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Tém tat: Bai bao nay nghién ctu tinh chat dan réi va dinh luong do réi
clia trang thai hai mode két hgp SU(1, 1) thém mot va b6t mot photon 1&
bang st dung tieu chuan dan réi Hillery-Zubairy va tiéu chuan Do dong
quy. Két qua khao sat cho thay trang thai hai mode két hop SU(1,1)
thém mot va b6t mot photon 1¢ 14 mot trang thai dan réi manh. Khi sit
dung trang thai nay dé vién tai lugng tit mot trang thai két hop, ching
toi nhan thay rang qua trinh vién tai lugng tit thanh cong véi do trung
thuc Fy, clia qué trinh vién tai thoéa man diéu kien 0,5 < F,, < 1.
Tw khéa: Trang thai hai mode két hop, Tinh chat dan réi, Vién tai
lugng ti

1. GIOI THIEU

Ngay nay, thoi dai cong nghé thong tin ¢ mot bude phat trién cao dé 1a sé hoéa tat ci cac
dit lieu thong tin, luan chuyén manh mé va két néi tat ca ching ta lai v6i nhau. Thé nén,
van dé lam thé nao dé truyén tin hieu di xa ma van dam bao tinh loc luya cao va gidm dudc
thang gidng dén mitc thap nhat 13 van dé cap thiét cho cdc nha vat ly 1y thuyét cling nhu
thyc nghiém.

Trang thai hai mode két hgp SU(1,1) duge dinh nghia nhu sau [1]
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trong d6 & = —tanh(6/2) exp(—ig); (0/2) = r véi 6 rat bé. Khi cho toan ti (al + b) tac
dung lén trang thai hai mode két hgp SU(1,1) thi sé cho ra mot trang thai mdi, do la
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trang thai hai mode két hop SU(1,1) them mot va bt mot photon 18, duge dinh nghia
duéi dang

oy =N (aF +5) (19)ap — 1=V (2)

trong d6 N 1a hé s6 chuan héa. Khi biéu dién qua trang thai Fock, trang thai hai mode
két hgp SU(1,1) them mot va bt mot photon 1é duge dua ra nhu sau:
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Dat m = n = 2k + 1 va thyc hién chuan héa thi hé sé chuan héa
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Tu d6, trang thai hai mode két hgp SU(1,1) them mot va bt mot photon 1é duge viét lai
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Trong bai bao nay, chiing to6i tién hanh khio sat tinh dan réi clia trang thai hai mode két
hgp SU(1,1) théem mot vad bt mot photon 1&. Tiép theo tién hanh vién tai lugng ti mot
trang thai két hop véi trang thai nay va danh gia sy thanh cong clia qua trinh vién tai

thong qua do trung thyc trung binh. Cac két qua thu dugc sé duge ching toi bién luan chi
tiét trong phan két luan.

9. NGHIEN CUU TINH CHAT DAN ROI VA DINH LUONG DO ROI

Nghién cttu tinh dan r6i clia trang thai hai mode két hgp SU(1,1) them mot va bét
mot photon 1é theo tieu chuan dan rdi Hillery-Zubairy [2], [3]. Theo d6, Hillery va Zubairy
da dua ra diéu kien dan réi duéi dang mot bat dang thic

(@) @) () () < (@ ()" ®

Mot trang théai dugc goi la dan réi néu bat déng thic trén duge thoéa man. St dung tieu

2

chuan trén v dat m = n = 2k + 1 = [, sau d6 ching t6i dua vao tham s6 dan réi Ry dudi

m={(@) @) () ()| (@r())

dang
2

(7)
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Mot trang thai bat ki dudc goi 1a dan réi néu Ry < 0 va Ry cang am thi mic do dan réi
cang ting, ngugc lai néu Ry > 0 thi trang thai d6 khong réi. Thyc hién tinh toan cic dai
lugng trong biéu thitc ctia Ry va dit ¢ = 0, v =2r,0<r <m, tadugc £ = —tanhr. Thay
vao biéu thite (7) ching toi thu duge két qua
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Két qua nghién citu sy phu thuoc ciia mite do dan réi Ry theo r duge cho trong hinh 1 va

R1(x10'3)
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Hinh 1: Sy phu thudc cia tham sé dan
roi Ry vao r va q vdi k thudc khodng
gid tri (0;2), t trén (duong lién) zudng
duoi ing voi gid triq=1,q=2, ¢ = 3.
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Hinh 2: Su phu thudc ctia tham sé dan
101 Ry wao r va q vdi k thuoc khodng
gid tri (0;8), tu tren (duong lien) Tuong
dudi ing vdi gid tr; q =6, g =17, ¢ = 8.

hinh 2. Sy thuoc clia tham s6 dan réi Ry vao r duge xét trong khodng khodng 0 < r < ,
tuong ung véi k thudc khoang gia tri (0;2) ta xét & hinh 1, (hay n, m thudoc khodng gia
tri (0;5) vin =m = 2k + 1) va v6i k thuoc khoang gia tri (0;3) (n, m thudc khodng gia
tri (0;7)) 6 hinh 2, 6 day cac gia tri ctia ¢ duge khao sét la g =1, ¢ =2, ¢ =3 (hinh 1) va
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q=6,q="17,q=38 (hinh 2). Tt hai do thi bi¢u dién, chiing t6i nhan thay ring, khi ¢ ting
ho#c k tang ((m,n) tang) thi gia tri Ry cang am, dieu do6 chiing t6 trang thai nay cang roi.
Tit day chiing t6i c6 thé két luan ring, trang thai hai mode két hgp SU(1,1) them mot va
b6t mot photon 1& phy thudc vao cidc tham sd k va g, khi gia tri tham s6 k va ¢ cang 16n
thi mitc do dan roi cang 16n va ngudc lai. Vay trang thai hai mode két hgp SU(1,1) them
mot va b6t mot photon 1é 1a trang thai ro6i hoan toan (khi ta xét cac gia tri tham s6 k va
q phit hgp) theo tiéu chuan dan réi Hillery-Zubairy, nén trang thai nay c6 thé lam nguon
rdi cho quéa trinh vién tai lugng ti.

O day, do rdi chi méi duge danh gia thong qua tiéu chudn dan réi Hillery-Zubairy chi nhu
la diéu kien du thi rat can thiét phai kiém tra lai cac két qua thu dugc mot lan nita bing
mot phuong phap doc lap véi cach trén. Chinh vi thé, ching toi thyc hién khao sat hieu
ting dan r6i bang tieu chuan dan r6i khac, ma & day 1a tieu chuan Do dong quy.

Theo tiéu chuan Do dong quy [4], ching t6i c6 trang thai hai mode a v b duge dua ra
duéi dang

(W) ap = N[ [n)a 1705 + 0104 [0)] 9)

trong dé N 1a hé s6 chuan héa; p, v 1a s6 phiic; ¢, 1, v, § 1a cac trang thai da duge chuan
héa ctia hai mode a va b. Tit d6, ching to6i dinh nghia Do dong quy nhu sau:

o 2wllely/ 0 = PP - [P
P+ o+ Re(proPiPy)

(10)
Khi a4p dung cho trang thai hai mode két hgp SU(1,1) them mot va b6t mot photon 18,
chting toi thu duge Do dong quy c6 dang
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Chiing t6i c6 do thi khdo sat dan rdi ctia trang thai hai mode két hgp SU(1,1) them mot
va b6t mot photon 18 dan 16i theo tieu chuan Do ddng quy nhu hinh 3 va hinh 4. D6 thi
hinh 3, hinh 4, cho ching to6i thay khi gia tri r tang tit 0 dén 7/3 thi Do dong quy tang rat
nhanh va sau d6 khi r > /3 thi do dong quy gan nhu bao hoa véi gia tri Do dong quy cuyc
dai tién dén gan bang 1. Nhu vay, trang thai hai mode két hop SU(1, 1) thém mot va bét
mot photon 18 14 mot trang thai dan réi hoan toan. Do dé, trang thai hai mode két hop
SU(1,1) them mot va b6t mot photon 1é ¢6 thé duge sit dung 14 nguon tai nguyén dan roi
dé thuc hién qua trinh vién tai lugng ti.
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Hinh 3: Su phu thuéc cia Do dong quy Hinh 4: Sy phu thudc cia Do dong quy
C vao r va q voi k thuoc khoang gid tri C wvao r va q vdi k thuoc khodng gid tri
(0;2), tu dudi (duong lién) lén trén ting (0;3), tu dudi (duong lién) lén trén ing
voi gia triq=1,q=2, g =3. vl gid triq=6,q="7,q=28.

3. KHAO SAT QUA TRINH VIEN TAI LUONG TU

Theo mo hinh vién tai cia Agarwal va Gasbris [5], bén gii thong tin la Alice va
bén nhan thong tin 1a Bob. Trang thai hai mode két hgp SU(1,1) thém mot va b6t mot
photon 1é ¢6 hai mode a va b, trong d6 mode a dugc dua t6i Alice va mode b duge dua t6i
Bob, trang thai dugc vién tai la trang thai két hop |v), tuong tng véi mode ¢ duge dua
vao Alice. Tai nai gdi thong tin, dau tién Alice sé thuc hién viec t6 hop trang thai |v) . Va
|9) ,p tré thanh mot trang thai 3 mode c6 dang

Ease =l
N (1-16F) T [ - e (12

nlq!

n=0
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Tiép theo Alice thyc hién 1 phép do trang thai Bell t6 hgp trén 2 mode a va ¢ dé do thong
tin vé mic do dan rdi gitta |y), va |¢),, dua trén 2 mode a va c. Trang théi Bell duge biéu
dién qua trang thai Fock nhu sau

IB(X, P)) \in (24) |k, k), (13)



78 NGUYEN THI THU HANG va cs

Khi phép do t6 hgp hoan thanh, trang thai tich |) ;. sup do. Do Bob va Alice cling chia

sé trang thai dan réi nén Bob c6 trang thai nhu sau

W))aqu :ca<B (Xa P) ‘ w>abc

(BT )S [ T - cae

n=0 k=
x { v/ + a+ Lea (K Di (24) In+q+1),Inby 1),
+Vca (ks bl D (24) In + ) In = 1yl } -
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Lic nay, bén Bob ton tai trang thai tuong ting v6i mode b chita cidc thong tin vé mode c.
Bob thyc hien phép dich chuyén D (g8) dé xay dung lai trang thai dugc vién tai ban dau
v), v6i g 1a he s6 diéu khién ma Bob dung dé hoan thién do trung thuc clia qua trinh vién
tai. Trang thai cudi cing thu dude trong qua trinh vién tai 1a

|w>abc7out =D (924) |¢>abc,B
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Bay gio, ching toi phai dya vao do trung thuyc trung binh F, dé danh gia mic do thanh
cong clua quéa trinh vién tai lugng tit.

4. PO TRUNG THUC TRUNG BINH CUA QUA TRINH VIEN TAI LUONG TU

Tieu chuan thanh cong ciia qué trinh vién tai lugng ti dugce xac dinh qua do trung
thuc trung binh F,, dugc xac dinh qua biéu thic sau

Fav :/ in,ab<1/} | ¢>ab,out

—/ ‘<’Y ’ ¢>ab,out :

QuA trinh vién tai thanh cong néu théa man dieu kien % < Fpp < 1.
D6i vé6i trang thai hai mode két hgp SU(1,1) them mot va b6t mot photon 1é thi F,, sé

c6 dang

2
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Fp =8N (1— [—tamhrf?) ™ exp (—[2r?) > [(nan.qﬂ]

x [1—(=1)" |- tahy%‘ n‘ (2n+q+1),
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trong d6 N 14 hé s6 chuan héa. Dé két luan cho qué trinh vién tai lugng ti v6i ngudn roéi
la trang thai hai mode két hop SU(1,1) them mot va b6t mot photon 1&, ching toi khao
sat sy phu thudc ctia do trung thyc trung binh Fy, vao r theo biéu thic (3.23). Két qua
khao sat do trung thuyc trung binh Fj, theo r dugc cho trong hinh 4.
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Hinh 5: Khdo sat do trung thuc trung binh Fg, theo v vdi cdic gid tri q va k khdc nhau, tu trén
(duong lien nét dam) zudng dudi tuong ting véi ¢ = 6 vdi k = (0;2) va k = (0;5) , ¢ = 7 vdi
k= (0;2) va k= (0;5).

T hinh vé chiing toi thay duong lién nét dam (¢ = 6) va duong lién nét nhat (¢ = 7) sé
cho ta gia tri do trung thyc trung binh bi gidm khi gi4 tri tham s6 ¢ ting lén mic dut ciing
gia tri k = (0;2). Tuong tu, 6 dudng bién dién dit nét nhat (¢ = 6) va diat nét dam (¢ = 7)
tuong ting gia tri k& dugc khdo sat ndm trong khoang (0;5), ching t6i thu duge két qua
tuong tu. Bay gio xét sy thay ddi gia tri k trong 2 khodng gia tri da cho (0;2) va (0;5),
ching t6i thay khi ta tang gia tri clia k hodc gidm gia tri clia ¢ thi do trung thyc trung
binh ting theo, v& ngudc lai. Mot trang thai dan réi néu sit dung vao qué trinh vién tai va
cho ta két qua do trung thic trung binh F,, c6 gia tri nam trong khodng 0,5 < Fy, <1
thi trang thai dé la trang thai dan réi c6 thé dude sit dung trong vién tai luong ti. Xét
gi4 tri r ndm trong khoang 0,25 dén 7/6 thi do 16n clia Fy, sé luon théa man diéu kien
0,5 < F,, < 1. Nhung néu khi chiing tbi thay doi gia tri ¢ va k thi s& din dén sy thay
doi ctia r nén gia tri Fy, ciing thay doi theo. Do vay, ching t6i hoan toan c6 thé thay doi
ting gia tri ctia k vi ¢ phit hop dé thuc hién qua trinh vién tai lugng tit cho truong hop
trang thai hai mode két hop SU(1,1) them mot va bt mot photon 1&. Vay qua trinh vién
tai lugng tit thanh cong, day 1a mot két qua nhu mong doi clia chiing ta. Két qua nay mot
lan nita khing dinh méi quan hé chat ché gita mitc do dan réi clia nguon rdi va miic do
thanh cong clia qué trinh vién tai lugng tit.
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5. KET LUAN

Trong bai bdo nay, dau tién, chtng toi tién hanh nghién citu tinh chat dan réi va dinh
lugng do rdi clia trang thai hai mode két hop SU(1,1) them mot va b6t mot photon 16
bing hai tiéu chuan dan réi Hillery-Zubairy va tiéu chuan Do dong quy. C4 hai tieu chuan
déu cho chiing to6i két qua khang dinh trang thai hai mode két hgp SU(1,1) them mot va
bét mot photon 1& 14 mot trang thai réi hoan toan. Tiép theo, ching toi sit dung trang thai
hai mode két hgp SU(1,1) thém mot va bt mot photon 18 lam ngudn rdi dé xay dung
mo6 hinh vién tai luong tit mot trang thai két hop va danh gia mic do thanh cong clia
qué trinh vién tai thong qua do trung thiyc trung binh F,,,. Do thi cho thay do trung thuyc
trung binh F}, phu thuoc vao cac gia tri tham s6 dua vao. Ching toi thay khi gia tri -,
q thay déi thi do trung thuc trung binh ciing thay déi theo. Chinh vi thé, ching t6i phai
tinh toan va chon cac tham sbé phit hgp dé cho qua trinh vién tai lugng tit duge dién ra
thanh cong. Trong bai bdo nay, cic gia tri dugce khao sat la v = 2r; 0,25 <r < g, cac gid
tri ¢ dugce xét 1a 6 va 7, ciing nhu xét khoang gia tri k tit (0;2) dén khoang gié tri (0;5) thi
qué trinh vién tai duge dién ra thanh cong v6i do trung thyc trung binh nam hoan toan
trong viing khéo sat vién tai lugng ti. Tuy nhién, cac thong s6 khac van c6 thé duge chon
mot cach phit hop dé thuc hien qué trinh vién tai. Két qua nay mot lan nita khing dinh
moi quan hé chat ché gitta mitc do dan réi clia nguon roi va mitc do thanh cong clia qua
trinh vién tai lugng tit.

LOI CAM ON

Nghién citu nay dude tai trg bdi Bo Gido duc va Dao tao trong dé tai ma s6 B2019-DHH-12.

TAI LIEU THAM KHAO

[1] Perelomov A. M. (1972), “Coherent states for arbitrary Lie groups”, Commaunications
in Mathematical Physics, 26, 3, pp. 222 - 236.

[2] Hillery. M (1989), “Sum and diffrence squeezing of the electromagnetic field”, Phys.
Rev A, 45, pp. 3147-3155.

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

[4] 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.

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

[6] Christopher C. Gerru, Rainer Grobe (1996), “Two-mode SU(2) and SU(1,1)
Schrodinger cat states”, Journal of modern optics, vol.44, No.1, pp. 41-53.



DINH LUONG DO ROI VA VIEN TAI LUONG TU... 81

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

Abstract: This paper considers the entanglement properties of the one-photon-added and
one-photon-subtracted two-mode odd SU(1,1) coherent state by using the Hillery-Zubairy
and the Concurrence criteria. We conclude that the one-photon-added and one-photon-
subtracted two-mode odd SU(1, 1) coherent state is absolutely entangled state. Therefore,
this state is used as an entangled resource to teleport a coherent state. We show that
the efficiency of the teleportation process via the average fidelity Fj,. We realize that the
teleportation process is successful when a maximum fidelity reaches the value of F,, = 1.
Keywords: Two-mode coherent state, entanglement, quantum teleportation



