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What is Life ?, Cambridge, 1946.
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Biophysical Journal Volume 78 February 2000 707-718

A Model for Photoreceptor-Based Magnetoreception in Birds

Thorsten Ritz, Salih Adem, and Klaus Schulten

A+B AB] A B] C+D

0,0)= (1L = 11)/v2} s=0 (singlet)

|1:1}:TT
L0)= (114 11)/VE § s=1 (triplet)
I1,-1)= 1|
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Chemical compass model of avian magnetoreception

Nature, Vol 453] 15 May 2008
Kiminori Maeda'*, Kevin B. Henbest'#, Filippo Cintolesi®, llya Kuprov®, Christopher T. Rodgers®, Paul A. Liddell’,
| Devens GUSt", Christiane R. Timmel' & P. J. Hore? —

/

Visual but not trigeminal mediation of magnetic
compass information in a migratory bird

Manuela Zapka', Dominik Heyers', Christine M. Hein', Svenja Engels', Nils-Lasse Schneider', J6rg Hane
Simon Weiler', David Dreyer', Dmitry Kishkinev', J. Martin Wild®> & Henrik Mouritsen'

Nature ,Vol 461]|29 October 2009
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Guager et al , Phys. Rev. Lett. 106, 040503 (2011)
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Quan, Song, Liu, Zanardi, Sun,

S Sachdev, (2000),
Quantum Phase Transitions.
Cambridge University Press
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Phys. Rev. Lett. 96, 140604 (2006)
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Quan et al , Phys. Rev. Lett. 96,
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Phys.Rev. A 79, 012305 (2009)

51 30 5 A % A 7 1] P B STk

There has been a recent flurry of activity following the
observation [6] that the proximity to a quantum critical point
enhances the sensitivity of a system to external perturbations,
as measured by quantum-information-theoretical quantities

such as the Loschmidt echo [6] or the eround-state fidelity

[7]. Exploiting such sensitivity, one can detect quantum criti-
cality by coupling an additional spin as a probe to the system
undergoing a QPT. This was suggested in [8] and demon-
strated in [9], where the local coupling to the probe qubit
was used as the perturbation.
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IBFHFE FFMLoschmidt echo

wipasee (I, (1)1, = c,eD(t)

D(t) = (e, (Ve (1))

9, (t))=exp(-iH,t)|G),

IBAHT T (Loschmidt echo)

L(2.1) =[(g, 0 [O)] = (G, exp(iH ) exp(-iH 1)|G),

2

L(L,t) = [ J11-sin® (2a, )sin® (5t)].

k>0
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H,=-3> [o]0}, +(g+5)o]] H,=-J) (clct, +g0))
j j
=Y e (AA-1/2) =Y &y (B/B —1/2)
k k
AlG), =0 B,|G), =0
] ]
-~

B, =cos(a, ) A, —isin(oy ) (A, )Jr :

BCS-like ground state:

‘G>g = H[icos(ak) T sin(ak)AEAik]GL

k>0

H. T. Quan, Z. Song, X. F. Liu, and C. P. Sun, PRL 96, 140604 (2006)
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k>0 [l +cosh (,ng_ )]

A = [cos2 o, cos(&, — & )t +sin’ o, cos(g, + &, )t]cosh ( pe; ) +1,

B, = [cos2 o, sin(g, — g )t —sin’ ¢, sin(g, + &, )t} sinh ( Be. ),
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8ki = (77;)2+Ai, 77|<i =T} (/11 (’9))
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purple bacteria
(photosystem 11)
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Coherence Dynamics in Photosynthesis:
Protein Protection of Excitonic Coherence

Science 8 June 2007:Vol. 316. no. 5830, pp. 1462

Fleming +JN28, 2007F%&
TIKEHFT, B RILME L
AP MAREETO@EA T
\ %% 2 44K (Fenna-

RS 7T Matt thew—01son (FMO)
pr bacteri—ochlorophyll
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EEMKWAI 2

Coherently wired light-harvesting in photosynthetic marine algae
at ambient temperature
NATURE]| Vol 463|644 |2010

= 2L R T WA T M BRI
* .1 (marinecryptophytealgae) FIREX FIff Y6
I REEA (BUKSH =406 B0t i
N (two Dimensional photon echo
"I spectroscopy), 343 T i8 WEAEIER T
1 T2 4 uE Rt

B, (V)
e ra

AT HEREE VA sty TR T FA T4 it 42.

SRR, FPEEARESH T, >0 TEAFTERR TN

BN HREEST (bilin, BRREE) TAESRE
e B RIRA L FZHAS, A TAERIE R X253R.

The Chinese Academy of Science




T

(two dimensional photon echo spectroscopy),
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Heterodyne detected signal

[0 Experimental setup for heterodyne detection
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Dimerization-assisted energy transport in light-harvesting complexes

21 Juwe 2010
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Dimerization-assisted energy transport in light-harvesting complexes

S, Yang.‘ D.Z. Xu'Z Sc:ng,2 and C.P. S
_Institute of Theore Plrysics, Chinese Academy
“School of Physic

{Received 20 February 2010; accepted 5 May 201(; published online 15 June 2010)

‘We study the role of the dimer structure of light-harvesting complex 1T (LH2) in excitation transfer
from the LH2 [without a reaction center (RC)] to the LHI {surrounding the RC) or from the LH2
to another LH2. The excited and unexcited states of a bacteriochlorophyll (BChl) are modeled by a
quasispin. In the framework of quantum open system theory, we represent the excitation transfer as

the total leakage of the LH2 syst:

em and then calculate the transfer efficiency and average transfer

time. For different initial states with various quantum superposition properties, we study how the
dimerization of the BES0 BChl ring can enhance the transfer efficiency and shorten the average

transfer time. © 2010 American Institute of Ph
L. INTRODUCTION

To face the present and forthcoming global energy crisis,
human should search for clean and effective energy source.
Recently the investigations on the basic energy science for
this purpose has received great attention and experienced im-
pressive progress based on the fundamental physi M
photosynthetic process, the structural elegance and chemical
high efficiency of the natural system based on pigment mol-
ecules in transferring the energy of sunlight have stimulated
a purpose driven jnwsligalit.\n.\ = finding artificial analogs
of porphyrin-based chromophores. These artificial systems
replicate the natural process of photosynthesis™ so that the
much higher efficiencies could be gained than that obtained
in the conventional solid systems.” It is because one of the
most atractive features of photosynthesis is that the light
energy can be captured and transported to the reaction center
(RC) within about 100 ps and with more than 95%
uﬂ']cjcncy."' :

Actually, in most of the plants and bacterium, the pri-
mary ]JE[ of photosynthesis are  almost  in
COmmon.™ Light is harvested by antenna proteins con-
taining many chromophores; then the electronic excitations
are transferred to the RC sequentially, where photochemical
reactions take place to convert the excitation energy into
chemical energy. Most recent experiments have been able to
exactly determine the time scales of various transfer pro-
cesses by the ulirafast laser technology. " These great
progres: obviously offer us a chance to guantitatively

s. [doi:10.1063/1.3435213]

its induced decoherence could affect on the efficiency of the
primary photosynthetic event. The present paper will simi-
larly study the influences of spatial structure on the primary
processes of photosynthesis for the light-harvesting com-
plexes II (LH3).

In the past, by making use of the x-ray crystallographic
techniques, the structure of light-harvesting system has been
elucidated.™" In the purple photosynthetic bacteria, there ex-
ist roughly two types of light-harvesting complexes, referred
to as light-harvesting complex [ {LHI) and LH2. In LHI, the
RC is surrounded by a BETS bacteriochlorophyll (BChl) ring
with maximum absorption peak at 875 nm. The LH2? com-
plex, however, does not contain the RC but can transfer en-
ergy excitation to the RC indirectly through LHI. In the
purple bacteria, LH2 is a ring-shaped aggregate built up by
eight (or nine) minimal units, where each unit consists of an
af-heterodimer, three BChls, and one carotencid. The
af-heterodimers, i.e., a-apoproteins and S-apoproteins, con-
stitute the skeleton of LH2, while the BChls are embedded in
the scaffold to form a double-layered ring structure. The top
ring including 16 (or 18) BChl molecules is named as B850
since it has the lowest-energy absorption maximum at 850
nm. The bottom ring with eight BChls is called BE00 be-
cause it mainly absorbs light at 300 nm. In every minimal
unit, the carotenoid connects BEOO BCh] with one of the two
B850 BChls. Excitation is transferred from one Pigmenl (1]
the neighbor one through the Fister mechanism,” while lh19_
electron is spatially transferred via the Marcus mechanism.™
Generally, it is independent of the global geometry configu-
ration of the system.

S. Yang, D. Z. Xu, Z. Song, CPS, JCP,132,234501(2010)
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LH-1 Model (I)

LH-I .
POy
,‘;ﬁ; & RC 3&} Il
[ o) -
o000
N i .
Hpya = Z [eeiei +g (Egﬁi+1 + h.c.”
i=1 0 e e mm e e
N
teaAtA+ 3 t; (e;AT +efA),
1=l o = = - ——
[ . Usage rate of excitation K Decay rate of excitation

3T
A. Olaya-Castro, et al, Phys. Rev. B 78, 085115(2008)

The Chinese Academy of Sence



LH-1 Model (1)

Fourier Transf: e; = ﬁ Z e etki e
£=0 mode: [lp—o) = \/— Zq.—l 1;)

Effective Hamiltonian:

HEBA = (e +2g) ééo + eaATA + VNt (egAJf - eEA)

------------------------------------
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Transfer Properties

Transfer Efficiency: 0 9
n=J, 2I'|v(t)|"dt

Population on Acceptor

Average transfer time:

2
T = %fﬂm 21t |v (t)|” dt

Average ouput power:

P=mn/T

rr A. Olaya-Castro, et al, Phys. Rev. B 78, 085115(2008)

The Chinese Academy of Science



From Donor to Acceptor

Initial Excitation on Donor ring

264}

Optimal case: 5 60

2.56 ¢

) (10ps)

€+ 29 =€xy

2.32

max?7) min 7 074

0.72

mnie)

0.70}

Mmax < P/(F + H’) - _
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There should be light...

Visible light-wavelength ~ 500nm
LH-I radius ~ 4-6nm t

Photon-Donor interaction:

Hyp=J SN (efb+hec)

Hyg = wgégég +wh'b+ w4 ATA
+VN|(toeh A + Jelb) + h.c]
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Chloroplast

Energy in. Solar photons are
absorbed by a photoactive material:

in plants, thylakoids inside a Semiconductor
chloroplast; in artificial water-splitting nanowire
arrays, semiconductor nanowires. T

P Oxidation catalyst

AL 41

Oxidation. Absorbed photon
energy knocks electrons from
water molecules in the chloroplast
or array, which splits the molecules
into hydrogen ions (H*) and oxygen.

@ 35

10000usd / cm

Fuel out. Both processes create a
storable, transportable fuel: glucose
in plants; hydrogen in arrays.

ITP

3 2 i z
@ | combine with electrons to form
hydrogen molecules.

Reduction. In plants, H* ions
combine with electrons and carbon
dioxide to form glucose in the
stroma. In the array, H' ions move
through a membrane and

Reduction catalyst

Semiconductor
2 y nanowire
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Grand challenges in

RN basic energy sciences

feai'ure Graham R. Fleming and Mark A. Ratne
ortlcle Research focused in five related areas will allow unprecedented control

ITP

over the microscopic world and could be the key to a sustainable future.
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Phys. Today 61, July 28 (2008)
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