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Tém tat: Trong bai bao nay, ching toi nghién cttu tinh dan réi, dinh
lugng do r6i va vién tai lugng tit véi trang thai hai mode két hop SU(1,1)
thém mot va b6t mot photon. Két qua thu dude 13 trang thai hai mode
két hop SU(1,1) thém mot va b6t mot photon thé hién tinh dan rdi theo
tieu chuan dan r6i Hillery-Zubairy. Ngoai ra, trang thai nay con thé hién
tinh chat dan r6i cao theo tiéu chuan dinh lugng do roi Do dong quy.
Khi sit dung trang thai hai mode két hgp SU(1,1) them mot va b6t mot
photon lam ngudn dan réi dé vién tai mot trang thai két hop, ching toi
nhan thay ring qua trinh vién tai thanh cong véi do trung thyc trung
binh F}, théa man diéu kién vién tai Fj,, > 0.5.

T khéa: Trang thai hai mode két hop, Tinh chat dan réi, Vién tai
lugng ti

GIOI THIEU

Ngay nay, cling v6i sy phat trién manh mé ctia khoa hoc ki thuat, trong linh vic cong
nghé thong tin, lam thé nao dé truyén tin hicu di xa ma vAn dam béo tinh loc lya cao va
giam dugc thang giang dén mitc thap nhat 1 van dé cap thiét cho cac nha vat 1y 1y thuyét
cling nhu thic nghiém. Trong do6, rdi lugng tit va vién tai lugng ti 13 nguon tai nguyén cé
gia tri dap tng cho yéu cau nay.

Trang théi hai mode két hgp SU(1,1) duge dinh nghia nhu sau [1]
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trong d6 &€ = — tanh(0/2) exp(—ip); (0/2) = r véi 6 rat bé. T (1), ching toi dua ra mot
trang thai phi co dién méi bing cach thém mot va bt mot photon lén trang thai hai mode
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két hgp SU(1,1) nhu sau:

[Yan) = N(a™ +b)[€ @)ab, (2)

trong d6 N 1 hé s6 chuan héa. Khi khai trién thong qua trang thai Fock, hé s6 chuan héa
N ¢6 dang
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Trong bai bao nay, chiing toi tién hanh khéo sat tinh dan réi clia trang théai hai mode két
hgp SU(1,1) them mot va b6t mot photon. Sau d6 tién hanh vién tai lugng t mot trang
thai két hop v6i trang thai nay va danh gia sy thanh cong clia qué trinh vién tai thong
qua do trung thuyc trung binh. Cac két qua thu dudc sé duge ching t6i bién luan chi tiét
& phan két luan.

1 NGHIEN CUU TINH DAN ROI VA DINH LUONG DO ROI

Chiing to6i sit dung tieu chuan dan réi Hillery-Zubairy [2] dé nghién citu tinh dan r6i ciia
trang thai hai mode két hop SU(1,1) thém mot vi b6t mot photon. Theo tiéu chuan dan
réi Hillery-Zubairy, mot trang thai duge goi 1a dan rdi néu théa man bat déng thic sau

(@) @) () () < [{@ (7))

St dung tieu chuan (3), dat m = n = [ vA dé thuan lgi cho viéc nghién citu ching toi dua

2
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vao tham s6 dan r6i Ry dudi dang

m= (@) @) () 0)") | (ar ()] @

Khi d6, theo bat dang thiic (3) ta thiy ring mot trang thai 1a dan réi néu théa man Ry < 0
va Ry cang am thi mitc do dan r6i cang tang. Ching to6i thite hién tinh toan cac dai lugng
trong biéu thiic (4) va dé thuan tién cho viec khéo sat ching toi dit ¢ = 0, § = 2r, v6i 0
rat bé, ta duge & = —tanhr. Sau d6 thay ¢ = —tanhr vao bicu thiic (4) ta thu duge két
qua
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Hinh 1: Sy phu thudc ciia tham s6 dan r6i R; vao r vé6i gid tri ¢ = 1,2,3. Cac gia tri ¢ dugc chon
theo thit ty tuong tng véi dudng lién nét, dusng cham chim va dudng dit nét.

D6 thi biéu dién sy phu thuoc ctia tham s6 dan réi Ry vao r, véi nam trong doan 0 < r < 2,
v6i ¢ = 1 tng véi dudng lien nét, ¢ = 2 tng vdi duong cham cham, ¢ = 3 tng véi duong diit
nét. Chiing ta nhan thay rang, khi ¢ tang thi gia tri Ry cang am, diéu d6 chitng té trang
thai nay cang r6i. Hon nita, mdi dudng cong déu c6 dang di xudéng cho thiy mitc do dan
roi tang manh khi r tang. Tuy nhién, v6i gia tri bé ciia bien do két hgp thi c6 mot ving
nho chua dan réi. C6 thé néi, tieu chuan dan r6i Hillery-Zubairy tap trung vao viéc khong
chia tach dugc cia cac hé da mode theo phuong dién "s6 photon". Cac két qua khio sat
ctia chiing t6i da thé hién rang trang thai hai mode két hgp SU(1,1) dugc thém mot va bét
mot photon ¢6 dan réi theo phuong dién nay. Vay trang thai hai mode két hop SU(1,1)
thém mot va b6t mot photon 1a trang thai dan r6i theo tieu chuan dan réi Hillery-Zubairy
bac cao, nén trang thai nay cé thé lam nguon rdi cho quéa trinh vién tai lugng tit mot trang
thai két hgp. Tuy nhién, khi do r6i chi méi duge danh gid thong qua tiéu chuan dan réi
Hillery-Zubairy thi rat can thiét phai kiém tra lai cac két qua thu dugc mot lan nita bing
mot phuong phap khac doc lap véi cach trén. Vi ly do d6, ching toi sé dinh lugng do roi
bing tieu chuan Do dong quy. Theo tiéu chuan Do dong quy [3], ta c6 trang thai hai mode
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a va b duge dua ra duéi dang

(W) ap = N[ [n)a [7)p + 0104 [0)] (6)

trong d6 N 1a hé s6 chuan hoéa; p, v 14 s6 phiic; ¢, 0, v, 6 1a cac trang thai da duge chuan
hoéa ctia hai mode a va b. Tt d6, ta dinh nghia do dong quy
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trong d6 P1 = o (n|¢), » P> =1 (8]7),. Trang thai |¥),, la dan réi néu C > 0 va dat gia tri
dan r6i cyc dai néu C = 1. Khi 4p dung cho trang thai hai mode két hop SU(1,1) them
mot va b6t mot photon, ta thu duge ciia do dong quy c6 dang
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Hinh 2: Sy phu thuoc ctia do dong quy C vao r véi cac gia tri ¢ = 1 tng vdi dudng lién nét, ¢ = 2

ing v6i dudng dit nét.

Su phu thudc ctia do ddng quy C' theo bién do két hop » dugce thé hieén trong hinh 2. Nhin
vao do thi hinh 2 ta thay do dong quy C c6 gia tri trong khoang tit 0 dén 1. Vi vay trang
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thai hai mode két hgp SU(1,1) them mot va b6t mot photon 1a trang thai dan roi thoa
mén titu chuan Do dong quy. Khi r cang 16n thi C' cang gan véi 1, nhu vay tinh chat dan
r6i cang thé hién r6 hon khi r cang cao. Cé nhitng diéu thi vi & cac két qua khao sat clia
chiing t6i khi so sanh tieu chuan nay véi tieu chuan Hillery-Zubairy. Thit nhat, khi ¢ ting
thi C' gidm nhung khong dang ké (trong mién r 16n) nén sy ting lén clia tham s6 ¢ da lam
gidm biéu hién ciia tinh chat dan réi theo tieu chuan do dong quy. Thit hai, khi » nho,
trang thai duge xét khong biéu hien tinh dan r6i theo céc tieu chuan nay.

2 KHAO SAT QUA TRINH VIEN TAI LUONG TU

Trang thai hai mode két hop SU(1,1) them mot va b6t mot photon 14 mot trang thai dan
réi nén c6 thé st dung né cho qua trinh vién tai lugng t& mot trang thai két hop.

Theo mo hinh vién téi cia Agarwal va Gasbris [4], bén giii thong tin 1a Alice va bén nhan
thong tin 13 Bob. Trang thai 2 mode két hgp SU(1,1) them mot va bt mot photon c6 hai
mode a va b, trong d6 mode a duge dua t6i Alice va mode b duge dua t6i Bob, trang thai
dugc vién tai l1a trang thai két hop |vy), tuong tng véi mode ¢ duge dua vao Alice. Tai noi
gdi thong tin, dau tien Alice sé thuc hién viéc t6 hgp trang thai |y), va |¥),, tré thanh
mot trang thai 3 mode dudi dang

|\I]>abc = ‘\I’>ab |’y>c
N1 =€) T et gt 1+ q+1,n)y, ),
FNA—ER) E et g — 1)y 1), (9)

Tiép theo Alice thuc hién 1 phép do trang thai Bell t6 hgp trén 2 mode a va ¢ dé do thong
tin vé muc do dan r6i gitta |y), va |¥),, dua trén 2 mode a va c.
Trang thai Bell dugc biéu dién qua trang thai Fock nhu sau

B(X,P)),, = jﬁ S De (24) [k, K, (10)
k=0

Khi phép do t6 hgp hoan thanh, trang théi tich |¥),,. chuyén sang trang thai méi. Do
Bob va Alice cling chia sé trang thai dan réi nén Bob c¢6 trang théi sau khi bién ddi nhu

sau.:
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Bay gio, bén Bob ton tai trang thai tuong tng véi mode b chita cac thong tin vé mode c.
Bob thyc hien phép dich chuyén D (g8) dé xay dung lai trang thai dugc vién tai ban dau
7). , v6i g 14 he s6 diéu khién ma Bob dung dé hoan thign do trung thuc ctia qué trinh
vién tai. Tu do6, trang thai cudi ctiing thu dugce trong qua trinh vién tai 1a
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Dén thoi diém nay qua trinh vién tai da hoan thanh va dé danh gid mitc do thanh cong
clia qué trinh vién tai ching ta phai dua vao do trung thyc trung binh F,,
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Hinh 3: Sy phu thudc ctia do trung thuc trung binh F,, vao r v6i gia tri ¢ = 2,4, 5 tng véi v = 1.47.
Cac gia tri ¢ duge chon theo thit ty tuong ting véi dusng lién nét, dudng chdm chim va dudng ditt

nét.

Su phu thuoc ctia do trung thyc trung binh Fj, vao bién do két hgp r dude thé hien &
hinh 3. Dya vao do thi, ting vdi gia tri v = 1 ching ta thay ring: khi ¢ = 2 (ting v6i duong
lién nét), qua trinh vién tai la thanh cong véi khoang vién tai 14 0.2 < r < 0.9; khi ¢ = 4

(tng v6i duong duong cham cham), quéa trinh vién tai la thanh cong véi khodng vién tai
14 0.2 <r <0.75; khi ¢ = 5 (ting v6i dudng dit nét), qué trinh vién tai la thanh cong véi
khodng vién tai 13 0.2 < r < 0.7. Nhu vay, khi ¢ tang thi khoang vién tai hep dan. Ngoai

ra, do trung thyc trung binh cyc dai gan 0.8. Bay gio, ta xét mot truong hop cu thé véi

gia tri ¢ = 2 (truong hop co6 khoang gia tri r 16n nhat). Do thi biéu dién sy phu thuoc clia
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do trung thyc trung binh Fj, vao bién do két hop r dude cho nhu hinh 4. D6 thi cho thay
ing vdi gia tri ¢ = 2, khi v = 1.45 thi do trung thyc trung binh cyc dai dat gan 0.8; khi
~ = 1.50 thi do trung thiyc trung binh cic dai dat gan 0.75; khi v = 1.99 thi do trung thyc
trung binh ciic dai dat 0.5. Khi tiép tuc tang gia tri ctia v 1én thi do trung thiic trung binh
dat dudi 0.5 nén qua trinh vién tai khong thanh cong nita. Nhu vay, ching toi thay rang
qué trinh vién tai 1a thanh cong ting véi gia tri ctia v 1a 1.45 < < 1.99.

1.0r

0.8

> 0.6f \

a
\

]
Je

L I "'-"’ N
0.4t s, ‘: N

.
0.2 s \\: N

%0 05 1.0 15

r

Hinh 4: Sy phu thudc ctia do trung thuyc trung binh F,, vao r v6i gia tri ¢ = 2 Gng v6i v = 1.45,
~v = 1.50, v = 1.99. Cac gia tri v dudc chon theo thi tu tuong ting véi dudng lién nét, dudng cham
cham va dudng dit nét.

3 KET LUAN

Trong bai bao nay, ching to6i da tién hanh nghién ctu tinh dan rdi clia trang thai
hai mode két hop SU(1,1) théem mot va b6t mot photon bing tieu chuan dan r6i Hillery-
Zubairy. Qua quéa trinh nghién citu cho chiing to6i thay trang thai hai mode két hgp SU(1,1)
them mot va b6t mot photon 1a mot trang thai dan réi theo tieu chuan Hillery-Zubairy
bac cao. Mat khac, ching toi ciing da tién hanh dinh lugng do r6i bang tieu chuan do dong
quy nhim khiéng dinh lai mot 1an nita trang thai hai mode két hgp SU(1,1) thém mot va
b6t mot photon 1a mot trang thai réi. Khi da xem xét riang trang thai nay la mot trang
thai roi thi ching toi da st dung né lam ngudn rdi dé xay dyng mo hinh vién tai lugng ti;
sau d6 danh gia mitc do thanh cong clia qua trinh vién tai thong qua do trung thuc trung
binh F,,. Ké qui cho thdy qué trinh vién tai lugng ti thanh cong, cac dudng biéu dién
cho thay do trung thyc trung binh Fj, phu thudc vao cac gia tri tham sd dua vao. Két qua
nay da mot lan nita khing dinh méi lién quan chiit ché giita viec danh gia do dan rdi va
sut thanh cong ctia qué trinh vién tai luong ti.

LOI CAM ON

Nghién cttu nay dugce tai trg béi Quy Phat trién khoa hoc va cong nghé Québc gia (NAFOS-
TED) trong dé tai ma s6 103.01-2018.361.



72 HOANG THI THUY DUNG va cs
TAI LIEU THAM KHAO
[1] Perelomov A. M. (1972), “Coherent states for arbitrary Lie groups”’, Communications

2]
3]

[4]
[5]

i Mathematical Physics, 26, 3, pp. 222 - 236.

Hillery M., and Zubairy M. S. (2006), “Entanglement conditions for two- mode states”,
Physical Review Letters, 96, 5, pp. 050503-1 - 050503-7.

Jiani Wu, Shiyou Liu, Liyun Hu, Jiehui Huang, Zhenglu Duan and Yinghua Ji (2015),
“Improving entanglement of even entangled coherent states by a coherent superposition
of photon subtraction and addition”, Journal of the Optical Society of America B, 32,
11, pp. 2299-1 - 2299-9.

G. S. and Biswas A. (2005), “Inseparability inequalities for higher oder moments for
bipartite systems”, New Journal of Physics, 7, 1, pp. 211-1 - 211-8.

Duc. T. M, Noh. J (2008), “Higher-order propepties of photonadded coherent states”,
Optics communications, 281, pp. 2842-2848.

Title: QUANTITATIVE MEASURES OF ENTANGLEMENT AND QUANTUM TELE-
PORTATION OF THE ONE-PHOTON-ADDED AND ONE-PHOTON-SUBTRACTED
TWO-MODE SU(1,1) COHERENT STATE

Abstract: In this paper, we consider the entanglement properties of the one-photon-added

and one-photon-subtracted two-mode SU(1,1) coherent state. By applying the Hillery-

Zubairy and the Concurrence entanglement criteria, we conclude that the one-photon-

added and one-photon-subtracted two-mode SU(1,1) coherent state is absolutely entangled

states. Then, these state is used as an entangled resource for teleportation of a coherent

state to assess the efficiency of the process via the average fidelity Fy,. From the results of

the average fidelity, we show that the teleportation process is successful when the average
fidelity satisfies the condition Fy, > 0.5.
Keywords: Two-mode coherent state, entanglement, quantum teleportation.



