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Density matrix of chain
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Fidelity of transfer of quantum state 
in spin chain

2

),( 




 





= χσχσχ TrF

( ) ( )
( ) ( )

).(,10

,10)(10

,
**

τρσψ

τρ

ψσψσψψσψψ

j

j

ba

baba

TrF

=+=

++=

===

Uhlmann, A., Rep. Math. Phys., 9, 273 (1976)
R.Jozsa, Journal of Modern Optics, 41, 2315-2323  (1994) 

For mixed states

For pure initial state
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Fidelity for transfer of state between 
sender and receiver
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Transfer time of the quantum state
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Entanglement

William K. Wootters, Phys. Rev. 
Lett. 80, 2245 (1998)
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N=4    __
|b|=1/√20
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is zero.
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N=6 __
|b|=1/√50
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N=8        __
|b|=(10√2   )-1
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N=4    _
|b|=1/√2
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N=6    _
|b|=1/√2
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N=8    _
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N=4

Critical temperature for emergence of
entanglement at N=4
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N=6

Critical temperature for emergence of
entanglement at N=6
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Critical temperature for emergence of
entanglement at N=8



Conclusions
1. The analytical solution for evolution of the 

density matrix is obtained and the reduction is 
performed over all spins besides the first spin 
and an arbitrary second one.

2. A quantum state transfer  is investigated in 
the one-dimensional spin chain.

3. It is shown that entanglement between the 
sender and the receiver emerges in the 
course of the system evolution.

4. Entanglement between the sender and the 
receiver  is studied and  conditions  of 
appearing entanglement are found. 
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Critical temperature for emergence of
entanglement
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Perturbation theory method



Mathematical Modeling and Computational Physics, Dubna - 2017 

.

00
00
00

00

,

00
00
00

00

,

000
00
00
000

,

3
2/

4
2/

1
2/

4
2/

2
2/

3
2/

2
2/

1
2/

1

1
*
2

1
*
3

31

21

2

2

24

32

1

0

2
2

10
2





















=





















−
−

=



















=

++=

−−

−

−

−

σσ
σσ
σσ

σσ

εε

ββ

ββ

ββ

ββ

β

β

ee
ee
ee

ee

M

cce
cc
cc

cec

M

A
AA
AA

A

M

MMMR

.ln61
ch

1 2

2

bbeL −<<⇒<<−= β
ε

β
β



Mathematical Modeling and Computational Physics, Dubna - 2017 

{ }

104034320243201

00

,,

,matrixofEigenvalue

AAAAAAA

Mi

==−=+=

−

λλλλ

λ



















=

2

24

32

1

0

000
00
00
000

A
AA
AA

A

M



Mathematical Modeling and Computational Physics, Dubna - 2017 

{ }

2
2

2222

10403

2
2222

1

2

1

2

243202

2

1

2

243201

00

ch
( 1)-(

ch/))1()()1((

4
1th

2
1

,
4
1th

2
1

,matrixofEigenvalue

ββ

β

ββββ

β

β

λλ

λ

λ

λ

e
)gfL (e)gfL (

A

fLgLegLfLeeR

RgLfAAA

RgLfAAA

M

N

N

i

+++
===

+−+−=







 −=−=







 +=+=

−

−

−









−











Mathematical Modeling and Computational Physics, Dubna - 2017 

)()()()( 22002
2

0 λλλελλ PPPP +=+=



Mathematical Modeling and Computational Physics, Dubna - 2017 

.
4
1,th

2
1Min

,
4
1,th

2
1Max

1

2

2

1

2

2







=







=

−









−









RgLfY

RgLfX

N

N

β

β



Mathematical Modeling and Computational Physics, Dubna - 2017 

N=4

Critical temperature for emergence of
entanglement at N=4
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N=4    _
|b|=1/√2
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