TAP CHI KHOA HQC, TRUONG PAI HQC HONG PUC - SO 29. 2016

TRANG THAI ROI LUQONG TU VA GIAO THUC VIEN TAI
LUQNG TU

Lé Pirc Vinh!, Nguyén Thi Hong?, Lé Thi Phuwong?, Cao Long Van®
TOM TAT

Tin hoc leong i va vién tai lwong tir la nhitng ndi dung nghién ciru quan trong
cua quang hoc lwong tw. Trong bai bado [1], cac tac gia da gioi thiéu nhitng khai niém
co ban ciia ba khoa hoc lién mén gom: khoa hoc may tinh, todn hoc va vit 1y. Tuy nhién
bai bdo chi gidi thiéu mét cach hét sirc tong quan. Trong bai bdo ndy, ching téi sé tdp
trung vao cdc trang thdi dan roi hrong tir, phirong phdp dé tinh do dan réi ciia cdc trang
thai va giao thirc vién tdi lirong tir - co s6 ciia mot cudc cach mang lwong ti trong tin

hoc ma chung ta mong doi trong twong lai khong xa.

T khoéa: Vién tai heong tir, trang thdi dan réi, d¢ dan roi heong tir, entropy von

Neumann, concurrence, trang thai Bell, cong luong tu.

1. DPAT VAN BE

Néu coi viéc tim ra ning lwong hat nhan véi thi nghiém ban pha hat nhan nguyén
ttr ctia Ernest Rutherford nam 1919 1a phat kién méi vé nang lugng va viée ché tao thanh
cong transistor dau tién ndm 1948 boi John Bardeen, Walter Brattain va William Shocley
(Giai Nobel nim 1956) 1a vién gach dau tién dit nén mong cho sy phat trién nhu vii bio
ctia khoa hoc va cong nghé thé ky trudc, thi viéc “phat hién” ra qubit (bit luong tir) va
dua ra cac trang thai dan roi chinh 13 khai nguén cho mot cudc cach mang hira hen sé
“nd ra” va thanh cong vang doi trong thé ky nay - cudc cich mang lugng tir trong tin
hoc. Theo dinh Iy Moore, luong thong tin ma ching ta luu trit va xu 1y dugc trong cac
vi mach s& tang gan nhu tuyén tinh theo thoi gian. Theo do, thiét bi dién tir ma ching ta
dang str dung s& ngay cang duoc cai tién nho hon nita va dung luong luu trix cling nhu
tbc do xir Iy ngay cang cao. Tuy nhién, viéc thuc hién ca hai yéu cau trén lai chinh 1a
thach thirc 16n ma chung ta khong thé vuot qua. Kho khin nay sinh chinh 1a khi con
nguoi ché tao may tinh hién nay, chung ta ludn c6 gang di tim mot hé vat 1y nhu bong
chan khong, linh kién ban dan ... dé thuc hién cac co ché dong ngét vi mach tao ra cac
bit thong tin.
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Ngay nay, tu duy ctia chung ta bat dau thay doi khi nhitng yéu cau vé luu trit va
xu 1y thong tin tang ngay mot ti€ém can vadi gidi han cua cac vi mach dién tu. Thay vi di
tim cac hé vat 1y thuc hién viéc luu trit va xtr 1y thong tin, chiung ta s€ cd géng thure hién
viéc luu trtr va xur 1y thong tin ngay trén chinh céc hé vat ly. Pay chinh l1a y tuong ban
dau cho su hinh thanh mot 1y thuyét dang phat trién manh mé hién nay 1a Iy thuyét thong
tin luong tir. Khai niém co ban va quan trong nhét ciia 1y thuyét thong tin luong tir chinh
13 qubit (bit luong tir). Thuat ngit ndy duoc dua ra 1an dau tién bai Benjamin Schuracher
nam 1995. Theo d6 thi qubit 13 mot véc to trong khong gian Hilbert hai chiéu dugc biéu
dién dudi dang [1].

|w)=al0)+5[1) (1)
Trong d0, hai trang thai ‘0> va ‘l> 1ap thanh mot hé co s6 tryc chuan, @ va b 1a
cac sb phirc thoa man diéu kién chuan hoa |a|2 +|b|2 =1. Trong khong gian Hilbert hai

chiéu, ta c6 thé biéu dién cac trang thai ‘0> va ‘l> dudi dang ma tran nhu sau:

CEHELEH o

Nhirng kién thirc rat co ban trén tudng nhu ching con gi dé khai thac nhung lai dang
dem dén cho chiing ta nhitng két qua khong ngd ma mot nguoi co tri tudng phong phi bao
nhiéu ciing khong thé nghi dén ring mot ngay nao d6 chung ta c6 thé thuc hién vién tai
lwong tir & khoang cach rat xa va ché tao thanh cong may tinh luong tir. Trong pham vi
bai béo nay, chiing t6i xin bat dau bang co s¢ dé thuc hién giao thirc vién tai lugng tir va
nhig “transistor” can thiét giup chiing ta thyuc hién thanh cong giao thirc y.

2. TRANG THAI DPAN ROI (ENTANGLED STATE) VA CACH TINH PO PAN
ROI CUA TRANG THAI

Dé thyc hién qua trinh vién tai luong tir, cac d6i twong tham gia phai chung nhau
mot trang thai dan réi cia mot cip hai qubit (c6 thé nhiéu hon 2 qubit). D6 1a trang thai
cua moét hé lugng tir bao gém nhiéu hé con c6 mdi quan hé rang budc 14n nhau.

Xét mot trang thai luong tir gdm n qubit xac dinh trong khong gian Hilbert
H=H ®H,®..®H, codang:

w) =¢,[00..0)+c,[01..0)+...+c,,[11...1) (3)

Trong d6 ¢, voi (i =1,2,...2") 1a cac hé s6 phirc thoa man diéu kién chuan hoa:
Ye| =1 @
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Goi ‘l,//>1 , l//>2 yeues l//>n 1an luot 14 cac trang thai trong cac khong gian Hilbert H |,

H,,..., H,.Khido, trang thai |y/) dugc goi la trang thai phan tach dugc néu ta co thé

biéu dién né duoc dudi dang tich tenxo cua céac trang thai ‘l,//>i c6 dang
‘l//> = ‘l//>1 ®‘l//2> ®...®‘W>n. Trong truong hop nguoc lai, néu ta khong thé viét ‘l//>
dudi dang biéu thire trén thi |y) duge goi la trang thai dan réi cua hé gdm n qubit.

Dé hiéu rd hon vé khai niém trang thai dan 161, chung ta xét trang thai cua mdt hé
gém hai qubit A va B. Vi hai bit cb dién, chung ta c6 4 trang thai 00, 01, 10 va 11. Péi

v6i qubit, ngodi cac trang thai twong (mg véi cac trang thai cd dién 1a ‘OO>, 01>, 10>
va ‘1 1> con c6 cac trang thai 1a t hop cua chiing c¢6 dang:
W) s = Coo|00) +5y | 01)+;[10) +¢; [ 11) (5)

Véi cac h¢ so phuc ¢, ¢, , ¢, va ¢, théa man cac dicu kién chuan hoa
2 2 2 2 1
el +lew| +leio| +leu| =

01 =[0)1), [10) =[1)0) va [11) =[1)1) 1p
thanh mot hé co so tryc chudn ctia khong gian Hilbert 4 chiéu H, = H, ® H, . Tuy vao

Trong do, cac trang thai ‘00> = ‘ 0>‘ 0> ,

gia tri cua céac bién do xéc sut Co0> Co1» C1o VA C;; ma trang thai ‘lﬂ> 5 S€lamot trang
thai phan tdch dugc hodc trang thai dan roi.

Vi du: Trang théi |y) = %(]OO>+|OI> +[10)+(1 1>) 12 mot trang thai phan tach duoc
vi ching ta ludn c6 thé phan tich trang thai nay dudi dang tich tenxo cia hai trang thai
trong khong gian Hilbert hai chiéu dudi dang

1 1 1
) = 200) +J01)+ 1) /1)~ {0)-[n)@ (0} «})

1

B ﬁ
Boi vi, néu trang thai nay khong phai 1a mot trang thai dan réi thi ching ta phai ludn
biéu dién duoc né dudi dang tich tenxo cta hai trang thai nao d6 trong khong gian Hilbert
hai chiéu duéi dang:

Trong khi d6 trang thai |¢) (]01> + |10>) 12 mét trong céc trang thai dan réi.

9) . =%(|01>+|10>)=(co|0>+cl|l>)®(do|0>+dl|1>)=codo|00>+c0dl|01>+cld0|10>+c1d1|1 1)

Trong do6 cac hé ) ¢» G, d, va d, phai hoan toan xac dinh. Khi d6, chung phai

thoa man hé phuong trinh rit ra tir ddng nhét thirc nhu sau:
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cod, =0, c,d, :L, cd, :L, ad, =0

V2 V2

Trong thyc té thi hé cac phuong trinh trén 13 vo nghiém, nghia 1a ta khong thé tim

ra mot su phan tich nao cua ‘¢> p dudi dang tich tenxo cua hai trang thai bét ky trong

khéng gian Hilbert hai chiéu H,. Khi d6 trang thai ‘¢> 5 YO rang la mot trang thai dan
rdi ciia hé hai qubit A va B.

Mot cau hoi nay sinh 1a li¢u cac trang thai dan 16i ¢ tuong déng nhau vé mit vat
1y? Céu tra 161 1a khong boi mdi trang thai c6 d6 dan rdi khac nhau va chinh su khac
nhau vé d6 dan rdi lugng tir do s€ quyét dinh vi¢c ching s€ c6 vai tro nhu thé nao trong
giao thirc vién tai lugng tir. Vay lam thé nao dé chung ta tinh dugc d6 dan roi ciia mot
trang thai luong tir? Mot trong nhitng cach tinh do dan rdi lwong ttr d6 chinh 1a cach tinh
bang entropy von Neumann [2].

Gia su chung ta can tinh do dan rdi cia mot trang thai hai qubit A va B dugc biéu
dién duéi dang ma tran mat do:

Pas =)y (6)
Khi do, chung ta xac dinh dugc cac vét cuc b trén céc qubit A va B nhu sau [2],[6]
P4= TrB(pAB) va POp = TrA(pAB)

Do6i voi ma tran mat do cua hai qubit p,,, entropy von Neumann dugc xéc dinh

nhu sau:

S(p.)=-Tr(p,log, p,)=-Tr(p,log, p,)=S(p,) ()

Do dan r6i ciia mot trang thai dan 1oi cuc dai s& co gia tri bﬁng 1 trong khi céac
trang thai phan tach duogc s& c6 do dan rdi bang khong.

O trang thai tinh khiét, tinh d6 dan rdi bang entropy von Neumann tuong dwong
v6i entropy Shannon ¢6 dién. Tuy nhién d6i voi cac trang thai tron, cach tinh entropy
nhu trén s& tré nén phirc tap hon, chiing ta ¢6 thé st dung cach tinh don gian hon - tinh
concurrence dugc dua ra nam 1998 bo1 William K. Wootters [3]. Pay dugc xem 1a mot
phuong an don gian vi cach tinh ctia n6 dua trén cac ma tran va tri riéng cia ma tran.

Gia sir ta can tinh do dan r6i cua mét trang thai ‘l//> , ta dua vao mot trang thai
dao spin.

7)=0,|v") ®)

Trong do, |y > 1a 1i€n hop phirc cta trang thai ‘ l//> va o, la ma trén Pauli chuyén
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Ma tran mat do cua hé hai qubit A va B dugc xac dinh nhu sau o, =‘l//><lﬂ‘ .

Khi do, ma tran méat d¢ dao spin c6 dang:
o =(O'y®ay)p*(ay®0'y) 9)
Véi mot trang thai ‘l//> , concurrence C duoc dinh nghia la:

Cly))=lv ) (10)
Hay:

Clp,) = max{0. 4, ~/Z, —/Z — 2, | (11
vacac gidtri 4 (i =1,2,3,4) la cac tri riéng ciia ma tran Hermitian:

R=puPus =P (O-y ®o, )pAB* (O-y ® O-y) (12)

Do dan rdi cia trang thai nay ciing co thé duoc mot cach gian tiép thong qua
entropy Shannon:

E(pAB)zh(#] (13)
vOi:
h(x)=—-xlog, x —(1-x)log (1-x) (14)

Ciing giéng nhu entropy, concurrence thay doi trong khoang tir 0 dén 1. Véi trang
thai phan tach duogc, do dan r6i concurrence br?mg 0, do dan rdi concurrence cd gia tri
bé“mg 1v6i cac trang thai c6 d dan 161 cuc dai.

Céc trang thai 2 qubit c6 d6 dan rdi cuc dai bang 1 (ebit) twong Gmg véi cac trang
thai Bell

1 . 1
B, =—=(00)+[11));

1 B) == (00)~11): |B.) =01 +}10) v ) ==(01)-}10)

Bay gio, chung ta s€ minh hoa 2 cach tinh d§ dan 161 ndi trén br?mg viéc tinh do

dan rdi cua trang thai:
W), = Coo| 00) + | 01) + €| 10) +¢; | 11) (15)
Ma tran mat d¢ cua hé 2 qubit c6 dang:
Co0€o0  C€00€01  Co0Ci0  CooCit
Coi€o0  Co1€o1  Coi€i0  CoiCui

Pas =\V) W= ! ! (16)

*
Cio€0 €001 Ci0Ci0 CioCin

*

* * * *
Cii€o0  C1Co1 G Ciln

132



TAP CHI KHOA HQC, TRUONG PAI HQC HONG PUC - SO 29. 2016

Khi do theo [4] ta co:

2 2 * *

(col +lewP) cucn + e

— — 00 10 00™~01 10™~1

Pz _TrA(pAB) = . . 2 2 (17)
Co1Coo T C11C10 001| + |011|
2 2
Thuc hién viéc tinh tri riéng ciia ma tran trén voi luu y Z‘cy‘ =1 chung ta thu

i,j=1

duoc hai tri riéng:

2
B _ 1+ \/1 - 4|coocn - cOchO|

(18)
,2 2

bit C = 2|cy ¢y, _001010‘ chinh 1a concurrence cua trang thai tinh khiét ‘lﬂ> B

bPéi véi trang thai tron, st dung cong thiac (12) ta cling co thé tinh duoc
concurrence C va tir d6 ap dung coéng thuc tinh do dan rdi theo entropy Shannon
nhu sau:

Hp ):(Hm}og[wﬁ}{ 1+ﬁ}0 [ 1+WJ
AB 2 2 2 2 2

5 & 1= (19)

3. CAC CONG LUONG TU DON GIAN THUC HIEN GIAO THUC VIEN TAI
LUONG TU

Tuong tu nhu trong tin hoc ¢d dién, viée xtr 1y céc bit 6 dién dugce thuc hién thong
qua cac cong logic AND, OR va NOT thi trong giao thirc vién tai luong tir, viée xir 1y
cac qubit dugc thuc hién théng qua cac cong luong tir bao gdm cac cong [4].

. . 1|11
e Cong Hadamard (thiét 1ap dua trén ma tran Hadamard): H = ﬁ{ ) J .
Céng nay co tac dung bién mot trang thai xac dinh thanh mét trang thai ma trong

d6 x4c suét ton tai trong cac trang thai ‘O> va ‘l> 1a bang nhau. Nghia la:

110 =# ][5 = ) el =n |5 |- 0)-1)

, . 0 1 \
¢ Cong NOT c6 dang biéu dien ma tran la N = L O} . Pay chinh 1a cong phu
dinh, bién trang thai ‘0> thanh ‘l> va trang thai ‘l> thanh ‘0>

. . 1 0
e (CoOng chuyén pha co dang matran la F = -
0 exp(d)
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1

0 J . Cong nay gitr nguyén

e Trong truong hop dic biét 8 = 7 tacod cong Z= {

trang thai ‘0> va chuyén trang thai ‘1> thanh -‘1> :

1 000
2 . ) 2 . . 01 00
e (Cong phu dinh c¢6 di¢u khién hai qubit CN =
0 0 01
0 010

Cdng nay hoat dong theo nguyén tic 1a qubit dimg trude s& diéu khién qubit dung

sau. Néu qubit dimg trudc & trang thai ‘0> thi trang thai cua qubit dung sau dugc gitr
nguyén. Truong hop qubit dung trude ¢ trang thai ‘1> thi qubit diing sau bi phu dinh.
CN|0}{0) =0){0), N[0)f1) = |0)j1), eN[1]0) = [1)j1), N[1fT) = [1)0)

4, SUDUNG TRANG THAI DAN ROI VA CAC CONG LUONG TU BE THUC
HIEN GIAO THUC VIEN TAI LUONG TU

Trong phan nay chiing t6i sé& trinh bay viéc thuc hién mét giao thire vién tai lwong
tr dé lan truyén mot trang thai luong tir ma khong can mot dudng truyén trang thai d6
nhu cic phuong 4n vién tai thong thuong.

Gia st rang Alice (A) mudn giri t6i Bob (B) dang & mot noi rit xa mot trang thai
luong tir ‘l//> = ﬁ 0> Lt y‘ 1> , ma cd hoan toan khong nim dugc nhimng thong tin vé no.

Gidng nhu viéc ¢6 mudn chuyén cho Bob mét hop den nhung hoan toan khéng
biét bén trong chira thir gi. C6 ciing khong thé mé ra xem boi khi ¢6 mé ra thi thir bén
trong d6 lai bién mat. C6 chi c6 thé thuc hién nhitng phép do va giri cho Bob nhitng két
quéa do theo mot kénh thong tin ¢6 dién nao do. Day 1a mot khé khan khi Alice khong
thé tién hanh do nhiéu 1an dé x4c dinh gan dang cac gié tri x va y theo kiéu xac suit phép
do. Mt khac cho du cach thirc 4y duwoc chap nhan thi thong tin thu dugc s& that thoat
boi nhitng két qua thong ké nhiéu 1an do chi thu duoc gan dung gia tri ctia x va y so voi
trang thai can gri. Tuy nhién néu Bob va Alice chung nhau mot trong cac trang thai dan
rdi (chiang han nhu trang thai Bell-co d6 dan r6i E=1) ¢6 dang:

)0 =75 (0000, 11 11),) 20

Thi muc dich trén trd nén c6 thé thuc hién duge. Khi do, trang thai phtrc hop cua
tat ca cac qubit (ca cac qubit ma Alice mudn chuyén di va cac qubit ma Bob va Alice
chung nhau trong trang thai dan rdi) lac nay 1a:
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(0 418 10,0, +11,)E101J0010, 410,310, +210 010, +-19 I,

Chua thue hién phép do, Alice tién hanh tac dung cong CN Ién trang thai hop
phan nay. Puong nhién , cong CN chi tic dung 1én nhitng qubit ma cb co (danh déu
bang chit A).

Trang thai thu duogc la:

X X y y
10,00,100, + 10}, 1, 1), + 11,1, J0), + 511,00 |,
Alice tiép tuc tac dung cong Hadamard qubit bén trai va thu duoc trang thai:
X X X X
210),10),0), + 311,10} 0), +310), 1)1}, +[1) [ 1,

Yy Yy Yy Yy
+_2_|0>A|1>A|O>B +_2_|1>A|1>A|O>B +_2_|0>A|0>A|1>B +_2_|1>A|O>A|1>B

Sau khi tach qubit ciia Bob va nhom cac phan tir lai chiing ta c6 trang thai sau:

210,100 640, 1), 5101, 100, )+ 1.0 0, o1, b1 (i, 51,

Bay gio Alice c6 thé tién hanh phép do trén trang thai cudi cing nay va duong
nhién c6 s& thu duogc cac két qua cb dién 13 00, 01, 10 va 11 véi ciing x4c suit bang 1/4.
Sau khi Alice giri cho Bob két qua do dugc trong 1an do bét ky theo mot kénh c6 dién
thi Bob chi can thuc hién thao tic voi qubit minh (danh déu bang chir B) dang c6 bing
cac cong luong tir 1a ¢6 thé thu dugc trang thai ma Alice mudn gui cho anh.

Thao tac trén 1 qubit

Trang thai can giri Al i ‘ C) — M
ICe 2
X 0 + v l < I x[0 v (1
‘ >A ‘ >A_' 1 qubit 1 qubit BOb - K‘ )B+ }‘ >]3
1 qubit
Thao tac trén 2 qubit
‘ Két qua do cua Alice I

00,01, 10,11

Hinh 1. So' @6 nguyén Iy ciia giao thirc vién tai lwong tir

Cac két qua do cua Alice va thao tac twong Gng ctia Bob dé thu dugc trang thai ma
Alice can giri duoc tong hop & bang dudi day:
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x i Thao tac cua Bob Trang thai Bob
Kétquado | Trang thai trén . o '
. ) . trén qubit cia minh thu dugc sau
cua Alice qubit ma Bob ] c
. . sau khi nhan két qua do cua thao tac trén
gui cho Bob co ) o
Alice qubit cia minh
00 x‘ 0> st y‘ 1> R Khong phai thao tac gi x‘ 0> st y‘ 1>B
01 x‘ 1>B +y‘ O>B Tac dung cong dao N x‘ O>B +y‘ 1>B
10 x‘ 0> 5 y‘ 1> » | Téacdung cong chuyén pha Z x‘ O> st y‘ 1>B
Tac dung cong chuyén pha Z
11 x1). -0 ' . A40) +1
‘ >B y‘ >B sau do la cong dao N ‘ >B y‘ >B

Nhu vy, mic du Alice khong biét trang thai lugng tir can truyén di ma chi gui cho
Bob nhing két qua do thu duoc trén 2 qubit cia minh nhung Bob van cé thé thao tac
trén chinh qubit ma anh c6 dé biét dugc thong tin vé trang thai ma Alice mudn giri cho
anh. Can phai luu ¥ rang theo quan diém cta trudng phai Copenhagen thi sau khi Alice
tién hanh do trén 2 qubit thi trang thai cta qubit can truyén di ciing bi pha v (collapse).
Diéu nay c6 nghia 1a qua trinh vién tai no6i trén 13 qua trinh chuyén di trang thai ctia qubit
can truyén chir khong phai 1a qua trinh truyén di chinh qubit d6. Qua trinh d6 hoan toan
bao mat boi trang thai ctia qubit can truyén sau khi Alice do s& bi pha hiiy con Bob thi
nhan duoc thong tin vé trang thai d6 bai chinh thao tac trén qubit noi anh dang 1am thi
nghiém. Chang hé c6 thong tin hay vat chat nao bi “danh cip” bi moi nd luc ctia “tin
tac” may ching chi 1 biét dugc két qua do 00, 01, 10 hodc 11 ma Alice giri cho Bob

0

theo kénh c6 dién. Diéu d6 that vo nghia boi “tin tic” nay chang biét Bob va Alice chung
nhau cip dan rdi nao dé thao tac gibng nhuw Bob nham thu dugc thong tin trang thai ma
Alice truyén di.

Nam 2012, mot nhém nghién ctru do nha khoa hoc Anton Zielinger da thyc hién
thanh cong thi nghiém vién tai luong tir gitta hai hon ddo cach nhau 143 km [7]. RS rang
trong mot tuong lai khong xa, vién tai luong tir s& cho phép chung ta truyén thong tin &
nhiing khoang cach xa hon va mé ra mot cudc cach mang lugng tir trong tin hoc va
truyén thong.

Mot cau héi thu vi 1a liéu c6 sy khac biét nao gitia viéc vién tai luong tr véi nguén
1di c6 d6 dan rdi cuc dai (E=1) ma ching ta ndi & trén voi vién tai lugng tir v6i ngudn
céc trang thai c6 d6 dan rdi khong cuc dai (E<1)? Chiing ta s& tra 161 cu hoi tha vi trén
béng mot so sanh thu vi khac. Hay tudng tugng réng viéc thuc hién vién tai lugng tir
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dung nguén trang thai 161 c6 d6 dan rdi cuc dai giéng nhu viéc ban dung mang dién thoai
c¢b dinh (c6 ddy) con viée vién tai luong tir c6 nguodn réi khong cuc dai gidng nhu viée
ban dung mang di¢n thoai di dong (khong day). Néu ban st dung mang dién thoai c6
day, ban c6 thé dam bao viéc truyén tai thong tin la chic chan thue hién dugc gitra ban
va nguoi nhan ma vai tro cta ngudi diéu hanh hé thong 1a mo nhat va kha nang bao mat
khong qué cao vi ban co thé bi nghe 1én mot cach dé dang. Tuy nhién néu ban sir dung
mang dién thoai khong day, cudc goi ctia ban doi khi c6 mot chit truc triic (do 16i mang)
nhung vai trd ctia ngudi diéu hanh (nha mang) 1 rat 1 rang va thé hién rit rd quyén luc
ctia ho trong viéc didu hanh qua trinh truyén thong tin. Tuy nhién vu diém cta mang nay
do6 1a tinh bao mat cao hon so voi mang dién thoai day.

5.KET LUAN

V6i sy xuét hién cta trang thai dan r6i va giao thirc vién tai luong tir, chiing ta
hoan toan cé thé nghi dén mot cude cach mang thong tin lugng tir trong twong lai gan.
Tuy nhién, viéc tao ra céac nguén roi cuc dai 13 hét stc khé khan. Do do, xu hudng tat
yéu hién nay 1a nghién ctru cac qua trinh vién tai luong tir c6 diéu khién str dung ngudn
rdi khong cuc dai. Trong cac bai bao tiép theo, ching t6i s& tiép tuc gidi thiéu vé cach
thire dé tao ra céc nguén 161 ¢6 d dan rdi cao va viée sit dung cac nguén roi khong cuc
dai vao qua trinh vién tai lugng tu.
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ENTANGLED STATE AND STYLE OF QUANTUM
TELEPORTATION

Le Duc Vinh , Nguyen Thi Hong, Le Thi Phuong, Cao Long Van

ABSTRACT

Quantum computation and quatum teleproration are important parts of quantum
optics. In article [1], the authors introduced several conception of three related
sciences: computer science, mathematics and physics. However, the conceptions that
were introduced are very fundamentially. In this paper, we will concentrate in quantum
entangled state, the method to caculate entanglement of quantum states and style of
quantum teleportation — foundation of quantum information science revolution in
nearly future.

Keywords: Quantum teleportation, entangled state, entanglement, entropy von
Neumann, concurrence, Bell state, quatum gate.
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