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Optics currently dominates for long distance interconnects
Increasingly, optics is used in local area network applications



Electrical signaling within computers is encountering severe limitations –
what can help at these << 1mm length scales?



What is a quantum computer?

▪ A quantum computer is a machine that performs 
calculations based on the laws of quantum 
mechanics, which is the behavior of particles at the 
sub-atomic level.



Classical information

Stored as string of bits

Quantum information

Stored as quantum state 
of string of qubits

Transmission of (qu)bits (communication, dynamics)

Readout of (qu)bits (measurement)

Distinguishability of bit states Quantum states are not 

distinguishable, except for 

orthogonal states

Bit states can be copied.

Qubit states cannot be 

copied, except for 

orthogonal states

Manipulation of (qu)bits (computation, dynamics)

Unitary operations U (reversible)
Bit transformations (function computation)

All functions can be computed reversibly.



Quantum processors connected by spin chains

Realization is based on spin chain of the permanent fermions (spin-
1/2 particles) with nearest-neighbour interaction: |0> - spin down, 
|1> - spin up.



Spin chains – recent development

721 times cited 
according to Thomson Reuters Web of Science database



Spin chains – recent development

589 times cited 
according to Thomson Reuters Web of Science database



Spin chains – recent development

161 times cited 
according to Thomson Reuters Web of Science database



Spin chains with nearest-neighbor interaction

Hamiltonian of spin chain of 𝑵+ 𝟏 electrons coupled via the nearest-
neighbour interaction is the following



Askey scheme of the orthogonal polynomials

1 2 1



Spin chains – evolution in time

▪Unitary time evolution operator:𝑼 𝒕 = 𝒆𝒙𝒑(−𝒊𝒕෡𝑯)

▪“State sender” located at the site s, “State receiver” located  at 

the site r

▪When t=0, the system located at the sites s

▪Transition amplitude (or correlation function)

▪Compute explicit expression 𝑓𝑟,𝑠 𝑡



Spin chains – simplest example of 
analytical solution



Simulation



Spin chains – another example –
Krawtchouk polynomials



Simulation



Spin chains – another example –
q-Krawtchouk polynomials



Simulation



Pair of new recurrence relations for 
Racah polynomials

෡𝐻 = ෍

𝑘=0

𝑁−1

)𝐽𝑘(𝑎𝑘
+𝑎𝑘+1 + 𝑎𝑘+1

+ 𝑎𝑘

Hamiltonian of spin chain (N+1) 
electrons



Racah polynomials



Coupling strength

𝐽𝑘 = ቐ
𝑘 + 1)(𝑚 − 𝑘)𝑓(𝛼, 𝛽, 𝛿 ; 𝑘 − 𝑜𝑑𝑑

𝑘 + 2𝛼 + 2)(𝑚 − 𝑘 + 2𝛽)𝑔(𝛿 ; 𝑘 − 𝑒𝑣𝑒𝑛

𝑓 𝛼, 𝛽, 𝛿 =
(𝑘 − 2𝛼 + 2𝛿 −𝑚)(𝑘 + 2𝛽 + 2𝛿 − 1)

(2𝑘 + 2𝛿 −𝑚 − 1)(2𝑘 + 2𝛿 −𝑚 + 1)

𝑔 𝛿 =
(𝑘 −𝑚 + 2𝛿 − 1)(𝑘 + 2𝛿)

(2𝑘 + 2𝛿 −𝑚 − 1)(2𝑘 + 2𝛿 −𝑚 + 1)



During computations, it is necessary to take into account
satisfaction of the following three cases, under which the
Racah polynomials hold finite-discrete orthogonality
relation

(−𝛽)𝑚(𝛾+𝛿+2)𝑚

(−𝛽+𝛾+1)𝑚(𝛿+1)𝑚
, if 𝛼 + 1 = −𝑚, 

𝛼+𝛿 𝑚(𝛾+𝛿+2)𝑚

(−𝛼+𝛾+𝛿+1)𝑚(𝛿+1)𝑚
, if 𝛽 + 𝛿 + 1 = −𝑚, 

(𝛼+𝛽+2)𝑚(−𝛿)𝑚

(𝛼−𝛿+1)𝑚(𝛽+1)𝑚
, if 𝛾 + 1 = −𝑚.



Transition from one end of the chain (𝒔 = 𝟎) to the final 
end of the chain (𝒓 = 𝑵 = 𝟐𝒎 + 𝟏),  𝒕 ≡ 𝑻 = 𝝅/𝟐;

𝑓𝑁,0 Τ𝜋 2 =
𝛼 − 𝛿 + 2 𝑚 𝛼 + 𝛿 + 1 𝑚

𝛿 𝑚 1 − 𝛿 𝑚

Time evolution correlation function:



Conclusion
➢ Time-dependent correlation function becomes equal to 1, is 

called as perfect state transfer. One can easily check that 

expression of the correlation function, obtained in this work, 

never becomes equal to 1. 

➢ Selection of nearest-neighbour coupling parameters 𝐽𝑘, 

corresponding to pair of the recurrence relations for the 

Racah polynomials, one can assess only the case of the 

qubit transfer with the high fidelity. This statement is very 

important, because, it allows observing the law of the 

breakdown of the perfect qubit transfer under the certain 

complication of the nearest-neighbour interaction parameter.
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