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Quantum Communication

t =20

Page 2



Quantum Communication
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Quantum Communication - Teleportation
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Quantum Communication - Quantum State Transfer

ALICE BOB

Bose, S., Contemporary Physics, 48(1), 13-30
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Model & Goal

e Strong JC interaction between qubits and nearby bosons

* No interaction between qubits and bosons

“State of Alice’s qubit can be transferred to Bob’s qubit through the bath”
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Basic Theory

Degenerated multimodes Jaynes Cummmings model is defined :

N N

—~ w

R==l6,+w ) ala+ ) gi(alo +ao)
=1 =1

al: real space boson creation operator

l
0; : qubit’s Pauli operator
w : boson modes degenerate frequency
wq : two levels frequency difference

g; : coupling strength

Transform hamiltonian as only a single mode interact with qubit,

N-1
7 % Pt Pto— 1 Bt 7t
7 = =16, + wbth + g, (bto~ + bo )+a)Zdidi
=1

bt : bright mode boson creation operator
c?;r . i'" dark mode boson creation operator

9p = / ?’:191'2

Nuovo Cimento. D 19.5 (1997): 749-752
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Basic Theory

This effective Hamiltonian shows only single bright mode interact with qubit.

bt
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Extend to Our Situation

* Nondegenerated modes

* Two qubits
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Bright Modes Approximation

The Hamiltonian we can have in real space is

N

~ n n n _ n At - n

H = Z c;rhijcj + Z ggi(cfaA + ciaj) + Z gl’;i(ci o + cl-ag)
ij=1 = i€Sg

However it can always be transformed to eigenmodes of bosonic system,

N N
}T = Z a)kd,tdk —+ Z gAk(dkO-A + ClkO' ) + Z gBk(akaB + aka )
k=1 k=1

gak—zgal ik (a=A4,B) wk_zulk

IESy

At regime gax , 9k > Owy , the hamiltonian can be approximate to
nondegenerated multimodes JC model.
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Bright Modes Approximation

N N N

o At A At A At A

H = z Wy A, Ay + z gAk(akaA + akqj’) + z gBk(akaB + akag)
=1 k=1 k=1

But gax # ggr prevents to express with single bright mode. Instead we can
express with two bright mode.

We define,

9p = / 1]¥=1931k = 4/ 115:1912%

9Bk~ Kdak

gr.k = 9b \/Z K= ?’:19:1,ng,] /9

2
ialgpj—Kgajl

— 1 N *
= g_IzJZk=1 9arkdprk

Page 11



Bright Modes Approximation

o Q@“BJ b, + ng)B;f b,
+gp(bYo; + bia})
+9p (rBjag + I*byof)
+9p/1— |F|2(B;0'§ + byof)

+yN-2aPatd,

1 _ 1N 2
Q, _g_gzk=1wk|gA,k|

2 _ 1 2
Qb —g_§21¥=1wk|gp,k|

9p = \/2112]:1 gflk = \/ZIAY:1 gék

['= gizz) P 9axdp k ; Overlapped factor
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* Bright modes

-+ Interaction between Alice and first bright mode

-+ Interaction between Bob and first bright mode

-+ Interaction between Bob and second bright mode

-+ Dark modes

Ib 5151 IplT]|

o

bib, gp\ 1 —T|?
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Bright Modes Approximation

The expectation number of bright modes is defined

N 1

’\-l-’\ 1 2 ,\'I'A T,ﬁ—>0
(b by ) :_zz|gA.k| (@) — 0
9p =1

. k=1 k=1
N
R 1 T—=-0
(B352) = — ) gpil (@fai) —— o
=t
9b BIB1 IplT|

@Iat vacuum‘\'/'/'/\w
blb, g1 -T2

at vacuum

Only five states participate :
{l{,0,0,1)} and
{lTl 0)0) l)l |l) 1)OI l)l |ll 0111 l)l |ll OIOI T)}

Page 13



Extreme Regime: I'=1

As most of natural systems have ohmic spectral density, we choose a situation with

J(w) ~w

w; = wol, g ® = goVi
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Average Fidelity
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Extreme Regime: I'=1

. _A(B .
w; = woi,gi " = goVi

“W»  pTh, W@
9b 9b

at vacuum
N:5, go/wO:1o, r:1, kBT/hCUO:O N:5, go/wO:10, r-——'1, kBT/h(,UO:25
1 1
0.9
0.8
— Exact ----- Approximated
0.7
0.6}
0.5}
0 1 2 3 4 0 1 2 3 4

ﬁgbt/n \/Egbt/n

Well approximated with single bright mode interaction.
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Average Fidelity
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Extreme Regime: I'=1

. _A(B .
w; = woi,gi " = goVi

at vacuum
N=5, =1, kg T/hwy=0 N=5, =1, kgT/hwy=2.5
1_
0.9¢
0.8l — golwp = 0.01, €=Z'k":127i§
— go/lwp=02 ,e€] Z/Ci127i§1\/§gb]
i — golwo=10 ,e=v2g,
0.6}
0.5¢
0 1 2 3 4 0 1 2 3 4
et/ et/

More protected to the temperature than other gy /w, values.
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Extreme Regime: I'=1

“W»  pTh, W@
9b 9b

at vacuum

go/w0=10, r=1

— N=1 — N=5

kg T/hwy

More interacting number of bath particles, more protected transfer.
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Average Fidelity
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r #1
9b gp!T| gy 1—|T|?
WY (b W <« |),
at vacuum at vacuum
N=5, go/Jy=10, [=0.32, ks T/hJy=0 N=5, go/J=10, [=0.32, ksT/hJy=1.5

o
©

o
®

— Exact ----- Approximated

o
\]

o
o))

0 2 4 6 8 10 0 D 4 6 8 10

V2 gptlt V2 gpt/TT
Well approximated with two bright mode interaction.
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V2g5]

r 1
9b gplT| gp 1 —|T|?
at vacuum at vacuum
N=5, [=0.32. kgT/hJo=0 N=5, [=0.32, kgT/hJy=1.5
1 1
0.9} 0.9}
£0.8 0.8 n 26
g O .Or e golJo =0.01,e= Zk:1 "y
i :
0 0.7 0.7} — il =0.2 ,ee[zﬁf—jf,
()
g 0.6} 0.6} — Goldo =10 ,E=\/Egb
0.5} 0.5}
0.4} 0.4}
0 2 4 6 8 10 0 2 4 6 8 10

et/ et/

More protected to the temperature than other go/wg values.
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I' Dependence

N:5, gO/JO:1O= kBT/ﬁJO=1 5

o
©

O
0

Average Fidelity
o o
(o)) ~

O
on

Q
N

0 2 4 6 8 10
«/Egbt/n

— [=1.00 — =0.32 — ['=0.14

[' = 0.2 to get high fidelity on the similar time scale of I' = 0.2.
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Summary

b gpT| g1 —1|T|?
O i S @

at vacuum at vacuum

 When the coupling between the eigenmodes and qubits are stronger than the
difference of eigenmodes, the model can be approximated to two bright modes
interacting with qubits.

* At this regime, state transfer is protected not only T=0 but also at higher
temperature depending on system particles number N.

* When the overlapped factor I' is more than 0.2, state transfers with high fidelity
at 1/g, time scale.
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