
We con clu de th at a d ras tic ch an ge in th e h ole tr an s fe r m ech an ism fr om tu n n elin g

(fas t decrease of F at ), to hopping (nearly constant F at N >3) is accurately

reproduced by Mod 1, (see Fig . 4). This behavior is maintained with the capture of

the carrier by the environment as described by . Effects of the carrier

wavefunction dephasing caused by thermal noise and described by , are

small for tunneling ( ), but introduce significant increase of F by factor 2 in

the hopping transfer regime at N > 3.

As seen from Fig .5, the double -strand Mod 2 reproduces only a general trend of the

N-dependence of the measured hole transfer velocity F (N). The matter is that

when solving the Lindblad equation for Mod 2 only one particular set of the model

parameter values was used by us. We are planning to test other parameter sets

available from the literature and check their better relevance for reproducing data

of Giese experiment .
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Fig. 5. Obtained from Mod 2

(marked in yellow) the dimen -

sionless hole transfer velocity

F(N) as a function of the length of

the bridge (A-T)N is presented

without dephasing, i .e. g=0 in

. The curve marked in

blue is the same as in Fig . 4
Each base pair is considered as a structureless site numbered as n = 0, 1…, N, N+1,

in a single -stranded electron model with the Hamiltonian :

where are the operators of creation (annihilation) of a spinless fermion,

is the energy level of the hole carrier at site n, an d are th e am plitu des

of a h ole tr an s ition s betw een n eigh bor in g s ites .

Th e en ergy level d iagram w ith th e m odel param eter s u sed is sh ow n in Figu re 3.

Fig. 4. Obtain ed fr om Mod1
th e d im en s ion les s h ole

tr an s fer ve locity F(N) as a
fu n ction of th e len gth of th e
br idge (A-T)N is p resen ted
w ith ou t deph as in g, i.e . g=0 in

(m arked in green ) an d
in clu d in g deph as in g, g=0 .3
m eV (m arked in blu e).

Nu m er ical solu tion s of th e Lin dblad equ ation in th e qu bit r epresen tation are

fou n d u s in g th e open sou rce Lin db ladMPO code, w h ich s im u lates elem en ts of a

qu an tu m algor ith m on a class ical com pu ter [3]. Th e calcu lated resu lts ar e

com pared to available exper im en tal data [2].
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Formulation of the problem and theoretical approach
The transfer of a hole carrier in a fragment of artificial DNA

(oligonucleotide) is investigated by considering the "hole carrier in DNA
+ dynamic environment" as an open quantum system. DNA structure is
approximated either by (Mod1) a simplified single-strand model or
(Mod2) the more realistic double-strand one. Time evolution of the
system density operator is described by the Lindblad equation that
is solved numerically.

Two physical sources, and the corresponding operators
and in the Lindblad equation, give rise to the carrier dissipative
dynamics: (1) capture of the carrier by the environment, resulting in the
escape of the hole from the DNA, (2) the loss of the carrier wavefunction
coherence under the influence of stochastic fluctuations of the
environment.
Our goal is to check whether both structurally distinct DNA models,
discussed earlier in [1] and denoted here as Mod1 and Mod2, enable to
reproduce accurately two different regimes of a hole motion of a hole
carrier, namely, coherent tunneling in short DNA oligonucleotides and
incoherent hopping in longer ones, in accordance with results of
experimental measurements of the rate of charge transfer along a DNA
oligonucleotide as a function of its length N.

Giese et al. [2] laid the foundations for measuring a charge transfer in
oligonucleotides - homogeneous and regular DNA sequences. Here, a
quantum models, Mod1 and Mod2, for describing results obtained in
these experiments are explore.

Fig. 1. Fragm en t of DNA w ith tw o pair s
of n itrogen ou s bases : aden in e -
th ym in e (A-T) an d gu an in e - cytos in e
(G-C). Th e over lapp in g π-orbitals of th e
carbon an d n itrogen atom s of th e
n itrogen ou s bases form th e “path s” for
ch arge m ovem en t alon g DNA.
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Fig. 2. Sch em atic view on DNA
oligon u cleotide in th e Giese
exper im en t [2, 3]. Don or an d accep tor
cen ter s , each for m ed by (G-C) base
pair s , ar e h igh ligh ted an d join ed by th e
(A-T)N br idge alon g w h ich a h ole
car r ier tr an sfer .
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Fig . 3. En er gy level d iagr am .
an d – s tates of a h ole

car r ier on th e don or (n =0 ) an d
accep tor (n =N+1),

– s tate of th e
ch ar ge car r ier on th e n -th
(A-T)-pair of th e br idge.
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III. Method of calculating the charge transfer rate. 

a) From Ferm i to Pau li operator s :

Th e J ord an -Wign er tr an s form ation d efin es th e Ham ilton ian in th e qu bit

r epresen tation :
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b) Th e ch arge tr an s fer evolu tion is descr ibed by th e Lin dblad equ ation :

c) Selection of Mod1 param eter s :

d ) Nu m er ical solu tion s of th e Lin db lad equ ation are obtain ed u s in g th e Lin dblad

MPO Solver program [3].
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In th e fr am ew or k of a m ore realis tic dou b le-s tr an ded electron ic m odel Mod 2 (n ot

specified h ere for br evity) th e h ole tr an s fer velocity F(N) h ave been also obtain ed

w ith in g th e sam e approach based on th e Lin db lad equ ation an d com pared to

exper im en tal data [2] (see Fig.5).
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