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VOI TRANG THAI HAI MODE KET HQP SU(1, 1) THEM HAI

VA BOT MOQT PHOTON LE
Biii Thi Nhur Nga*
Truwong Minh Dirc*
Hb Sj Chuwong?
TOM TAT

Trong bai b4o nay, ching t6i nghién cizu tinh char dan réi cua trang thai hai
mode két hop SU(1, 1) thém hai va bét mét photon lé bang si dung tiéu chudn dan
roi Hillery-Zubairy va dinh lwong do roi bang tiéu chudn Entropy tuyén tinh. Két
qua khdo sét cho thdy trang thai nay 1a trang thai dan réi manh va mire dg dan roi
phu thugc vao viéc thém va bét photon 18n hai mode két hop SU(1, 1) lé. Khi siz dung
trang thai hai mode két hop SU(l, 1) thém hai va bt mét photon Ié 1am nguén dan réi
dé thuc hién qua trinh vién tai mét trang thai két hop, ching tdi nhdn thdy rang qua
trinh vién tdi lwong tir duroc thuec hién thanh cong véi dé trung thyc trung binh Fav
nam trong khodng ter 0,5 dén 1.

Tir khoa: Trang thai hai mode két hop SU(, 1), tiéu chudn dan réi Hillery-
Zubairy, tiéu chudn dan réi Entropy tuyeén tinh, dé trung thuc trung binh va qua
trinh vién tai hrong tie ’ ’

1. Mé dau xuat ra trang thai két hop vao nam

CUng véi sy phét trién cua khoa hoc - 1963, ky hiéu Ia |a>. Day la trang théi
ky thuat, linh vyc thong tin lién lac
ciing khong ngung phét trién. Con
ngudi khdng nging cai tién cach thic
truyén thong tin tir noi nay sang noi
khac ma van dam bao tinh chinh xac,
bao mat. Van d& lam thé nao dé truyen
tin hiéu lugng tir di xa ma van dam bao
tinh loc lya cao va giam dugc cac thang
giang luong tir dén muc thip nhat dang
dat ra cip thiét cho cac nha vat ly ly
thuyét ciing nhu thuc nghiém.

Glauber va Sudarshan [1], [2] da dé

|\P>ab =N (é+2 + 6)(|l/j>ab _|_l//>ab)’ 1)

g Véi thang gidng luong tir nho nhat
suy ra tir hé thic bat dinh Heisenberg.
Vao nam 1991, Agarwal va Tara [3] da
dé xuit ¥ tuong vé trang thai két hop
thém photon, va viéc thém va bat photon
vao mot trang thai vat ly 1a mot phuong
phap quan trong dé tao ra mot trang thai
phi ¢6 dién mai. Trang thai hai mode két
hop SU(l, I) thém hai va bét mot photon
I¢ duoc dinh nghia nhu sau:

trong d6 |y) la trang thai hai mode két hop SU(1, 1) duoc Perelomov A. M. dua

ab

ra nam 1972 [4], &"(4) va b* (6) Ia toan tir sinh (huy) photon cua mode a va mode
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Trong biéu dién cac trang thai Fock, trang thai hai mode két hop SU(1, 1) ¢6

dang:
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Tir d6, trang thai hai mode két hop SU(I, 1) thém hai va bét mét photon 1¢ c6

n+q
nlql

dang nhu sau:
- a3

X(1—|§|2)+2§{(”+q)!

nlg!

}[ 1) ]Zgznx[n+(n+q+1)(n+q+2)]}

} [1-(-" ]

(4)

x{\/n+q+2\/n+q+1|n+q+2)a|n)b+«/ﬁ|n+q)a|n—1)b}.

Viéc truyén tai théng tin théng qua
st dung tinh chat dan réi dwoc goi la
vién tai luong tir. Vién tai luong tor 1a
moét quéa trinh dich chuyén théng tin
cling nhu vét chat mot cach tac thoi, ma
khéng phai dich chuyén qua khong
gian. Qué trinh nay dugc thuc hién bang
cach giai md mot thong tin & dia diém
nay roi guri thong tin t6i dia diém khac,
noi thong tin s& dwoc téi tao lai ciu tric
ban dau. Vién tai lugng tir c6 thé duoc
khai thac dé 1am cho méy tinh lugng tir,
mang lugi vién théng tré nén nhanh,
manh va bao mat hon. Bé nghién cau
vién tai luong tir, cdc nha khoa hoc
dang tap trung khai théac réi luong tir va
viéc nghién ctu tinh chat dan réi dong
vai tro quan trong trong qua trinh tao ra
ngudn tai nguyén ri tir d6 tim ra ngudn
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rbi co do trung thuc trung binh cao nhat.
Nhan thiy cac khao sat vé trang thai
dan r6i va vién tai luong tur 12 mot van
dé thi vi, vi vay trong bai bao nay
ching tdi tién hanh dinh lugng d6 rdi va
vién tai luong tir véi trang thai hai
mode két hop SU(, I) thém hai va bét
mot photon lé.

2. Nghién ciu tinh chat dan roi
va dinh lwong dd réi caa trang thai
hai mode két hop SU(1,1) thém hai va
bét mot photon lé

Pau tién chdng ti nghién ciu tinh
dan réi cua trang thai hai mode két hop
SU(l, 1) thém hai va bét mot photon l¢
theo tiéu chuan dan rdi Hillery-Zubairy
[5]. Piéu kién dan rdi tong quat duoc
biéu dién bang bét phuong trinh sau:
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A\ (R )" a+\" [ a\M A\ R\
(& ()] = () @r){(5)(5)) ©
Theo Hillery-Zubairy thi mét trang I¢ bing khdng, trong khi vé trai ludn
thai bat ky bi dan réi néu trung binh  khéng am. Do vay khéng c6 tinh dan
trong trang thai d6 théa man bat dang  rdi trong trwong hop ndy. Khi m = n,
thie (5). Néu m = n thi tri trung binh & dat n = 2k (chon k = 1) va dua vao tham
vé trdi trong biéu thuc ung voi trang s dan rdi Ry dudi dang:
thai SU(l, 1) thém hai va bét mét photon
(&%)

R, = (a"a)(b'b) -
Trang thai dan rdi néu R; < 0 va  trung binh trong trang thai hai mode
R; cang &m thi mtc d6 dan r6i cang  két hop SU(l, 1) thém hai va bét mot
tang, con nguoc lai néu Ry > 0 thi photon I¢ ta co:
trang thai d6 khong dan réi. Khi tinh

R = |N |4 (1_ |§|2)2(1+q) g((n-F Q)'j [1_ (_1)n:|4 |§|4n

n'q!

2

. (6)

x| (N+q+1)*(n+q+2)° +n(n+q)(n+9-1) |
x[n(n-1)(n+q+1)(n+q+2)+n(n-1)(n-2)]

“IN |4 (1_|§|z)2<1+‘1) g[(m Q)!j [1_ (_1)n]4 |§|4n

nig!

()
52

‘2

x[(n +g+1D)(n+qg+2)(n+g+3)(n+g+4)+n(n+q+1)(n+q+ 2)]2 ,
véi hé s6 chuan hoa N dugc dua ra trong biéu thic (2). Trong phwong trinh trén
& =—tanh(0/ 2)exp(-ip).Dé thuan tién cho qua trinh khao sat tinh dan réi, ching
t6i chon cac thdng sé g=r; 6=2r; r >0, ta dugc & = tanhr.
0

=201
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Hinh 1: S phu thugc cua tham sé dan réi R vao r véi gia tri q = 1 (dwong
lién nét), q = 3 (dwong dirt nét), q = 5 (dwong cham cham)
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D thi cho thiy R < 0 v&i moi gia tri
clia r va q, nghia 1a diéu kién dan réi
lubn thoa mén. Vay trang thai hai mode
két hop SU(, 1) thém hai va bét mot
photon ¢ 14 trang thai ri hoan toan.
Hon nita, cac dudng cong di xudng cho
thdy mtc d6 dan rdi ting manh khi r
tang. Khi xét cac gi trj tham s6 k va q
pht hop thi trang thai hai mode két hop
SU(1, 1) thém hai va bot mot photon lé
dan réi hoan toan theo tiéu chuan dan rdi
Hillery-Zubairy, nén trang thai nay cé
thé 1am nguén dan rdi cho qua trinh vién
tai lugng tor. Tiéu chuan dan réi Hillery-
Zubairy chi nhu 13 diéu kién du khi danh
gia do dan rdi, do d6 chung ta can kiém
tra lai cac két qua trén bang mot phuong

P=|¥)y (¥

ab ba<

~INF -l )“qz[(””)} [1-(1y]e Z{(””q)} [1-(-)" )™

phap khac doc lap vai cach trén.

Pé danh gia cip do dan réi cua
trang thai hai mode két hop SU(1, 1)
thém hai va baot mot photon 1€, ta sir
dung tiéu chuan Entropy tuyén tinh [6]:

E,.

lin

=1-Tr(p?), (8)

trong d6 Tr(p2) Ia phép lay vét ma
tran mat do rdt gon binh phuong. Mot
trang thai dan réi cang manh néu Eji,=1,
truong hop E;in=0 tuong tng Vvai trang
thai khong dan rdi. Xét trong truong
hop tong quét, ma tran mat 46 p cua
trang thai hai mode két hop SU(1, 1)
thém hai va bt mot photon Ié ¢ dang:

©)

x{Jn+q+2Jn+q+1|n+q+2,n>ab+Jﬁ|n+q,n—1>ab}

x{ba<m,m+Q+2|\/m+q+1\/m+q+2+ba(m—l,m+q|\/ﬁ},

Tir d6 suy ra Entropy tuyén tinh ciia trang thai hai mode két hop SU(1, 1) thém

hai va bt mot photon 1€ c6 dang:

E,, =1-Tr(p%),

=1-|N[* @ |¢] )““‘”ZE(mqq)J @- D" g™ (10)

x(N+q+1)*(n+qg+2)° +2n(n+g+1D)(n+q+2)+n?).

Pé thuan tién cho viéc khao st biéu thuc ta chon cac thong sé ¢=r, 6=2r, r >0,

ta duoc & = tanhr. Ta c¢d db thi chi ra sy phu thudc ciia M vao r nhu hinh 2.
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Hinh 2: Su phu thugc ciia tham s¢ M vao r véi gid tri =5 (duwong lién nét),
q = 3 (duwong dirt nét), q = 1 (dwong cham cham)

Két qua d6 thi hinh 2 cho thay trang  bang tiéu chuan Entropy tuyén tinh thi
thai hai mode két hop SU(1, 1) thém hai ~ nd hoan toan phu hop tinh dan réi nham
va bt mot photon I¢€ la mot trang thai khang dinh thém trang thai hai mode
dan rdi. Khi bién do r cang 16n thi mac ~ két hop SU(I,1) thém hai va bt mot
d6 dan rdi cang tién nhanh vé 1 didu  photon I¢ 14 trang thai dan réi manh c6
nay chiing to mic dan rbi dat cuc dai  thé 1am ngudn rdi cho qua trinh vién tai
(Eiin=l) néu ta chon cac théng sé phd  lwong tr & phan sau.
hop va théa mén diéu kién dan rdi dé 3. Qua trinh vién tai lwong tir Véi
thuc hién nhiém vu vién tai luong ti. trang thao hai mode két hep SU(1,1)
Nhu vay, & phan nay ching t6i thdy  thém hai va bét mot photon 1é
rang trang thai hai mode két hop SU(I,I) Pé thyc hién quéa trinh vién tai
thém hai va bst mot photon I¢ dan rdi  lwong tir mot trang thai két hop theo mo
theo tiéu chuan Hillery-Zubairy bac hinh toa d¢ xung lugng [7], ching ta st
cao. Mit khac, khi tién hanh dinh lwong ~ dung ngudn dan réi 13 trang thai hai
d6 roi trang thai hai mode két hop  mode két hop SU(I, 1) thém hai va bat
SU(l,I) thém hai va bot mot photon lé mot photon Ié nhu sau:

|¥), = N(1—|§|2)+2§{M} [1-(-D" ]&"

nlq! (11)

x{\/n+q+2\/n+q+1|n+q+2>a|n>b+\/ﬁ|n+q>a|n—l>b},

trong d6 N 1a h¢ sb chuan hoa di dua ra mode a va ¢ dé do thong tin vé muc do
trong biéu thirc (2). Sau do, Alice ding dan réi gitta |\P>ab va |7/>c dua trén hai

mot phép do trang thai Bell ©0 hop hai e 2 va ¢
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1
ﬁ
< (B(X,P)|= Z (k.k|D; (B).

|B(X’P)>ac: c(ﬂ)|k’k>ac

; M

(12)

Khi phép do t6 hop hoan tat, trang thai tich |\¥')  _sup d6. Do Bob va Alice ciing
chia sé trang théi réi nén Bob ¢4 trang thai dudi dang:

|\P> :ac<B(X’P)|LP>abc

abc,B

1 2
_ﬁx N(1—|§| )

1q
2

ii{(n-}_q) :| (_1)n:|ggn

(13)

x{Jn+q+2Jn+q+1ac< ,k‘D*(,B)‘n+q+2> ),
+d (KB (B +a) [n-1) 7).

Bay gio, bén Bob ton tai trang thai tng voi mode b chira cac théng tin vé mode
¢. Trang thai cudi cung thu duoc trong qué trinh vién tai do la:

| >abc out gﬂ)| >ach
1 = 1 2
= xN(lL- |§| )2 exp :5'7’ ﬁ?’ exp(——|y—ﬁ| )
Iz 2
i 2|: ( 1)n:|é:n (7/ ﬁ)n+q+2\/ 2\/ 1D ﬁ)| > (14)
X - == n+Qq+2yn+q+
ar n'qI ,/n+q+ | | &
n+q
( p) JnD(gp) In-1), }
n+q!
Qua trinh vién tai lic nay di hoan 4. Po trung thuc trung binh caa
thanh, dé danh gia mic do thanh cong qua trinh vién tai lwong tir
cua qua trinh vién tai ching ta dya vao b6 trung thuc trung binh trong qua

d6 trung thuc trung binh Fav ma chung trinh vién tai dugc x4c dinh qua biéu thuc:
t6i dua ra & phan tiép theo.

F

- _H(y|ly>out dZ'B'

Qua trinh vién tai thanh cong néu  théa man diéu kién 1/2<F, <1,

av. —

o(¥]¥), [

d’s
(15)
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trong d6 qua trinh vién tai 1a hoan hao
néu F, = 1. D& thuan tién cho viéc
khao sat biéu thuc (15) ta chon cac

F,, =16|N|" (L— (tanh r)?)=“ exp(—|7| ) Z

7" (2k+q+3)(2k+q+2) . ™ (2K +1)

thong s6 @=x,60=2r,r >0, Véi &
tanhr va n=2k+1, ta c0:

2k+1 2(2k+1
((2 k+ 1+|q)l (tanh 1)
L(2k +1)%2k (16)
7E2(2Kk+1)!

|

(2k+1)!

| |2(2k+1)
{(Zk 1)|(2k+q +3)(2k+qg+2)+
|7|2(2k+1)
(2k+1)! 2k +2
1.0

0.8}

;% 0.6F

= 0.4t

0.2F
0.0 h 1

0.0

Hinh 3: Su phu thugc cia Fav vao r véi gia tri ¢ = 6 (duong lién nét),
g = 7 (duong dirt nét), g = 8 (duong cham cham)

Do thi hinh 3 cho ta thiy néu céc
gia tri cua tham sé g duoc chon phi hop
thi Fav nam trong khoang 0,5 < Fav <
1, tac la qua trinh vién tai luong tir mot
trang thai két hop da dién ra thanh cong.

5. Két luan

Trong bai bao nay, chung téi st
dung tiéu chuan dan rdi Hillery-
Zubairy bac cao va tiéu chuan Entropy
tuyén tinh dé khao sat tinh dan rdi cua
trang thai hai mode két hop SU(l, 1)
thém hai va bt mot photon 1é. Két qua
khao sét cho thay vai trd cua viéc thém
va bdt photon vao trang thai hai mode
két hop SU(I, 1) Ié rat quan trong va
trang thai mdéi duoc tao ra la mot trang
thai dan rdi hoan toan. Sau d6, ching
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t6i sir dung trang thai hai mode két hop
SU(l, 1) thém hai va bét mét photon lé
lam ngudn dan rdi dé thyuc hién vién tai
lwong tir mot trang thai két hop va danh
gid muc do thanh cbng cua qué trinh
vién tai thong qua d¢ trung thuc trung
binh. Két qua khao sat cho thdy qua
trinh vién tai lwong tir mot trang thai két
hop la thanh céng véi do trung thuc
trung binh caa qué trinh vién tai nam
trong khoang 0,5 < Fy < 1 tuong ing
Vi bién do két hop r bé. Tuy nhién, voi
bién do két hop r 16n thi @6 trung thuc
trung binh cia qua trinh vién tai la
tuong ddi bé va phu thudc nhiéu vao
céc tham s dua vao.
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INVESTIGATING THE ENTANGLEMENT AND THE QUANTUM
TELEPORTATION VIA SUPERPOSITION OF TWO-PHOTON
ADDED AND ONE-PHOTON SUBTRATED TWO-MODE SU(1,1)
ODD COHERENT STATE
ABSTRACT
In this paper, by using the Hillery-Zubairy and the Linear Entropy criteria, we
investigate the entanglement property of the superposition of two-photon added and
one-photon subtracted to two-mode SU(1, 1) odd coherent state. The results show
that the degree of the entanglement of this state depends on the adding and
subtracting photons to the odd two-mode SU(1, 1) coherent state and this state is
strongly entangled. We found that the teleportation process for quantum
teleportation was successful with the fidelity ranging from 0.5 to 1 by using the
superposition of two-photon added and one-photon subtracted to two-mode SU(1, 1)
odd coherent state as an entanglement resource.
Keywords: Two-mode SU(1,1) odd coherent state, Hillery-Zubairy criterion,
linear Entropy criterion, entanglement and teleportation
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