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in presence of a local phonon environment :
perturbative approach vs. exact calculations.
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I) "Walk on network" : a powerful
paradigm for information science
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Classical walk on network : the MCMC example

The base of a network : nodes and bonds. The transition matrix of the network :
> B, B, B, Py P2 O
/—\ /—\ - — P= P Py P
C 1 2 3 O 0 P2 Ps3
AP
Bl BQ
22
In classical information theory : In quantum information theory :
e Research time in a database e Grover's research algorithm
¢ Nodes ranking e Quantum "Hitting time"
e Monte Carlo algorithms . .. e Quantum state transfer ...

Question : How can we concretely generate a
quantum walk ?
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I1) A realistic quantum walk : model
and Hamiltonian
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Complex network as supports : a geometrical approach
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Real physical networks !
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FIGURE : (a) The star graph, (b) the wheel graph, (c)
the H graph, (d) the hat graph, (e) the fork graph, (f)
the Apollonian network, (g) the complete graph, and
(h) the random complete graph.

®/18

Saad Yalouz e mail : yalouzsaad@gmail.com Kick-Off Meeting : APEX y




An exciton as physical quantum walker

| Excitonic quantum transport | |€1> qb ‘62> qb ’63>
Exciton : Local excited state WlImm
(electronical, vibrationnal ... ) able to v ‘®> v v
delocalize accross a molecule.

FIGURE : Three molecular subunits
interacting with a hopping constant ¢.

Tight Binding Model

e Each node < a two level system Or!e "network N One"I-_|am|Ito_n|an
This "molecular graph" is associated
with the following matrix :

e The i'" node is associated to the
local excitated state |e;)

e Global void state |@) (absence of wr @0
exciton) Hege=| @ w2 @
0 P w3
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A local phonon environment : the Holstein model

Holstein model : The environment is

’€1> gb ‘€2> gb |€3> composed of local phononic modes

N
wi Imm Hopo =) _ Qoafa

‘@ =1
% % % where a;/a] are the annihilation /creation
operators of the "I**" local mode.

FIGURE : Each site has his own local
phononic mode

Potential deformation model : a local phonon mode interacts with its respective
local two level system (with an amplitude Ag)

N p p
AHecpmo = Y Aoler){eil(af +ar)

Xk Xk Xk Xk
Phonon emission/absorption process
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The quantum state transfer problem
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FIGURE : Each site has his own local
phononic mode

Problem : estimation of Gy;(t)? <=

— Numerical way
A raw method : One builds the
hamiltonian matrix H to diagonalize it!
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Our task : the quantum state transfer

We study the excitonic-qubit transmission
from a site i to a site f with the elements
of an effective propagator G such as

Gri(t) = “e:) ppno (0)]

with the global hamiltonian

Trpho[eiH”“"t(ef le”

H = Hexc + tho + AHexc—pho
and the initial phonon density matrix

Ppho = exp(—,Btho)/tho
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< Theoretical way
A subtile method : One treats H with a
judicious perturbative approach




The numerical way : let’s build H'!

EPn : subspace
with n phonons

EP2: subspace > = ==- == == )
with 2 phonons [~ N = - = = 3I Excitonic

|
i _—__/R —'__ _ /—"__ _ ___— - spectral band

A
Qo coupling / k
\ -

Ep]__: subspace — - = o i Excitonic
with 1 phonon — | spectral band

Qo

EPO: subspace | | — — _ 1 Excitonic

with 0 phonon ! | spectral band

For a network of NV sites, we generate a truncated phonon basis by fixing
the total number of Ayho phonons
< "Just enough states" to obtain a good statistics

(Npho +N)!

dim(H) = g N =1

—s dim(H) = 30030 if N =6, N, = 9
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The theoretical way : operatorial degenerated perturbation theory

EPn : subspace
with n phonons

EP2: subspace >
with 2 phonons

7 = = i
= X Scm e &R = = = = ] Excitonic
| _—/& = - / 1= — = — ! spectral band

A
Qo coupling / \1
\ -

Ep]_: subspace i - — i

Excitonic
spectral band

with 1 phonon = ! _ === |

Qo

E PQ: subspace
with 0 phonon

]

3 Excitonic

| spectral band
]

Weak coupling = A Heyc pho K Hexc + Hpho, and we introduce a transformation
U = ¢ to bloc diagonalize H according each Ep subspace

Epo O 0

. 0 [Epn O
H= — H=UHU'"=| o 0o [Ep

Ep..
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The theoretical way : a new hamiltonian structure

We introduce an "ansazt" for the new global Hamiltonian

Ve

| Hloc + Z A 1) (R

A new excitonic Hamiltonian : A new Phonon Hamiltonian :
Hoe =Y wy, %) (%l AR =" (06, + ALY )afa,
k Lp
In the new point of view, we obtain new = When the exciton is in a state |{x)
excitonic eigenstates with the spectrum a phonon can jump from a local mode
of the excitonic Hamiltonian are slighlty to another one!
modified. If |¥x) is degenerated we set
(%K) —
sz(ok HP"'O
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The theoretical way : a final form of the effective propagator

We introduce an "ansazt" for the new global Hamiltonian

HGXC+ZH|§|?|<Q]C>|X ‘

Thanks to the diagonalization of the quadratic Hamiltonians ﬁéfo’“) we get

Z(Xk)
Grilt) ~ L()

Zph
k i

e~ xRt f%k) (Xn i)

Where we introduce a temporal function of partition Z(Xk)( t) depending on the

eigenpulsations {5Q.%*)} of the phononic jump matrix A%) as

e (XKD
Z()”ck)(t) _ Hq(l — e (FHisRg* =1 if | X&) is not degenerated
PR 1 otherwise.
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I11) Application : comparison of the two
methods
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The fork graph : low degeneracy
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The results are very good! The two 0O -

approachs give the same dynamics.
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The complete graph : important degeneracy
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The random complete graph : lift of degeneracy
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The results are good ! Thanks to the lift of
degeneracy generated by the disorder.
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CONCLUSIONS

Numerical way Theoretical way
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Treating HUGE MATRICES (only
little networks . ..)

Needs an efficient truncated basis to
get a good statistics

No real insight on the internal
physics (size of the basis ...)

Very long simulation : for N = 6
sites with N, = 9 phonons (on 16
threads, INTEL MKL, OPEN MP )

= Tsim ~ 36h

Treating N X N matrices ( every
networks !)

Doesn’t need any numerical phonon
basis

Real insight on the internal physics :
phonon hoping matrices . ..

Very short simulations : for N = 6
sites without any optimization in the
code (on 1 thread)

= Tsim ~ 10s
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Thanks for your attention!
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