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TOM TAT

Trong bi bdo ndy, ching 10 nghién cu cde tinh chdt phan két chim béc cao ciia trang
thi dich chuyén Fock hai mode. Két qua khdo sit cho thdy trang thai dich chuyén Fock
hai mode 1 mot trang thai phi o6 dién thong qua tinh chdt phan két chivm béc cao. Béng
cdoh thay ddi ode tham 56 ciia trang théi Fock hai mode va cde tham sé dich chuyén,
trang thai dich chuyén Fock hai mode thé hign tinh chdt phan két chizm bc cao. 56 béc
cdng cao thi tink chdt phin két chim cang dwoc tdng cwimg. Hom nita, khi ding tiéu
chudn dan rdi Hillery-Zubairy dé khéo sdt thi trang thal dich chuyén Fock hai mode
khéng thé hién tink dan rdi va trang thdi ndy khong phit hop dé thye hign qua trinh vién
tai hegmg ni.

Tir khéa: Tink chdt phan két chiim hai mode, réi hemg i, trang thai Fock djch chuyén
hai mode.

1.MO PAU

Trong mét vai thip nién gin ddy, cic trang théi phi cd dién c6 déng gop ndi bat trong
linh vy quang lwgng tir, truyén thng lugng tir va tinh todn lugng tir [1). Céc déng gép d6
duge khing dinh théng qua img dung céc trang théi phi cd dién vio viéc phét hién song hép
diin trong giao thoa ké LIGO [2] va phin phéi khéa lwgng tir [3]. M@ hinh tao ra cic trang thai
phi cb dién 43 duge dé xult thong qua céc thiét bj quang va cai tién cdc ky thuit trong quang
lugng tir [4, 5]. Céc img dyng cla nhimg ky thujt ndy c6 thé tao ra cdc trang thdi lwgng tir
hitu han chiéu [6], va céc 18 tréng trong phin bé s6 lugng photon [7).

Nim 1991, trang thi phi cd dién goi I3 trang thii don mode két hop thém photon duge
dua ra boi Agarwal va Tara [8] bing céch thém photon véo trgng thai don mode két hop, va
sau d6 trang théi ndy di dugc tao ra trong phong thi nghiém [9]. Sau d6, mjt sb trang thai don
mode méi duge dé xuit bing cich thém va bt photon 1én ho céc trang thii phi cd dién va cac
diic tinh phi ¢b dién cia ching ciing da duge nghién ciru [10, 11] nhu trang théi két hop nén
duge thém/trir photon [12, 13], va trang thii két hop ting cudmg nén-ting cuimg thém/trir
photon [14, 15]. Gén déy, mét sb trang théi phi cb dién don mode nhur trang thai Fock djch
chuyén duge thém vio vihojc trir di photon da duge d& xudt va nghién ciru vé cic djc tinh
phi ¢ dién ciia ching [16, 17). Ngodi céc trang théi phi cd dién don mode thi cic trang théi
phi ¢d dién hai va nhiéu mode ciing duge dé xudt v nghién ciru. Céc trang théi phi ¢d dién
hai mode va nhiéu mode khong chi thé hi¢n céc tinh chdt phi ¢b dién ma con thé hién kha
ning dan rdi giita cic mode [18, 19] nhu trang thi két hop cip bd sung photon [20, 21, va
trang thai nhiét nén hai mode duge thém photon [22]. Trong ho céc trang thai phi cb dién hai
mode, trang théi Fock dich chuyén hai mode di duge dé xuit vio nim 2007 [23]). Qua trinh
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vidn i I\rqngtll’v‘h"@&né'“"lnsﬂ\h?ockdldldﬂ)‘"hlmokﬂﬁmﬂlhhm
wong thdi gian gin déy [24] trong d6 qud trinh vidn tai 14 khong thinh cdng.

Trong bai bio ndy, ching 13i khdo sét tinh chdt phan két chiim hai mode bic cao v tinh
chidt dan rdi ca trang thii Fock dich chuyén hai mode thdng qua tiéu chudn dan réi Hillery-
Zubairy. Céu triic bi bio gdm phin 1 13 phin mé dlu. Phin 2 giéi thigu v& trang thii dich
chuyén Fock hai mode v biéu thirc tinh trung binh tdng quét. Phin 3 nghién ciru cde tinh chilt
phin két chim biic cao trong trang thii Fock djch chuyén hai mode. Ngodi ra, tinh chdt dan
i cia trang théi dich chuyén Fock hai mode da duge khio sét trong Phin 4, vi Phin § 1A
phén két lugn.

2. TRANG THAI D]CH CHUYEN FOCK HAI MODE

Trang thii dich chuyén Fock hai mode |y}, , - duge dua ra basi Ping vi cc cdng sy (23]
dudi dang

W)osmn = lBim) = Da)D(B)mm,), 0

wong d6 D(a) v D(B) lan lugt 1 cic todn tir dich chuyén va |n,m,)=|n)®[n,) 1A trang

théi Fock hai mode véi 7, vi n,12 54 hat photon img véi mode thir nhit a v mode this hai .
Trong biéu dién thong qua cdc trang thii Fock hai mode, trang théi dich chuyn Fock hai
mode duge viét lai [25] nhur sau:

| n'

(n-P) (o (ny=p3)
Wlesnn™ T'T‘,.i.o;m {l)!Pz'(”z Pz)’( )
xexp ‘H ‘{’t:’-z J"’l Pl 2)

Jom m) m
x m,+p,)!|m,+p,,m,+p,),

trong d6 céc sb phic @=r,e™, f=re™ vii 1,1, ,, vi @, sb thyc. Dya vio [25), biéu

thirc tinh trung binh tdng quét ciia céc todn tir glih hai mode déi véi trang thai dich chuyén
Fock hai mode:
H,jy= (aa's"V

= (a,ﬂ,n,.n,la"a’b"b’la B.n,)
" VA NaR)
g‘ognh )Py !(n. p)!‘ P e el

1 n,! M (e aymend
"z';gopz("z P2 )P Y m-p) (2 cpf el )
- ana'(-w«-n* ("\*Pl“‘])""l*ﬁ)‘
e mimin- py+i=j)m+p—j)

& B BN (my+ py k-1, +p, )

-,d "'z("'z"l’: p‘+k—l)(m,+p,-l ' 3)
trong 46 i, j, k, vi | li céc s6 nguyén khong im.

x
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A TINH CHAT PHAN KET CHUM BAC CAO

MM trong nhimg 1w chudn 3 khdo &8t hidu img phan két chiim hai mode dd duge dua
ra b Lee [26, 27). Sy vubt hign photon phin két chim chimg 16 tinh chit phi cb dién cia
trang thii. Theo Lee, tidw chudn vé phin két chism hai mode duge dua ra boi tham sb phin kéy

chiim hai mode R(/,4) dui dang

() )

R(LY) (":n'!n) + (ni"'l!")
trong 86 al" =114 (n, ~k) vi 12421, n, =a'a, vi n, =b'b lin lugt 1A céc todn tir b hat

@ hai mode a v b. Sit dung tinh chilt ! = a"a’,1a viét lgi bidu thire (4) dudi dang nhur sau:
— ( a"""a’""b"""b""') 4,( am-uau-ubm-nbuo»)

(1K) = (a"a'b"b')+(a"a'b"b')

M{t trang théi thé hi¢n tinh phan két chim hai mode néu tham sé phin két chim
R(1,k)<0. Tham s R(/,k)cing 4m thi tinh chit phan két chiim hai mode cing thé hién r5.

Khi I=k=] thi twong img v&i phin két chim hai mode bic thp. Khi /> k21 thi twong img
véi phin két chim bic cao. Dya vio biéu thirc (5) ta cé thé khio sét cho tét ca céc phan két
chim bjc cao cia trang théi dich chuyén Fock hai mode. Dé thdy dugc tinh chit phan két
chiim biic cao ciia trang théi dich chuyén Fock hai mode, chiing ta khio sit mjt sb tnsimg hop sau:

3.1. Trudmg hop I=2 vi k=1
Trong truémg hgp img véi /=2 va k=1, tham sb phin két chim R(2,1) trong biéu thirc
(5) duge viét lai nhu sau:

ol 4)

1. )

(a"a’)-f b"b’) l
(a"a’b"b')-i-(a"a'b"b’)- .

R(2,1)=

Thay céc gid trj trung binh & biéu thirc (3) vo biéu thirc (6), ta thu duge

H,...+H
R(2.1) = 2200~ "T0033 4
) Hyapy+ Hyaa D

Dua vio biéu thire (7), ching ta khio st tham s6 phan két chim R(2,1) thay déi theo
tham sb két hop 7, véi céc gid tri khéc nhau cua r, ldn lugt bing 0.3, 0.5 va 0.9 khi ¢ dinh
céc tham sb n, vi mtrong trang théi dich chuyén Fock hai mode trong Hinh 1. Két qua khao
sét cho théy tinh chit phin két chiim bic cao xuéit hign khi cdc tham s& két hgp r, va 1, bé.
Tinh chét phin két chim béc cao s& bién mét khi déng théi ting cdc gid tri cla 7, va 1.

162



Hinh 1. Tham sb phin két chim R(2,1) cia trang thii djch chuyén Fock hai mode phy thude
vio bién 43 két hop , véi cée i trj khac nhau cta 7, khi ¢ dinh chc tham s n, vi n,.

—_— l.Il |
e =l ’
- My=4 Y

-1t s
0.0 0s 10 15
Hinh 2. Tham sé phin két chim R(2,1) cila trang théi dich chuyén Fock hai mode phy thuge
vio bién d9 két hgp , véi céc gid tri khéc nhau ciia n, khi ¢ dinh cic tham s8 7, va n,.
Hinh 2 kho st tham sb phan két chim R(2,1) thay ddi theo tham sd két hep 7, voi

céc gid trj khic nhau cia n, lin lugt bing 1, 2 va 4 khi ¢ dinh cic tham sb r, va m, trong
trang théi dich chuyén Fock hai mode. Két qué khio sit cho thiy tinh chit phan két chim bic
cao xufit hién khi cdc tham s két hgp r, va m, bé. Tinh chit phin két chim bic cao s bién

mét khi ddng thi ting cdc gid tr ciia 7, va n,.

3.2. Truimg hop /=3 va k=1
Trong truwémg hop tmg véi /=3 va k=1, tham s5 phin két chim R(3,1) trong biéu thirc (5)

duge viét lgi nhu sau:

(a"a*)+(8"b")

R(&l)‘—‘ (a”a’b"b')+<a"a'b"b’)-l‘ ®)

Thay céc gid trj trung binh & biéu thirc (3) vio biéu thirc (8), ta thu duge

H....+H
L e 0
FENN] 133
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Dya vio bidu thire (9), trong Hinh 3, chilng ta ciing kho sit tham sb R(3,1) thay ddi
theo tham s& két hop 7, vi che gid tr Khie nhau cia 7, Wn gt bing 0.3, 0.5 vi 0.9 khi e
dinh che tham o8 n, vi n, trong trang thdi dich chuyén Fock hai mode. Két qui khio sit cho
thily tinh chit phin két chivm b cao cing xult hign khi cde tham s két hop 7, vi 7, bé,

nhumg viing phan két chim duge ma rdng ra. Tinh chit phin két chim bic cao cing s bién
mit khi ddng thiv tng che i trj cia 7, v 7,
," il

nohd

fa

Hinh 3. Tham sd phin két chim R(3,1) cua trang théi dich chuyén Fock hai mode phy thude
vilo bién 89 két hgp 7, vdi céc gid tr khac nhau cda r, khi cd dinh céc tham sé n, vi ny.

’5— m=l ’
’
e mymd ’
2 <
o ,‘.‘ ’
'
€ ,

0.0 05 1.0 15
Te

Hinh 4. Tham s6 phin két chim R(3,1) cia trang théi dich chuyén Fock hai mode phy thude
vio bién d kéthop r,.

Trong Hinh 4, chiing t6i cling khéo sit tham s§ phan két chim R(3,1) thay déi theo
tham s& két hop r, véi céc gid trj khac nhau ciia m, lin huot bing 1, 2 vi 4 khi ¢d dinh céc
tham sb », vd n, trong trang théi djch chuyén Fock hai mode. Két qu khio sét ciing cho thiy
tinh chét phan két chiim bic cao xuét hign khi cic tham s& két hop r, bé va tuong img vai tat
cé cdc gid trj cia n, bing 1, 2 va 4. Tinh chit phin két chim bic cao ciing s& bién mét khi
dbng thisi ting cc gid tri cia 7, va m, nhung bién mét chim hon so véi tnrimg hop R(2,1).
4. TINH CHAT DAN ROI

Tinh chit dan rdi thé hién mdi lién hé chit ch véi céc tinh chdt phi cd dién v 1a mot
djic tinh rit quan trong ctia céc trang thdi phi cd dién [28, 29]. M{t s6 nghién ciru gén ddy cho
thiy riing mit trang thai thé hién tinh phi ¢ dién manh mé thi tinh chit dan réi cia ching
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MR durge tang cudmg (30, 31]. D8 V61 che trang thai phi b didn hai mode, Ko st tin ehdy
dan v cg ching co thé dya vdo cic tidu chuln dudi dang che bl ding thire. Trong s cle
w80 chudn niy c6 tiéu chudn cla Duan vi titu chulln ciia Hillery. Zubairy thimg hay e si

deng dd phat hign tinh dan rdi cia b (32, 33). Chimg 161 khdo sét tinh dan i cho trang thii
dich chuyén Fock hai mode theo tiéu chudn Hillery-Zubairy [43) duéi dang:

E = (a'a)(s'b)-|(ab) . (10)
t:ngao trang théi hai mode thé hign tinh dan rbi néu tham sb dan 18 E<0. Khi tham o8 dan

i £ cang &m thi tinh cht dan r8i cing duge thé hién rd. Thay bidu thire () vio bidu thire
(10), ta thu duge:

E=Hypallonss 'l”cmr- (i

Hinh 5. Tham sb dan6i E cia trang théi dich chuyén Fock hai mode véi @, =, =0;
va (@) =1 =1 (b) =03, m, =1; () =03, n =1,

Trong Hinh 5, ching t6i sit dung biéu thirc (11) 4 khio sit tham sb dan rdi E cia
trang thii dich chuyén Fock hai mode thay ddi theo céc tham sb £, 1, va n,. Trong Hinh 5(a)
khio sat sy thay ddi cia tham s5 dan r6i £ vio 7, img véi tham sb r, =03, 0.5, 08 va cke
tham s cb dinh n, =n, =1. Két qua khio st cho ring gié trj cia £ khi ting gid t ,. Trong
hinh 5(b), chiing i khio sét E khi ting gid tri m =1, 2, 4 véi cic tham sb , =03, n, =1.
Khi gid tri cila my ting, gid trj cia £ ciing ting. D&i véi hinh 5(c) ciing kho sit E véi
m=1,2,4 va cic tham sb r, =03, n, =1. Gié tri cia E ting khi ting clc gi trj n, VA 1, -
Chiing t3i thdy ring gid tri cia E khdng am Khi thay d&i r, vi céc tham sd hai mode Foc)
n, ny, do d6 trang thai dich chuyén Fock hai mode khng cé tinh chit dan réi. Vi thé, Ko
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nng vién thi hrgng 1) st dyng trang thii dich chuyén Fock hai mode 14 khong kh thi. Diéu
ndy A4 duge thé hign trong [24).
8. KET LUAN

Trong bai bdo ndy, ching 10i khio sét mit céeh chi tiét cdc tinh chit phin két chim bje
cao v tinh chit dan rdi cda trang thii dich chuyén Fock hai mode. D&i véi tinh chit phin két
chiim bic cao, chiing 10i 9 khio st cho hai tnrimg hop cy thé véi R(2,1) va R(3,1). Ké&t
qui khio it cho thiy tinh chit phan két chiim bje cao xult hign khi cac tham sb két hgp 7,
vi 1, bé, v tuomg img véi s8 hat photon n, n, & trang thi Fock hai mode nhd. Néu ting gi4
tri cia céc tham 0 két hop 7, 7, vl s6 hat photon m, 1, thi ving phin két chim gidm din va
bién mét. Khi so sinh cic tham s& phin két chim R(2,1)véi R(3,1) ching t0i nhin thiy
tinh chét phin két chim bc cao s& bién mét khi déng théi ting cée gid tri ciia che tham sé két
hop 7, 1, vi s hat photon n,, n, nhumg trudmg hop béc cao R(3,1) bién mit chim hom so
véi trudmg hop R(2,1). Hon nita, trong trudmg hgp R(3,1), tinh chét phan két chim bic cao
xudt hién khi cic tham s6 két hop 7, bé v tuong img véi tit ca céc gié trj cia n, bing 1,2 va 4,
Diéu d6 chimg to trang théi dich chuyén Fock hai mode la mt trang théi phi cd dién thong
qua tinh chét phan két chim bic cao. S8 bic cing cao thi tinh chdt phan két chim hai mode &
trong trang théi ndy cing dugc ting cudmg. Ngodi ra, khi ding tiéu chuln dan r6i Hillery-
Zubairy dé khio sét tinh chit dan rdi cua trang théi djch chuyén Fock hai mode thi két qua
cho théy trang théi ndy khéng thé hi¢n tinh dan rdi. Diéu d6 chimg t6 trang thai dich chuyén
Fock hai mode khong phd hgp dé thyc hién nhiém vy lugng ti nhur vién téi lugng tir. Tuy
viy, ddy 1a trang thai phi cd dién d3c biét nén hira hen cho déng gop tmg dung vio linh virc
quang hoc lugng tir trong tuong lai gin day.
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ABSTRACT

In this paper, we study the higher-order antibunching properties of a two-mode
displaced Fock state. The results show that the two-mode displaced Fock state is the
nonclassical state via the higher-order antibunching properties. By changing the
parameters of the two-mode displaced Fock state and the displacement parameters, the
two-mode displaced Fock state exhibits higher-order antibunching properties. The higher
the order number, the more the antibunching property is enhanced. Furthermore, when
using the Hillery-Zubairy entanglement criterion to investigate, the two-mode displaced

Fock state does not exhibit quantum entanglement and this state is not suitable for
quantum teleportation.

Keywords: Two-mode antibunching property, quantum entanglement, two-mode
displaced Fock state.



