLYY

doosio —)

slp &5 Sl (Sojelom sloonsay 51 (S pgisd

wlols syegili 5 5 ol olal @ azgi b ] oy
oy (s25ilsS SlSe peplie 1wl 0aiiS iugied
oy ol Jolee 5l (S (Sl o550 Ul o
plol g p-ailaSs ) goduzn slaaibols jo a5 ol
28l slagil bwgs G598 al>ye cnl o 1] 09 e
sl Sige a Ol @il s wir gl geuss
Loy ool e ailaSS, sboJssdge m yo (S5 SSl
Slogiisly S0 4 S 4 Sy sesmlsS o pe
Olgol oy Rl o Wl ez )0 1) ey al 6,k
b sb)ele Gl e s e LA (S
R RUES RPN 251 RV VPO FO [0 R IO S o
Wl ol @ pogiilyS (Sailienye 5 (Shwspn
dae b S ey o wegtilsS wlibe G o]
ol ey lrailbols Ll wjls 1) Sl s laore
SoS il Wlgh oo e a5 AS o bl 1) 03,50
L5] wsl asls Iy ewgded oloj ol jo cussS
Sl Sadchs S,u8 g sbable oo
Loeala ;Mw S8 g alass ) sle JoSge
@ O9SU &S cn,® Slaghy, o)onl 5l s s aline
Ay g o Slaaz 9,15 [A-Y] Wleass a8 5 15
~4555 4 Laee (65LusSI ol o3Y I 05,05 soyy
Sealod chogs lp A8 J> a4 b ogd el o
)bl (al o (agidlyS (Santion,o 9 5351 JUas!

S Ssie pwgioh dle i ool (Jolod cdls 5o
L alaS; slaJgSge 05 o0 Llod oSS, JsSUga 90
S b SorSdl g 4 a5 3l 90 sleelSl
g n e G gl oo hogi Sload i
GBS lopee ol sloadss L 5o boalaSs, OlLl
S8 Lo @ oads &l céls, [A] sgi o oS>
&5 JUisl Salis ganlllas 5y sgdle Hlgmy b 0iS oo
| Leailas) (cegiilsS (Foeiim s Seolind (L3Sl

255 addllas 335 5k 4

5 ot aill Zdls) o se B Allie cnl Jsl i 50
slasse 5l plaS o Comer lp v oljle


http://opsi.ir/article-1-766-fa.html

[ Downloaded from opsi.ir on 2025-11-01]

Ji(@) coth(ﬂ—zw) cos(wt) ©

K, :Tda) "
0

—isin(wt)

Silp b I Sl a4 ey L

0

-l 455 pl Gogs gl J(@) =24y ———
@ +y

2 Syist e > Iz laie 4 Cad canslio L
olesb 5! Ak, el 5o 0gd e aid F LS

s oy o 1 .
9 e (Ser Gloj Gpxe ¥T g lagysisgd

Ki(t) = Z_Aeiyt -

25 2 _ _V

? V2 _?/ 2 (7e " _Vke kt)'
AV (6)

3> 50 g el =)™ 5 1 bgusle WilS 3V, Ll jo
Olaslre 098 oo bld Jol ales Ls YU slabes
Slasein LFMO s59, 152 135 6l 1) go0s
J=-8 7T .5=0 .g=120cm™

aepd o0 ol 1 =100fs 4 2 =35cm™

Corez Sy Jo p bame sl Gl (V) S0
JS8 50 (pugaen oy amsge Glas | Jgl JsSdge
<3 4 600 fs P 77K e sl 1000 fs (va)
Cewd 4 (92,28 gl Conl 0uls Al 300K sles
iy 4 FMO 5y Slsle 138 cpl gl sl
5 TTK sl sl 450fs § 700fs ,olis ol
s il oplplo LE-¥] Wl 3,15 300K
el G 1) SsSl s slaady (g oe 0>
oz slalisle o Sy p Lo chog Cux

Condld Jiingsed

Satipeyd gloy Jozi p bamme slos 1 (V) IS
S sebles aas oo plis wlaSS, JsSge 93 (oogiilS
RS e G lien primes (VD) 5 (YA) U5 90 0
5 ams o &, Lo 90 o ol adyl 400fs & Sus
o adsl e b e 4 b atdl el oley 50 b
3 oFesS (2l by wuae 3l awm cplple

Db e 093l pg oSl

AYY

St S e olKisls AV YAY ols ©o YOLYY

g oo Jolo pj IS8 4 (g Sl ool

9% _ 53 1m(e,),
d . .
% = i(e, - )0y, +id (20, ~1) o)

—jdt'a12 t)(K +K)(E-t).

3otele pl o Saien,s Swlns alxe gl
aS 09l oo oslaiwl Sbgs slo,bole cogiilsS asiw

Pl ad EY)
C(o) =max(0, /4 — & — & —[4,)

oile polie ofis oy alal) (al)s ogdige uye

<

ad s L e E:G(O'y@o-y)*a(ay@o-y)
S5 wlebam ) 4 bgrpe O msle 5 Wisdioo
g g0 48,5 Jai o 5 IS 4y aS cewl Slgo

0 0 0 O
0 0
Oy Oy )
0 0y o0, O
0 0 0 O

Goue mls -Y

e, Sl ondl s & soue @l i ol o
(slss 00iS jiugiss salols gly 1) oad e
w5 2 Slewlre 05 eolw slp eepd o0 (LA
Lol Gy Lollr plos (gads ol Ki aladl> &6
Sz Gl elidie 28y euilooe a5 jsbles
Wb Sl Suscds b oaglie o Lyeailily
Sow 3l el (395l e Sl wdl x e
W) (SzsS (Siror oy Logysisd a5 puils so ¢ S0
el 5o crlple wgyen sled & (B9 lend lamme
Ol & Fwgisd Lull o 1) bogish (Kiwnps &b
"o B a4 Bl e slaads Sley (S &b

i 2


http://opsi.ir/article-1-766-fa.html

[ Downloaded from opsi.ir on 2025-11-01]

S5 ez -F
S M2, Swlas saie; o addlas o590 hg, 50

Lel le;ﬁb OLAHSJMBJBS >_....M.| 5] 644L0L~u 6@5.«.»‘55
B4 gaazr cdle, egilsS L gailels laie

@l @ g b wms S Rkl Bl Sola
2l b byl o baws glhil g oasl cows 4y (goue
(St led a5 olKislel sled 90 50 (020
SB9S Loyt (Solai sladdy aF 8,5 axl (lyiee
slabls e oy cuxr ol gauS

&=l o

[1] Blankenship R. E, Molecular Mechanisms of
Photosynthesis, world scientific, 2002.

[2] Engel G. S, Calhoun. T. R, Read. E. L, Fleming G. R,
Nature, 446 (2007) 782.

[3] Collini E. Wong C. Y, Wilk K. E, Scholes G. D, Nature
463 (2010) 644.

[4] Lee H, Cheng Y. C, and Fleming G. R, Science, 316
(2007) 1462.

[5] Sarovar M., Ishizaki A., Fleming G. R. and Whaley K. B.,
Quantum entanglement of photosynthetic light harvesting,
Nat. Phys. 6 (2010) 462.

[6] Breuer H. P, Petruccione F, The Theory of Open Quantum
Systems, Oxford University Press, New York, 2002.

[7] Ishizaki A, Fleming G. R, J. Chem. Phys, 130 (2009)
234110; 130 (2009) 234111.

[8] Cheng Y. C, and Silbey R. J, Phys. Rev. Lett, 96 (2006)
028103; Mohseni M, Rebentrost P, Lloyd S, and Guzik A,
J. Chem. Phys, 129 (2008) 174106; Plenio M, Huelga S,
New J. Phys, 10 (2008) 113019.

[9] Ferialdi L, and Bassi A, Phys. Rev. Lett, 108 (2012)
170404.

[10] Novikov E. A, Eksp, Zh, Teor. Fiz, 47 (1964) 1919.

AYA

L dgd olKasls AFAY ole (55 YO b YY

1.0K ]
(2)T=77K
0.8} ]
0.6 f
1
0.4+ 1
0.2 1
0.0, . ! : .
0 500 1000 1500 2000
t.fs.
1.0 ]
(b) T=300kK
0.8+ ]
0.6 1
L
0.4r 1
0.2 ]
00p. ., ,  Tm—m————
0 500 1000 1500 2000
t.fs.

b glos (@) Gl 4 Jsl ol ooz Sloy Jgoo 1) S5
Ye.K((b) 4T=77K

1.0F 1
a)T=77K
0.8l (@ i
0.6 ]
C..

0.4¢ B}

0.2f 1

0.0 . : ‘ .
0 500 1000 1500 2000

t.fs.
1.0F ]
b) T=300K
osl (b) ]
0.6+ q
Cli |

0.4+ q

0.2- q

0.0t X ‘ ‘ :
0 500 1000 1500 2000

t.fs.

@ A, JoSlge 90 (o9t (Saien)s Sloy Joru ¥ S8
YooK (b) 5 T=77K Lae slos (@) sl


http://opsi.ir/article-1-766-fa.html
http://www.tcpdf.org

