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Quantum informati

Examples of quantum information
networks Include the quantum internet, In
which nodes are quantum computers and
guantum routers and edges are physical or
wireless connections between them.



TR . s

* NPIEE ERSEIIXAPIE, PIET R
AP E R E R R T, &, )t
TEHEEITETR. PHIOARKH
2% R 18] B AH AR A B B EAITHY

EFREFT —AREIRT (R2

I) fef. XEFEMR T T RLZIHE

S’JE%%, HAEM S P R T EEAE

ll"”l




E

i
i

@Ef%?v
RS

., T teleportation
SR (F N E

:3*Amﬁm@%ﬁmﬁﬁﬁ;%

B — M2 .




2 W% H‘J%ﬁﬁi%ﬂ‘zg\

 G. Bianconi, 1 A -L Barabdsi, Phys.
Rev. Lett. 86, 5632 (2001) ZEO01=E LA
R_HTE ?-jx’z'?lﬂé%%ﬂ#’ﬂé?m%&fﬁi
%E’J@A H Tj%ﬁ’]ﬁ/bﬂ% N
ﬂ] IVAzE j. - r3H 5 2R

. MBS B ’mﬁfkﬁ%;?lﬂl%ﬂ‘]%
FM 1 R B O S R B A RERR . B )
M BN ¥ FME TR IR Z B
« BETMBRFIERINZ D




R ) AR

o [HJZ 51 W% [A] 25 it o 2% 55 K AN [A]
(AN A Fh MR Jo 10 DX ) T A P9 2% 1)
AL, Bl S R B 2
Jax. HILHI T =471, =
HA;%H’ @?ﬁlﬂo

— NS H I ] @ ane] $25 EE E
RE PR B VH AH




e 1
B,

MY 24 5% . 2004558 UL R4 3 2
WRAG 52 [ FIL S A B ) B9 Bl B K
KN B2 W, e EREE R Y B
tlf 5% B HU/ﬂﬂ%w =T A (YA
PREOR D INBEDIE, DT = i) 2 2 T i 11
250N, M mﬁnﬁ 5| S S AR 25
FER R RE. A5 R A E . aiR] A g A
AT R 515K B TS T AT




®, > Q.
O, > @,

(Dn — (Dn'




HtaREFHMET?
A Crucial Problem for Quantum
Computing Is Decoherence
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Schrodinger 22T
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For a isolated and closed system,
the Intrinsic entropy is' (never)
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Time Evolution Paradox& 153l

I 1X Schrodinger or quantum Liouville
equation ANFEMFREANRITETE, A HEME
RT3 TR AL) At A A iR
AR PR AR =T (GE1) 17
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SE for Quantum Open System

From original SE to SE of qguantum open system:
192 _ (H, + AV )
ot .
U

= (HO T ZVC )(Dproj

i a @ proj
ot
i a @ ;roj
ot

= (HO + ﬂ“DV )(D;)rroj
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Complex spectrum
for Self-adjoint operator H
P = ¢oe_th i ¢Oe—(ia+iﬂ)t
_ ¢Oe—iat+ﬂt

Wherea + 14 tis an complex eigenvalue of H
In a Rigged Hilbert Space.



SKE &I 7 DF(2001)

* One of Interesting advantages to use the
above formalism Is to construct a precise
decoherence-free (DF) subspace.

e |t Is marvelous that the projected space
on which subdynamics works IS just a
kind of DF subspace naturally by
choosing proper basis.
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(Ho +H.C)=> (¢, [H, + H,C) ¢, )| )]

n

where in projected space the eigenvector is invariant :
(Ho+H,C) ) = (E2 + (4, [H.Cl4,)) 4,)
Ho|¢,)=En| )

|, ) is an invariant eigenvector for (H, + H,C)and H,



Stabilize Quantum Computing:
Using the property of eigenvectors
In the projected subspace

/|

(Hy-+H€)4,) = (EC + (¢, [H.C|4,)] )
Hsldy) =E,|4,)




1

o {Hi2, ANMEEMARSIE T ER .
el e Al e e ?

jjlﬂzﬁaﬂk fTﬁJ&HTIEﬂ K571, %

T HH etk —

%EP* fiff EI’J??/L/%%?FHQJT&

15 e 1) 4

Ve A A B 1) TH B AR SRS S A P RE o

« BT KT =18 L IE AH T

H

& H] BE AR 2 1L

RS —









T

Physical

magnetized or heterostructure
high-g layer quantum well

back gates



S2, such as ,
two 3P confined e
QiSHicon heterostructure of "an
BRIsresonance transistor or the

BASEconfined In two guantum




Hamilto
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Using quantum states

e Using the relationship between S:-S: and the
square of the sum of Siand S:,the eigenvalues
and eigenvectors of S+ -S2 can be found from

1 3
Sl'SZ :E(SZ —Ej

giving :
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Quantum CN

A quantum control-Not (CN) gate can be given
by the sequence of operations (D. Loss, 1998),

U - ei(ﬂ/Z)Sf e—i(n/Z)SZZU i.\/NZeiﬂSlZU g/wz

where U, Is an ideal swap operator which can
exchange the quantum states of qubits 1 and 2.
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The swap operatc

It can be determined generally by
evolution operator by adjusting
coupling time between the two spins in‘the
evolution of the system:

il s(z)dz S
Uy, = b o3 e Mg g

4\¢4




The environment
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Total Hamiltonian

Then, the Hamiltonian for the total system is

H(t)=H.(t)+ H, + AH_
where the environment i1s assumed to consist of

a set of two-level particles randomly embedded In

an environment Z
Hg = z @O
K

The Hamiltonian coupling the two qubits spin
system IS
AH = Z (51Z T O'szgkUk+ T gko-k_)

k



Inter

The Hamiltonian coupling the two qubit spin 5

system IS

MH, =Y (o7 +02)g.or + 9.0y )

k
where o, and o, is raising/lowering operator
for the kth two-level particle, characterized by a
generally complex coupling parameter 9 « .
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The corresponding complete set of
elgenvectors for

H (t)+ H,
IS denoted as

Hi}® 6, )8, ® K1}



The elgen-projectors

To control the induced decoherence, we
choose the time-independent eigen-
projectors of

H.(t)+H,

P =| 1) | ® k(K

Qu +Py=1 for n=1234
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e |f there IS nO Interaction,

4

®k(t)zz<¢nk ‘Hs(t)+ HB‘¢nk>Pnk
e |f there is the interaction,
® k(t): ni:l <§0nk ‘H s(t)+ H B‘(onk >Pnk

1
2 H | Q, H i |0, )P

1
+ ZZ<§02k ‘H intQZk E2k - szH (t)Q2k szH int |(02k ﬁPZk
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Triangulation

For cancelling this phase shift, we
consider the triangular decomposition In
the upper-triangular or lower-triangular

subspaceas, respectively

e utri dtri
Hint d Hint T Hint



The upper-triangular (or lower-
triangular) subspace to k
Then we get:

| . 1 | |
(Dn HitrjmtrI r Hi?lm Hil#lt” + Hi?\t” gpn I:)n
(0w 1H2 t)Enk<(t)>—anH<(t)>an( t 0w )P

utri 1
" E () -Q HWBQ,

| 1 |
_dtl‘l H _utrl P
Int Enk ((t) . an H ((t))an Int ‘ ¢nk > nk

- <¢nk ‘H Hi(:ttri ‘ ¢nk>Pnk

+ <¢nk ‘H

=0
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