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Tém tat: Trong bai bio nay, ching to6i khio sat tinh chit dan rdi va vién tai
lugng ti v6i trang thai them va bt mot photon lén hai mode két hop SU(2). Két
qué thu dugc 13 trang thai them va b6t mot photon 1én hai mode két hop SU(2)
thé hién tinh dan 16i theo tiéu chuian dan rdi Hillery-Zubairy. Hon nita, trang
thai nay con thé hién tinh chit dan rdi cao theo tiéu chuin dinh lugng do rdi
Entropy tuyén tinh. Sau d6 stt dung trang thai thém va bdt mot photon lén hai
mode két hgp SU(2) nay dé thyc hién nghién ctu qua trinh vién tii, ching toi
nhan thiy rang qua trinh vién tai thanh cong véi do trung binh F,, nim trong
khoang 0,5 < F,, < 1.

Tir khéa: Trang thai hai mode két hop, tieu chuan dan réi Hillery-Zubairy, tieu
chuan dan réi Entropy tuyén tinh, do trung thyc trung binh.

1 MO DAU

Ngay nay khoa hoc, ki thuat v cong nghé khong ngimg phat trién, con ngusi tim cach s6 hoa
tat ca cac dit lieu thong tin, két ndi tat ca ching ta lai v6i nhau. Ho khong nging cai tién cach
thitc lien lac trong cuoc séng. Trong thong tin lugng ti, lam thé nio dé truyén tin hiéu di xa
ma van ddm bdo tinh loc Iya cao va gidm duge thiang giang dén mitc thip nhit 14 vin dé cip
thiét cho cac nha vat 1y 1y thuyét ciing nhu thyc nghiem. Trong d6, cic trang thai phi cd dién 14
ngudn tai nguyén cé gia tri cao dé dap ting cho yéu cau nay. Nam 1963, Glauber v Sudarshan
dua ra trang thai két hop [1], [2], ky hieu 1a |«), day 1a trang thai dng v6i thang giang lugng ti
nhoé nhat suy ra tir heé thic bat dinh Heisenberg. Sau d6 Agrawal va Tara da dé xuat y tudng
vé trang thai két hgp them photon [3] vA cling da chitng minh duge né 1a mot trang théi phi ¢6
dién nam 1991. Trang thai hai mode két hgp SU(2) [4]
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b6t mot photon 1én trang thai hai mode két hgp SU(2) nhu sau:
() = N(@* +0)l o)y, (2)

trong d6 a*,a va bt,b 1a toan tit sinh (hity) photon ciia mode a v mode b, A" 13 hé s6 chudn
héa c6 dang
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Khi trién khai trong cac trang thai Fock, trang thai them va bét mot photon lén hai mode két
hgp SU(2) trong phuong trinh (2) duge dua ra nhu sau:
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Trong bai bdo ndy, chiing to6i tién hanh khao sit tinh dan rdi clia trang thai them va bt mot
photon lén hai mode két hgp SU(2) béng tieu chudn dan réi Hillery-Zubairy va dinh lugng do
rdi theo tiéu chuan Entropy tuyén tinh. Sau d6, chiing toi tién hanh vién tii lugng tt mot trang
thai két hgp thong qua trang thai ndy va danh gia st thanh cong clia qué trinh vién tai thong
qua do trung thirc trung binh. Cac két qua thu dude sé duge chiing t6i bién luan chi tiét ¢ phan
két luan.

9 KHAO SAT TINH CHAT DAN ROI VA DINH LUONG DO ROI

Tinh chat dan réi clia trang thai thém va b6t mot photon lén hai mode két hgp SU(2) duge khéo
sat theo tieu chuan dan r6i Hillery-Zubairy [5]. Diéu kién dan 16i tong quat duge dua ra bing
bét phuong trinh sau

(@ mamy by < [(ami) i (5)

Theo Hillery-Zubairy [6], mot trang thai bi dan r6i néu mot trong hai mode théa mén bat phuong
trinh trén. Dé don gidn, ta dit m = n, v6i n = 2k(k > 0). Chon k = 1) va dua ra tham sé dan
roi Ry dudi dang

on . 2
Ry = (at%a?) (6+27) — |(a%2)] . (6)
Mot trang thai 13 dan r6i néu tham s6 dan rdi Ry < 0. Tham s6 R; cang am thi mic do dan

rdi cang tang, ngude lai néu Ry > 0 thi trang thai d6 khong dan rdi. Thie hién tinh toan céc sb
hang trong Ry vi dit ¢ = 0,0 = 2r v6i r > 0 ta duge £ = —tanhr, thay két qua vao bidu thic
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Hinh 1: S phu thuoc cia tham sé dan 167 vao cia trang thdi thém bét mot photon lén hai
mode két hgp SU(2) véi N = 3,6,7
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Hinh 2: Su phu thudc ctia tham s6 dan réi Ry vao r vdi N =5 cia trang thdi théem bot mot
photon lén hai mode két hop SU(2) va trang thdi hai mode két hop SU(2)

Do thi trén thé hien két qua khao sat mic do dan rdi R theo r vi N. Cac gid tri N tuong tng &
hinh114 N =3, N =6, N = 7 dé khdo sat cho trang thai thém vi b6t mot photon lén hai mode
két hgp SU(2). Hinh 2 khéo sat v6i N = 5 tuong tng vdi trang thai théem va bt mot photon lén



KHAO SAT TINH CHAT DAN ROI VA VIEN TAI LUONG TU... 49

hai mode két hop SU(2) (duong dit nét), va trang thai hai mode két hgp SU(2) (dudng lién nét).
Tur do6 thi ta thiy diéu kién dan réi R < 0 théa man vdi cac gid tri r trong khodng 0.8 < r < 1.
Céc duong cong di xudng cho thidy do dan rdi ting manh khi r ting. Nhin vao do6 thi 2 ta thay
do dan rdi clia trang thai hai mode két hgp SU(2) 14 manh hon ciia trang thai them va b6t mot
photon 1én hai mode két hgp SU(2) nhung véi mitc do khong dang ké. Vay trang thai them vi
b6t mot photon 1én hai mode két hgp SU(2) 1a trang thai dan rdi khong hoan toan.

Tiéu chuan dan rdéi Hillery-Zubairy chi nhu 13 diéu kién d@ khi danh gid do réi, khi d6 ching ta
can kiém tra lai cic két qui trén bing mot phuong phip khic doc lap véi cach trén. Vi vay dé
danh gia cap do dan rdi clia trang thai them va bt mot photon lén hai mode két hgp SU(2), ta
st dung entropy tuyén tinh

M=1-Tr(p2), (8)
trong d6 Tr (p2) 1a phép lay vét ma tran mat do rat gon binh phuong. Mot trang thai dan rdi
cang manh néu M = 1 , truong hgp M = 0 tuong tng vdi trang thai khong dan roi. Xét trong

truong hgp téng quét, ma tran mat do p clia trang thai thém va b6t mot photon lén hai mode
két hop SU(2) ¢6 dang
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trong do, T'ry, (p) 14 phép lay vét ma tran mat do p cia trang thai them va b6t mot photon len
hai mode két hgp SU(2) lén mode b. Tit d6, ta ¢6 thé tinh dugc
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(10)

Vay ta thay gis tri cia p2 vio (8) va thu duge két qué entropy tuyén tinh ciia trang thii them
va bt mot photon lén hai mode két hgp SU(2) 1a
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Hinh 3: Sy phu thudc ciia entropy tuyén tinh M vao r vdi gid tri N = 1 (duong dit nét), N =3
(duong lién nét), N = 6 (duong cham gach).

Hinh 3 thé hién sy phu thuoc entropy tuyén tinh M vio bién do két hgp r v6i gia tri N = 1,3
va, 6. Cac gia tri N nay dudce chon theo thit tif tuong tng v6i dudng dit nét, duong lién nét va
duong cham gach. Sau khi khio sat entropy tuyén tinh ctia trang thai thém vi b6t mot photon
len hai mode két hgp SU(2), d6 thi 3 cho ching ta thiy trang thai ndy la trang thai dan roi. Khi
bién do r di 16n, cip do dan r6i ting theo gia tri clia r trong khodng 0 < r < 0.8. Ngugc lai,
cap do dan rdi gidm theo gia tri ciia r trong khoang 0.8 < r < 1.5. Mit khéc, khi ting tong len
thi gia tri M cang tién dén 1, ching t6 trang thai ndy cang dan réi. Nhu vay trang thai them va
b6t mot photon lén hai mode két hgp SU(2) dat dén mitc do dan r6i cyc dai khi ta chon thong
s6 thich hgp vi thoéa man diéu kién dan r6i dé thire hién nhiém vy qué trinh vién t3i lugng ti.
Nhu vay, § phan nay ching toi thiy rdng trang thai thém va bdt mot photon 1én hai mode két
hgp SU(2) dan rdi theo tiéu chuan dan r6i Hillery-Zubairy bac cao. Mat khac, khi tién hanh dinh
lugng do rdi trang thai them va b6t mot photon len hai mode két hgp SU(2) bang tieu chuin
Entropy tuyén tinh thi né hoan toan phii hgp tinh dan réi nhim khing dinh thém trang thai
thém va b6t mot photon lén hai mode két hgp SU(2) 1a trang thai dan r6i c6 thé lam ngudn rdi
cho qué trinh vién tai lugng tit 6 phan sau.

3  KHAO SAT QUA TRINH VIEN TAI LUONG TU

Dé thyc hién qua trinh vién tai lugng ti, ching t6i sit dung ngudn ri la trang thai them v bét
mot photon lén hai mode két hgp SU(2)
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Theo mo hinh vién tai cia Agarwal va Gasbris [7], |8], gid st mode a dugc dua t6i Alice, mode

b dugc dua t6i Bob va thong tin duge ma hoa trong trang thai két hop duge vién tai 1a |v),. Tai
ndi gifi thong tin, truée khi thye hign phép do Bell [9] Alice sé thie hign vigc t6 hgp trang théi
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Khi phép do t6 hop hoan thanh, trang thai tich sup dd do Bob va Alice cling chia sé trang thai
roi nén Bob c¢6 trang thai nhu sau [¢)
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Lic nay bén Bob ton tai trang thai ttng vdi mode b chita cac thong tin vé mode c. Bob thyc hién
dich chuyén D (gf8) dé xay dung lai trang thai dugc vién tai ban dau |v), , trang thai cudi ciing
thu duge trong qua trinh vién tai do 1a
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Qu& trinh vién tai lugng ti lic niy di hoan thanh. Dé danh gid mic do thanh cong ciia qua
trinh vién tai, ta diya vao do trung thic trung binh Fj, md ching toi dua ra & phan tiép theo.

4 DO TRUNG THUC TRUNG BINH CUA QUA TRINH VIEN TAI LUONG TU
D6 trung thuc trung binh trong qua trinh vién tii dugce xac dinh qua biéu thiic
Fou = [ o1} 25
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52 TRAN THI THANH BINH va cs.

Qué trinh vién tai dugc xem 13 thanh cong néu do trung thic trung binh théa man diéu kién
3 < F,, < 1. Dé tien hanh tinh toan Fj,, ching t6i st dung cac tinh chat ctia toan ti dich

chuyén vi khai trién cdc trang thai trong trang thai Fock dudi dang
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Hinh 4: Suw phu thudc cia do trung binh Fy, vao bién do két hop r 1ing vdi gid tri v = 2.35
va N =11 (duong dit nét), N = 13 (duong lién nét), N = 16 (duong cham gach)

Duwa vao hinh 4, khi ta chon gia tri v = 2.35, v6i N = 11 tuodng tng véi duong dit nét thi do
trung thiyc trung binh Fj, c¢6 gia tri ndm trong khoadng tir 0.5 < F,, <1 khi 0.4 <r < 1.1. Khi
tang gia tri N = 13 tng vdi duong lién nét thi do trung thyc trung binh F,, ¢6 gia tri ndm trong
khoang tt 0.5 < Fy, <1 khi 0.6 <r < 1.15. Khi N = 16 ting v6i dudng chdm gach thi do trung
thyc trung binh F,, ¢6 gia tri ndm trong khoadng tir 0.5 < F,, < 1 khi 0.7 < r < 1.2. Nhin vao
do thi ta thiy qua trinh vién tii thanh cong x4y ra trong khoang r hep dan. Diéu nay chitng t6
N cang bé thi qua trinh vién tai cang thanh cong. Véi cac gia tri cia N = 11,13 va N = 16 thi
qué trinh vién tai lugng it xay ra thanh cong véi do trung thyc trung binh 0.5 < F,, < 1 vé6i
04<r<1.1.

Khi N bé thi qua trinh vién tii xay ra tot nhat nén ta xét khi N = 11 ting vdi cac gia tri v khéc
nhau dé khio sat do trung thyc trung binh F,, nhu hinh 5.
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Hinh 5: Su phu thuoc cia do trung binh F,, vao bién do két hop r ing vdi gid tri N = 11 va
v = 2.35 (duong dit nét), v = 2.90 (duong lien nét), v = 3.47 (duong cham gach).

Khi chon gia tri N = 11 v4i v = 2.35 ing v4i duong dit nét do trung thyc trung binh dat gia
tri cye dai gan bang 1. Khi v tang tng véi gia tri v = 2.90 tng v6i dudng lien nét thi do trung
thite trung binh dat cyc dai 0.8, vi v = 3.47 tng v6i dudng chdm gach thi do trung thyc trung
binh dat cyc dai 0.50. Tiép tuc tang v thi do trung thic trung binh dat duéi 0.5 nén qué trinh
vién tai khong thanh cong nita. Vay nén khi ching ta chon 7 cang bé thi qué trinh vién tai cang
thanh cong véi do trung thiye trung binh 0.5 < F,, < 1 v6i 2.35 < v < 3.47 . Nhu vay, bing
cach chon cac tham s6 mot cach phit hgp, ching to6i da thuc hién vién tai lugng ti thanh cong
mot trang thai két hgp thong qua ngudn dan r6i 1a trang thai thém va b6t mot photon lén hai
mode két hop SU(2).

5 KBET LUAN

Trong bai bao nay, ching t6i da khio sat tinh chat dan réi va dinh lugng do rdi clia trang thai
thém va b6t mot photon 1én hai mode két hgp SU(2) bing tieu chuan dan réi Hillery-Zubairy
bac cao vi tiéu chuan dan réi Entropy tuyén tinh. Két qud tinh toan cho thiy trang thii thém
va, b6t mot photon Ién hai mode két hgp SU(2) 1a trang thai dan r6i. Tuy nhién, tinh chat dan
roi 13 khong hoan toan, nghia 1a c6 ving dan réi manh nhung ciing ¢6 viing khong thite sy dan
rbi. Sau d6, chiing t6i sit dung trang thai niy lam ngudn rdi dé thyc hién vién tii lugng tit mot
trang thai két hgp v danh gia mitc do thanh cong ciia qua trinh vién tai tai thong qua do trung
thitc trung binh F,, . Cac két qua thu dugc cho thiy qua trinh vién tai 1a thanh cong trong
viing tham s6 dude Iita chon mot cach phu hgp vé6i trang thai c6 bien do bé, va do trung thuec
trung binh clia qui trinh vién tai nim trong khodng 0.5 < F,, < 1 . Tuy nhién, do trung thuc
trung binh ciia qué trinh vién tai 14 chua én dinh vA phu thudc nhiéu vio cic tham s6 dau vao
clia qua trinh vién tai lugng ti.
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Title: INVESTIGATING THE ENTANGLEMENT AND THE QUANTUM TELEPORTA-
TION WITH THE ONE-PHOTON-ADDED AND ONE-PHOTON-SUBTRACTED TWO MODE
SU(2) COHERENT STATE

Abstract: In this paper, we study the entanglement and the quantum teleportation in the one-
photon-added and one-photon-subtracted two mode SU(2) coherent state by using the Hillery-
Zubairy and the linear entropy criteria. The investigating results show that this state is an
entangled state. Then, using the one-photon-added and one-photon-subtracted two mode SU(2)
coherent state as an entangled resource to teleport a coherent state, we have found that the

teleportation process is successful, and the average fidelity Fj, of the teleportation process can
get the values in the range 0,5 < Fy,, <1 depending on the suitable parameters.

Keywords: Two-mode coherent state, Hillery-Zubairy criterion, Linear entropy criterion, Aver-

age fidelity of the teleportation.



