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PINH LUQNG PO ROI VA VIEN TAI LUQONG TU VOI TRANG THAI
THEM HAI VA BOT MOT PHOTON LEN HAI MODE KET HQP
Nguyén Trwong Sinh®
Truwong Minh Drrc’
TOM TAT
Trong bai bdo nay, chiing téi khdo sdt tinh chat dan réi va dinh lirong do roi cua
trang thdi thém hai va bét mét photon 1én hai mode két hop bang tiéu chuan Hillery-
Zubairy bdc cao va tiéu chuan Entropy tuyén tinh. Két qua khdo sdt cho thdy trang
thai thém hai va bot mét photon lén hai mode két hop la mét trang thdi dan réi
manh. Bang viéc sir dung trang thdi ndy dé vién tai long tir mét trang thdi két hop
chiing toi thay rang qud trinh vién tdi la thanh céng khi chon cdc tham sé phit hop va
do trung thuee trung binh ciia qud trinh vién tai nam trong khoang tir 0,5 < Fav <1.

Tir khéa: Tiéu chuan dan roi Hillery — Zubairy bdc cao, tiéu chuan dan roi
Entropy tuyén tinh, khdo sdt qud trinh vié tai rong tiz, dé trung thuc trung binh cia

qud trinh vién tai lwong tir

1. Giéi thiéu

Trang thai két hop duoc ki hiéu Ia
|a> do Glauber [1] va Sudar Shan [2]
dua ra vao ndm 1963. B¢ la trang thai
tuong tng voi thang giang lugng tu nho
nhat suy ra tr hé thac bat dinh
Heisenberg.Vao nam 1991, Agarwal va
Tara di dé xuat y tuong veé trang thai
két hop thém photon [3] va ciing da
chiing minh dugc day la mot trang thai

phi ¢6 dién. Viéc thém va bst photon
vao mot trang thai vat Iy 1a mot phuong
phép quan trong dé tao ra mot trang thai
phi ¢6 dién mai, tir 46 mé ra nhiing tng
dung mai trong ky thuat, cong nghé
thong tin luong ti. Trang théi thém hai
va bot mot photon 1én hai mode két hop

dugc dinh nghia nhu sau

‘l//>ab = Naﬂ (éT2 +b)‘a>a ‘ﬂ>b ! (1)

trong do a"1a toan tir sinh déi véi mode a, b 1a toan tor huy ddi vai mode b,

N, 1a h¢ s6 chuan hoa

1

N

)

Viéc nghién ctu cac tinh chat phi
co dién cua trang thai hai va bot mot
photon 1én hai mode két hop da duoc
tac gia Nguyén Minh Nhan [4] nghién
ctiu. Tuy nhién, viéc dinh lugng do rdi
va vién tai luong tir véi trang thai thém
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hai va bot mot photon 1én hai mode két
hop van chua dugc dé& cap dén.Vi vay,
trong bai bao nay chung t6i tién hanh
dinh luong d6 rdi va vién tai luong tir
V4i trang thai thém hai va bot mot
photon 1én hai mode két hop.
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2. Pinh lwong dd réi cia trang
thai thém hai va b6t mot photon 1én
hai mode két hop

2.1. Pinh lwong dé réi bing tiéu
chudn dan réi Hillery-Zubairy béc cao

Vao nam 2006, Hillery va Zubairy
[5] dé kiém tra phuong sai tich cac toan
tr sinh va huy photon cua cac bat dang
thac ma Hillery va Zubairy da dua ra va
sy Vvi pham cta chung chi ra sy dan roi
trong hé hai mode dugc cho boi

(a"mam5m6n) <[(am6™) g 3)

Ry (m,m) =[N, [ {(|a*""™ + 2(m + )|

+(Mm+1)(m+2)|a[" +2m||

2(m-1)

+2m*(m+1)|c|

+2m*(m-1)||

2(m-1)

Dé thuan tién cho khao sat chung toi
dua vao tham so dan roi Ry dudi dang

R, =(a"a"5"6" ) - <am6*">2. (4)

Mot trang thai bat ky dugc xem la
trang thai dan réi néu R, <0va R,
cang am thi mtc d6 dan rdi cang ting,
nguoc lai néu gia tri R, >0 thi diéu
do c6 nghia rang trang thai d6 khong
dan r6i. Trong trang thai thém hai va
bt mot photon 1én hai mode két hop thi
R, ¢6 dang nhu sau:

2(m+1)

2D Am(m+1) |o:|2m

+m(m-21)|a™"

+m?(m—-1)° |of ") "

+2Re [(a*(wz)am +2me M g (M

+m(m-Da"a™? )ﬁ*<n+1>ﬁn ] e |ﬂ|2<n+1)}
o (o 22l o)
+(a?a™ +2ma’e ™ + m(m -1 ™) g7

+ad ™I BB o B0 )

<{(|je" +2(m-+2)|af +(m+(m+2))ap"

+ (aza*m +2maa” ™ + m(m -1)a ™2 ),8(””)

)

+a*(m+2)ﬂnﬂ* +a*mﬁ(n+l)ﬁ*}.

Pé thuan tién cho viéc khao sat qua
trinh dan rdi, ching toi chon cac thong
s6 a=rexp(ip,), B=r exp(ip,)va
khao sat biéu thiic (5) theo bién do I, va

pha dao dong ¢, véi diéu kién khao sat

122

la 0<r, <10, @, =2¢, va %:%. Két

qua khao sat tinh dan rdi cua trang thai
thém hai va bot mot photon 1én hai mode

két hop duoc cho boi cac do thi sau:
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Hinh 1: Khdo sdt suw phu thugc cia tham sé Ry (3,2) vdo bién dé két hop rp, trong
cac truong hop ra=ry, (d@wong (1)), ra=1,5r, (duwong (2)) va ra=2ry, (duwong (3))

of
-1x10°|
-2x10°%}
& =3x10%;
-4x10°%| 3) (1)
-5x10°}
-6x10°; @
-7x10° . . . . .
0 2 4 6 8 10
p
Hinh 2: Khdo sdt sw phu thugc cia tham sé Ry (3,3) vdo bién dé két hop ry, trong
cac truong hop ra=ry (dwong (1)), ra=1,5r, (duwong (2)) va ra=2ry (duong (3))

=
x

-2x10"} @) ]
-4x101}
3) )

Ry(4,3)

-6x10"]

-8x10"1}

-1x10"2},

rp

Hinh 3: Khdo sdt sw phu thugc cia tham sé Ry (4,3) vdo bién dé két hop rp, trong
cac truong hop ra=ry, (dwong (1)), ra=1,5r,(dwong (2)) va ra=2ry, (dwong (3))

Tir cac do thi trén, ta thay khi chon bot mot photon 1én hai mode két hop
cung cac tham s thi gia tri cua Ry ludn hoan toan dan rdi theo tiéu chuén
ludn am, tac 1a trang thai thém hai va Hillery va Zubairy bac cao. Khi bién do
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két hop r cang 16n thi Ry cang am, tac trong d6 Tr( /35 ) la phép lay vét

1a kha nang dan rdi cang mang. cua ma tran mat do rut gon ,5& binh
2.2. Dinh lugng dj roi bang tiéu

. 5 phuong. Mot trang thai dan roi cang
chuan Entropy tuyén tinh

manh néu M cang gan don vi. Trang
thai dan ri dat cuc dai khi M=1, trang
thai khong dan rdi khi M=0.

Trang thai thém hai va bst mot

Phép do mirc d¢ dan roi cia mot
trang thai luong tir hon tap dugc mo ta
bdi mot toan tir mat do I thong qua
entropy tuyén tinh M. Entropy tuyén . .

Py 1y Py tY photon 1én hai mode két hgp dugc
tinh cia mot ma tran mat do duogc xac i R . ,
_ biéu dien qua trang thai Fock c6 dang
dinh boi

M =1-Tr(p?), (6)

|l//>ab - Naﬁ(éT2+6)|a>a|ﬂ>b
_Naﬂexp[_|a| -;|,B| ]i a"'p” (7

r—=nm!
x(,\/(n +1)(n+2)[n+2,m) +«/H|n,m—l)ab),

trongdo N, 1ahé s6 chuan hoa cho bai biéu thuc (2)
Xét truong hop tong quat, ma tran bt mot photon 1én hai mode két hop
mat do ﬁcﬁa trang thai thém hai va co dang
p= |W>abba vl

2 RPN § a'fPE& a"p"
i eXp( [of =141 )).,,,Z_“oa/l!p!n,mz_0 nim! (8)
% (sl P+ 2T+ D) +2) +, (=11 1p)

x(a/(n +1)(n+2)|n+2,m) +\/E|n,m—l)ab),

:‘N

hay

, , , © npm _*l o*p
exp(_|a| _|ﬁ| ))nmIZp—O%

><(\/(l +1)(1+2) (Pl +2]+p,,(p-1] |) 9)
x( (n+D(n+2)|n+2,m) +\/E|n’m_l>ab)'

ﬁ:‘Naﬂ
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Do d6, ma tran mat &6 P, ctatrang  mode két hop ddi voi mode a la
thai thém hai va bot mot photon 1én hai

P =Tr(p ‘N (—|0‘|2_|ﬂ|2))Trbnmi 0%

x(,\/(l+1)(|+2)ba(p,|+2|+ﬁba<p—1,||) (10)
x( (n+D(n+2)|n+2,m) +\/ﬁ|n,m—1)ab).

Thuc hién bién dbi ta duoc entropy bot mot photon 1én hai mode két hop co
tuyén tinh cua trang thai thém hai va dang

M =1-Tr(p?) =1-|N, | exp(~2(|af +[5f )

2(n+l) 2(m+m")
e a IB
) { $ la gl

amrm—o  NImIIm’!

x(1+D(+2)+(n+D)(n+2))(Ba’ + ™)

o |a|2(n+l) |IB|2(m+m)

2 *2 n*
+ sypTTE— x2m'(a“f+a )
n,m,l,m'=0 . =0 .

o |a|2(n+|) |ﬂ|2(m+m')

, X(a4ﬁ2+a*4ﬁ*2)
n,m,l,m'=0 n'm!iim’! (ll)
0 2(n+l) 2(m+m")
o " 1A

+

+ x((n+)(n+2)(1 +1)(1 +2) + mm’)

amim—o  NImHIm’!
o |a|2(n+|+2) |ﬂ|2(m+m')

+ x(m+m')

Nl =0 nim!im’!

>

n,m,l,m'=0 n!m”!(m'_]_)!

|a|2(n+|) |ﬂ|2(m+m')

((1+D)(1+2)+(n+1)(n +2))}.

Pé thuan tién cho viéc khao sat khao sat tinh dan rdi cua trang thai thém
biéu thiac (11) ta chon cic thong hai va bot mot photon 1én hai mode két
sda=r,exp(ip,), S=r,exp(ip,) va  hop duoc cho boi d6 thi sau:
khao sat theo bién d6 r, va pha dao dong

@, Vv6i didu kién khao sat 1a r,=2r,

0<r,<10,¢, =0, 0, =%. Két qua
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Hinh 4: Khdo sat sy phu thugc cua tham s6 M vao bién do két hop 1y, trong cac
trueong hop ra=2ry, (duwong (3)), ra=4r, (duong (1)) va r,=6ry, (duong (2))

Két qua hinh 4 cho thay tham s6 M
nam trong khoang tir 0 dén 1 nén trang
thai thém hai va bét mot photon 1én hai
mode két hop 1a trang thai dan réi. Khi
bién d9 r, cang 16n so véi bién dd ry, thi
muc d6 dan rdi cang nhanh tién dén 1
diéu d6 chuing to trang thai nay cang
réi. Nhu vay, trang thai thém hai va bét
mot photon 1én hai mode két hop dat
dén cap d6 dan rdi cuc dai khi ta chon

cac thong sd phu hop va thoa man diéu

Kién dan rbi dé thuc hién nhiém vy qua
trinh vién tai lugng tir.

3. Qua trinh vién tai lwgng tir véi
trang thai thém hai va bét mot
photon 1&n hai mode két hop

3.1. Khdo sdt qud trinh vién tdi
lwong tir VJi trang thdi thém hai va bot
mét photon lén hai mode két hop

Trang thai thém hai va bot mot
photon 1én hai mode két hop duogc biéu
dién theo trang thai Fock c6 dang

) 2
al +|p
|l//>ab = Na,ﬂ exp[| | 2 | | J

00 anﬂm
n%;‘o Jnim!

x[,/(n +1)(n+2)|n+2,m) +«/ﬁ|n,m—1>ab].

Pay 1a mot trang thai rdi hai mode,
do d6 trang thai nay duoc st dung lam
ngudn rbi dé vién tai lwong tir mot trang
thai két hop.

Theo mé hinh vién tai cia Agarwal
va Gabris, bén goi thong tin 1a An va
bén nhan thong tin 1a Binh. Trang thai
thém hai va boét mot photon 1én hai

mode két hop c6 hai mode a va b, trong

126

d6 mode a dugc dua tdi An va mode b

duoc dua téi Binh, trang thai dugc vién
tai 1a trang thai két hop |y)_ tuong tng
véi mode ¢ dugc dua vao An. Tai noi
guri thong tin, dau tién An sé& thuc hién
viéc to hop trang thai |7/>C va |l//>abtré

thanh mot trang thai ba mode c6 dang

(12)
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|l//>abc = Naﬁ [ |ﬂ| ]nzo \/m (13)
x[,/(n +1(n+2)[n+2,m)_|7), +\/ﬁ|n,m—1>ab|7>c].

Tiép theo, An dung phép do Bell t6  phtc hop, chinh 1a trang thai Bell.
hop trén hai mode a va ¢ dé do thong  Trang thai Bell duoc biéu dién qua

tin vé mic do dan réi gira |y) va  trang thai Fock nhu sau

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

do nay hinh thanh nén mot trang thai roi
B(X,P)) =—2%"D (28)[k k). (14)
| >ca \/_Z:(): | >ac

Khi phép do t6 hop hoan thanh, cung chia sé trang thai réi nén Binh ¢
trang thai nay sup d6. Do Binh va An trang théi sau

2
2 af +|B
|W>B=ﬁNa,ﬂeXp{——| |2| | J

XZ

an

(15)

. . 1
exp(A y— Ay )eXp(_§|7—2A|2)

1 n+2 \/H n
| Jn—v o) I+ Y24 Im-3), |

Bay gio, bén Binh ton tai trang thaii  hé s6 diéu khién ma Binh dung dé hoan
g voi mode b chta cac thong tin vé thién do trung thuc cia qua trinh vién
mode c. Binh s€ thuc hién phép dich tai. Trang thai cudi cung thu duoc trong

chuyén D(g2A) dé xdy dung lai trang ~ qud trinh vien tai s¢ Ia

thai dwoc vién tai ban dau |7/>C ,VGi g la

2 1o 5
¥ o — T e eXp[ ]n;ox/m (16)
x<exp( Ay — Ay*)exp(—%V—ZAfj

x[%(y—ZA)

+%(7/—2A)” I5(92A)|m—1>b}.

n+2

D(g2A)|m),
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Pén thoi diém nay, qua trinh vién
tai dd hoan thanh va dé danh gia mirc
do thanh cong cua qua trinh vién tai
chiung ta phai dgya vao do trung thuc
trung binh F,,

3.2. Bg trung thyec trung binh F,,

D¢ trung thue trung binh F,, dugc

dung dé xac dinh sy thanh cong cia qua

trinh vién tai. V&i Fp, =0,5 1a gi6i han
cua vién tai c6 dién. Qué trinh vién tai
la thanh cong néu 0,5< Fyy <1. Mot
qua trinh vién tai duoc danh gia 1a hoan
hao néu dat dugc F, =1. Do trung

thuc trung binh trong qua trinh vién tai

duoc xac dinh nhu sau

2
I:av :J. in <W|W>out ? (17)
bé x4c dinh Fav ta tinh
2 e 418 | & e
_ =N “r
. . 1 (18)
xexp(Ay - Ay )exp(—5|;f_2A|2)
1 n+ A
x[ﬁ(y—zA) *(7|D(g2A)|m),
Jm R
+ﬁ( —2A)" (7 |D(g2A)|m-1), |
Thay (18) vao (17) ta thu dugc do trung thuc trung binh nhu sau
2 4 2 2 2
F, =], d2A==|N “lof -
av J.|n<l//|'//>out T a.p exp( |(Z| |ﬁ| )
o npopm_*l o*p
ly—2AR —ly— a2 AP a'pla B
xexp( =24 - |) ;3 nim!lip! (19)
X{(]/—ZA n+2( *_gZA) ( )I+2 —gZA)p

+p(r-28)"(r" - 92A) (y —2A) y—g2A)""

+m(y—2A) (r —ng) (

)I+2 }/ gZA)p

wmp(y—2A) (7 - g2A )" (' =2 ( ng)‘”}d A

Biéu thic (19) cho biét @6 trung
thyc trung binh dudi dang téng quat,
V6i g 1 hé s6 diéu khién Binh dung dé
hoan thién do trung thuc cta qua trinh
vién tai, nén ta c6 thé chon g dé diéu

128

khién do trung thuc trung binh. Chon
treong hop g = 0 va thuc hién cac budc
bién d6i, ta thu dugc biéu thirc do trung
thuc trung binh c6 dang
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2

F, = N“T"Bexp(—|a|2 —|ﬂ|z)exp(—|y|2)

X i MIexp(—V—ZAF)

amipo NIMITP!

(20)
(-2 (7 -2m) e
+p(y-28)"(r —2A);/ (7)

em(y=28) (5 =28) " () P

+mp(7 2A) (7/ 2A)|(7) (7/ } )/—ZA).

p-1

Thuc hién cac phép bién d6i ta thu duoc
F =[N, 4| exp(~|of" =[5 )exp(~|[")

a.fp

) { $ o ﬂmﬁ*py"mw’(n+l)(n+2)

nm e nim!p!

(21)

Z|a| ,3 () *2

0124
n,m,p=0 n'm'p'

o B ()
+mZp:=0 m!l!p! me
B AT 0 N

nmp<0 n'm!p!

DPé thuan loi cho viéc khao sat, |a|v(yi |,B|=|;/|:k|a|,ttr d6 d6 trung
ching ta s& khao sat |ﬂ|vé1 |7/| theo  thyc trung binh dugc viét lai dudi dang

exp(—|a|2

av

2+ 4|0£|2 + |05|4 +ka® +ka™ +k? |0{|2

X{ Zw: |05|2n (k|a|)2m+2p (n+2)(n+1)

nm PO nim!p!
© |0£ |2n+2 (k |0£ |)2m+2p—l "
+n,mZp“=o nim!p! ba
© |0£ |2|+2 (k |al)2m+2p—l
m%“_o m!l!p!
i la " (k| e [)>™2P mp}.
nm PO min!p!

(22)

ma?
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Hinh 5: Sy phy thugc cua dé trung thuee trung binh F y vao bién do két hop |0(| voi

a

cac gia tri k=1,5 wng voi duong (2); k=1,1 ung voi duwong (3);
k=0,6 wng voi duong (1)

Chung t6i khao sat sy phu thudc
cua F,, vao bién do két hop |cr|theo
biéu thirc (22) dé danh gia vé qué trinh
vién tai lugng tir voi ngudn rdi 1a trang
thai thém hai va bt mot photon 1én hai
mode két hop. Két qua khao sat duoc
thé hién trén hinh sau;

Tir @6 thi hinh 5 cho ta thay rang
néu cac gia tri cua k dwa vao phu hop
thi F,,ndm trong khoang o05<F, <1
ttrc 12 qua trinh vién tai thanh cong.

4. Két luan

Trong bai bdo nay, chung t6i su
dung tiéu chuan dan rdi Hillery-
Zubairy bac cao va tiéu chuan Entropy
tuyén tinh dé khao sat tinh dan rdi cua
trang thai thém hai va bot mdt photon
1én hai mode két hop va st dung trang
thai nay lam ngudn réi dé thuc hién

vién tai luong tir. Két qua cho thay:

130

Thir nhat, trang thai thém hai va bt
mot photon 1én hai mode két hop 1a mot
trang thai dan rdi theo tiéu chuan
Hillery-Zubairy bac cao va tiéu chuan
Entropy tuyén tinh. Khi xac dinh céc
tham s trang thai phu hop thi trang thai
nay 1a mot trang thai dan rdi hoan toan
va c6 thé sir dung chung nhu 1a mot
ngudn tai nguyén dan rdi dé vién tai
luong tar.

Tht hai, ching t6i da thyc hién qua
trinh vién tai lugng tir véi ngudn réi 1a
trang thai thém hai va bdt mot photon
Ién hai mode két hop va danh gia su
thanh cong clia qua trinh vién tai thong
qua do6 trung thuc trung binh cua qua
trinh vién tai. Két qua cho thiy qua
trinh vién tai 1a thanh cong, do trung
thyc trung binh cta qua trinh vién tai
ndm trong khoang 0,5<Fg, <1 Voi

trang thai c6 bién d§ bé. Tuy nhién, do
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trung thuc ctia qua trinh vién tai la chwa  gan dén 1 khi chon céc gia tri tham s6
6n dinh va phu thudc vao cac tham $6 |ﬁ| =|7/|= k|a|-
dua vao, do trung thyuc trung binh tién
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INVESTIGATING ENTANGLEMENT AND QUANTUM
TELEPORTATION WITH TWO-PHOTON-ADDED AND SINGLE-
PHOTON-SUBTRACTED TWO-MODE COHERENT STATES

ABSTRACT

In this paper, we investigate entanglement property of two-photon-added and
single-photon-subtracted two-mode coherent states. The obtained results show that
this state is entangled satisfying higher-order Hillery-Zubairy entangled and linear
Entroyp conditions. This state is used as an entangled resource for quantum
teleportation of a coherent state. Considering the average fidelity on the graphs, we
found that the quantum teleportation process is successful with Fav approaches 1.
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