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Trong bai bao nay, chang toi dinh lwong dé réi va vién tdi heong tir cua trang
thai thém va bst mét photon Ién hai mode két hop. Bang viéc sir dung dong thoi
tieu chudn dan roéi Hillery-Zubairy bdc cao va tiéu chuan Entropy tuyén tinh,
chiing t6i thu dwoc két qua trang thai nay 1a mét trang thdi hoan toan dan réi khi
ta chon cac tham sé trang thai phu hep. Tiép theo ching tdi tién hanh vién tdi
leong tir V6i trang thai thém va bt mét photon 1én hai mode két hop, sau dé danh
gia mire d6 thanh cong cua qua trinh vién tai théng qua dg trung thuc trung binh.
Két qua cho thdy rang qué trinh vién tai lwong tir 14 thanh céng khi ta chon céc

tham sé trang thai phi hop.
Tir khoa: Tiéu chudn dan réi Hillery-Zubairy bdc cao, tiéu chudn Entropy tuyén

tinh,vién tai lirong tir, do trung thyc trung binh

1. Giéi thigu

Vao nam 1963 Glauber [1] va
Sudar Shan [2] da dua ra trang thai két
hop, d6 la trang thai twong Gng voi gid
tri thiang giang nho nhit suy ra tir hé
thec bat dinh Heisenberg. Sau do
Agarwal va Tara da dé xuat y tuong vé
trang thai két hop thém photon [3] va
ciing da ching minh dugc no la mot
trang thai phi ¢ dién nim 1991. Viéc
tao ra cac trang thai phi cd dién c6 y
nghia rit quan trong cho su phét trién
khoa hoc va cong nghé thong tin lugng
tr. Mot phuong phap quan trong dé tao
ra mot trang thai phi c6 dién maéi 1a viéc
thém va bot photon vao mot trang thai
vat ly. Trang thai thém va bét mot
photon I&n hai mode két hop c6 dang
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la hé sé chuin héa, &' va b Iin luot 1
toan tir sinh ddi véi mode a va toan tir
hay dbi voi mode b cua truong dién tir
véi hai mode a va b doc 1ap. Viéc khao
sat cac tinh chat phi ¢ dién cua trang
thai thém va bot mot photon Ién hai
mode két hop da duoc tac gia Nguyén
Hitu Luan [4] nghién ctu. Tuy nhién,
viéc dinh luong do rdi va vién tai luong
tr voi trang thai thém va bot mot
photon [&n hai mode két hop van chua
dugc dé cap dén. Vi vay, trong bai bao
nay chung t6i dinh luong do rdi va vién
tai luwong tur voi trang thai thém va bot
mot photon I&n hai mode két hop.
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2. Pinh lwong d9 réi cia trang
thai thém va bét mét photon Ién hai
mode két hop

2.1. Pinh lwong dj roi bang tiéu
chudn dan réi Hillery-Zubairy bdc cao

Tiéu chuan dan roi Hillery—Zubairy
bac cao [5] dua ra nam 2006 la mot 16p
bat dang thirc ma su vi pham caa ching
chi ra su hién dién cua dan réi trong cac
hé hai mode dugc cho bsi biéu thac

<“mém6*“6”> < ‘<ém6*”>2.

Dé thuan tién cho khao sét toi dua
vao tham s6 dan roi R dudi dang

o

Mot trang thai bat ky duoc xem 1
trang thai dan rdi néu R<O, nguoc lai
néu R>0 thi trang thai d6 khong dan rbi.
Str dung cac tinh chit cua cac toan tior
[4,a"]=1va [b,b']=1di voi mode a va
mode b, ta chimg minh duoc
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Pé don gian chung ta dat
azrlexp(igol),ﬂzrzexp(igoz) va
p=¢ +@, r,=kr=kr, dong thoi
thay vao cong thic (4). Két qua khao

2(m-1) "B‘z(nu) + ‘a‘z(mu) ‘ﬁ‘z(nu)]l

sat tinh dan rdi cua trang thai thém va
bt mot photon 18n hai mode két hop
thé hién thong qua cac do thi hinh 1 va
hinh 2.
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Hinh 1: D6 thi khdo sat s phu thugc ciia R(2,2) theo bién dé r, k = 1 #ng Véi
duwong (3), k = 1,5 ing voi duwong (1) va k = 2 izng vdi dirong (2)
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Hinh 2: D6 thj khdo sat si phu thudc ciia R(3,3) theo bién dé r, k = 1 4ng Voi
duwong (3), k = 1,5 wng voi duong (1) va k = 2 ing voi duong (2)

Tir dd thi hinh 1 va hinh 2 ta thiy
V6i cung diéu kién da chon thi gia tri
cua tham s6 R ludn c6 gia tri am, tic 1a
trang thai thém va bat mot photon Ién
hai mode két hop hoan toan dan rdi theo
tiéu chuan Hillery Zubairy bac cao. Dic
biét khi r cang tang thi R cang am,
nghia 13 tinh dan réi xay ra cang manh.

2.2. Dinh lwgng dj réi bang tiéu
chudn Entropy tuyén tinh

Tiéu chuan Entropy tuyén tinh cua
Agarwal va Biswas dua ra dé danh gia

murc d6 dan rdi cua trang thai da mode,
duoc cho boi ham
M =1-Tr(52), (5)

trong d6 Tr(p?) 1a phép lay vét cua ma
tran mat do rat gon p, binh phuong.

Mot trang thai rdi s& c6 M > 0 va
gioi han M = 1 &ng Vi trang thai dan
réi cuc dai, néu M = 0 thi trang thai
khong dan rdi. Bé tinh Entropy tuyén
tinh ta biéu dién trang thai thém va bot
mot photon 1én hai mode két hop theo
trang thai Fock

2
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Ma tran mat do cua trang thai thém va bot mot photon 18n hai mode két hop c6 dang
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Do d6 ma tran mat do [)a cua trang thai thém va bt mot photon 18n hai mode két
hop d6i véi mode a la

pa =T (p) = Na.ﬂzexp(—\“\z ‘W) Z a\/nﬂ'%ﬂﬁp'

x[JA+D,, (.l + 11+, (p-11] (8)
X [J(n+1)\n+1,m>ab —~ >ab]

Thay (8) vao (5) va bién d6i ta thu duoc

4

M =1- — exp(-2laf’ - 2|4
JL+|af +|] + 2Relap]

o ‘ ‘2(n+l)"8‘2(m+m) ’ ) (9)
m;no i [(n+n' +1)4Re[ap]+2Re[a’ B°]

+(1+2)(n+2)+mm’ +|a/ (m+m’)+m(n +] +2)}.

Dé thuan tién cho viéc khao sat ham  sat tinh dan réi cua trang thai thém va
Entropy tuyén tinh, chung ta dit  bdt mot photon 1én hai mode két hop
a= rlexp(i(pl), B=r, exp(i(pz) va thé hién thong qua d6 thi hinh 3.
=@, +@,, r,=kr=kr, dng thoi
thay vao cong thuac (9). Két qua khao
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Hinh 3: Do thi khdo sét entropy tuyén tinh theo r cia trang thai thém va bot mét
photon Ién hai mode két hop, k = 1 itng véi dweong (3), k = 1,5 ieng Vi durong (1)
va k = 2 ing vdi duong (2)
Tir d6 thi hinh 3 ta thdy tham s6 M két hop 1a trang thai dan rdi theo tiéu
cO gid tri tir 0 dén 1, khi r cang ting thi  chuan dan rdi Entropy tuyén tinh.
M tién dén gia tri 1. Vi vay trang thai
thém va bat mét photon 1€n hai mode
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3. Qua trinh vién tii lwgng tir véi & Bob. Trang thai thém va bot mot
trang thai thém va bét mét photon  photon Ién hai mode ket hop c6 hai
lén hai mode két hop mode a va b, trong d6 mode a dugc dua

3.1. Qua trinh vién tai lwong tie toi Alice va mode b dugc dua téi Bob

Trang thai thém va bét mét photon va trang thai duogc vién tai la trang thai

len hai mode két hop 1a mét trang thai K&t hop |y)_ tuong éing véi mode ¢
roi hai mode, do d6 trang thai nay dugt  duogc dua vao Alice. Tai noi gii thong
sir dung lam nguodn réi dé vidn tai lwong  tin, dAu tién Alice s& thuc hién viéc to
tir mot trang thai két hop. Theo md hinh hop trang thai ‘7> Vi ‘l//> tré thanh
vién tai cua Agarwal va Gabris, bén giri ¢ ab
thdng tin la Alice va bén nhan thong tin

af +|8]
2 nzanu_ (10)

< [V@eDlnsm), 7).+ mjnm-1, ), |

Tiép theo, Alice dung phép do Bell do nay hinh thanh nén mét trang thai réi
t6 hop trén hai mode a va ¢ dé do thong phac hop, chinh la trang thai Bell.
tin vé mac do dan réi giita ‘7/>C Trang thai Bell dugc biéu dién qua
trang thai Fock nhu sau

mot trang thai ba mode c6 dang

‘l//>abc = Nflvﬂ eXp -

va‘l//>ab dua trén hai mode a va c. Phép

0

IB(X,P))._ =%Z D.(2A) k,k)._. (12)

k=0

Khi phép do t6 hop hoan thanh,  cung chia sé trang thai réi nén Bob co
trang thai nay sup d6. Do Bob va Alice  trang thai sau

xexp( A’y — Ay*)exp(—;y—zAzj

<[ =287, + YR -2 -3, |

Bay gio, bén Bob ton tai trang thai ~ hé sb diéu khién ma Bob dung dé hoan
rng voi mode b chaa cac thong tin vé thién do trung thuc cua quéa trinh vién
mode c. Bob sé thuc hién phép dich tai. Trang thai cudi cung thu dugc trong
qua trinh vién tai s& 1a

(12)

chuyén D(g2A)dé xay dung lai trang

thai duoc vién tai ban dau |y)_, voi g la
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Bén thoi diém nay, qué trinh vién i cong néu 0,5< F,, <1. Qua trinh vién

cbng cta qué tinh vien tai chang ta phai duge F,, =1. Do trung thyc trung binh

dya vao do trung thyuc trung binh F N X .
a vao Co frung g av trong qua trinh vién tai dugc xac dinh

3.2. by trung thuc trung binh cia 4 cou

qué trinh vién tdi ,
d2A. (14)

2
F. =1l
Do trung thyc trung binh F,, duoc av j 'n<l/j‘l/l>out

dung dé xac dinh su thanh cong cua qué Tur (13) suy ra

trinh vién tai. Qua trinh vién tai 1a thanh
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Thay (15) vao (14) ta thu dugc
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Biéu thic (16) cho biét do trung thyc trung binh. Chon truong hop g =0
thuc trung binh dudi dang téng quét, va thyc hién cac budc bién ddi, ta thu
v6i g 1a hé sb Bob dung dé hoan thién  duoc biéu thire d6 trung thuc trung binh
do trung thuc cua qua trinh vién tai, nén c6 dang
ta ¢ thé chon g dé diéu khién do trung

Foo == |N, " exp(~[af =|8 - 1)

X i a'fra Iexp(—\y—ZA\z)

T p=0 nlml||pl
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Pé thuan loi cho viéc khao sat, ching ta s& khao sét‘,b" vaM theo‘a‘v(yi

‘ﬂ‘ = ‘7/‘ =k ‘a‘ , tir 6 d6 trung thuc trung binh duoc viét lai dudi dang

1 2 2
= expl —|a| —2(k
" Ltfof + (Kla) + 2Relap] p[ -4 a”
(m+ n m+p+ (19)
Sl P L
X - .
n,n%lo nim!p! ( aﬂ) n%:o nim!p!

Chang t6i khao sat su phu thudoc  vién tai luong tir voi ngudn rdi 1a trang
cia F vao bién do két hop ‘a‘ theo  thai thém va bét mot photon Ién hai
2 . X 4 oA g s mode két hop. Két qua khao sat duogc
biéu thic (19) dé danh ua trinh Y : NN i
eu thiic (19) dé dénh gid ve g thé hién thong qua do thi hinh 4.
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Hinh 4: D6 thi dg trung thue trung binh theo bién dg két hop |a|cua trang thai them

va bét mét photon 18n hai mode két hop, k = 1,1 #ng véi dwong (3), k = 1,2 #ng Véi
duwong (1) va k = 1,3 urng voi duong (2)

Tur d6 thi hinh 4 cho thay rang két
qua cta qua trinh vién tai la thanh cong,
gia tri cua do trung thuc trung binh F,,
nam trong khoang tir 0,5 dén 1 khi r c6
gia tri nho.

4. Két luan

Trong bai bao nay, chuang toi s
dung tiéu chuin dan rdi Hillery-
Zubairy bac cao va tiéu chuan dan réi
Entropy tuyén tinh dé khao sat tinh dan
réi cua trang thai thém va bot mot
photon 1&n hai mode két hop, st dung
trang thai nay lam nguén rdi dé thuc
hién vién tai lugng tr mot trang thai két
hop va tinh d6 trung thuc trung binh
cua qué trinh vién tai. Két qua cho thiy,
trang thai thém va bat mot photon Ién
hai mode két hop 1a mét trang thai dan
rbi theo tiéu chuan Hillery-Zubairy bac
cao va tiéu chuan Entropy tuyén tinh.
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Khi xé4c dinh céc tham sé trang thai phu
hop thi trang thai nay Ia mot trang théi
dan r6i hoan toan va co thé sir dung
ching nhu 13 mot nguon tai nguyén dan
réi dé vién tai lwong tr. Chung toi da
thuc hién qua trinh vién tai luong tur
mot trang thai két hop voi nguon réi 1a
trang thai thém va bdt mot photon [én
hai mode két hop va danh gia sy thanh
cong cta qua trinh vién tai thong qua do
trung thuc trung binh cua qua trinh vién
tai. Két qua cho thdy, do trung thuc
trung binh cua qué trinh vién tai nam
trong khoang 0,5<F,, <1 Vvéi trang
thai c¢6 bién do bé va do trung thuc
trung binh tién gan dén 1 khi chon cac
gid tri tham so |a|=|pg|=|y|. Vay
qua trinh vién tai lugng tir véi nguon rdi
la trang thai thém va bét mot photon 1én
hai mode két hop 1a thanh cong.



TAP CHI KHOA HOC - PAI HOC PONG NAI, SO 13 - 2019 ISSN 2354-1482

TAI LIEU THAM KHAO

1. Glauber. R. J. (1963), Phys. Rev. Lett, 131, 2766

2. Sudarshan. E. C. G. (1963), Phys. Rev. Lett, 10, 277

3. Agarwal. G. S. and Tara. K. (1991), Physical Review A, 43, 492

4. Nguyén Hitu Luan (2017), “Nghién ciu céc tinh chat phi c6 dién cua trang
thai thém va bot mot photon 18n hai mode két hop”, Luan van Thac si Vat ly, truong
bai hoc Su pham Hué

5. Hillery M. and Zubairy M. S. (2006), Phys. Rev. A, 74(3), 032333

A STUDY OF ENTANGLEMENT PROPERTY AND QUANTUM
TELEPORTATION WITH SINGLE-PHOTON ADDED AND SUBTRACTED
TWO-MODE COHERENT STATES

ABSTRACT

In the paper, we consider entanglement property of single-photon added-and-
subtracted two-mode coherent states. By applying the higher-order Hillery-Zubairy
entangled and linear Entropy conditions, we concluded that the single-photon added-
and-subtracted two-mode coherent states are absolutely entangled states. Then the
states are used as an entangled resource for the quantum teleportation of a
combination states to assess the efficiency of the process via the average fidelity.
From the results of the average fidelity, we show that teleportation process is
successful when the fidelity reaches the value of 0.5< F, <1.

Keywords: Entanglement property, quantum teleportation, Hillery-Zubairy
entagled conditions, linear Entropy condition
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