TAP CHI KHOA HOC - BAI HOC PONG NAI, SO 16 - 2020 ISSN 2354-1482

PINH LUQONG PO ROI VA VIEN TAI LUQONG TU VOI TRANG THAI
THEM VA BOT MOT PHOTON LEN HAI MODE KET HQP LE
Nguyén Thi Phuwong Trinh*
Truwong Minh Durc*
TOM TAT
Trong bai bao nay, ching tdi nghién cizu tinh chdt dan réi va dinh heong dé roi
cua trgng thai thém va bét mgt photon 18n hai mode két hop 1é bang tiéu chudn
Hillery-Zubairy bdc cao va tiéu chudn dong quy Concurrence. Két qud dinh lwong
cho thdy, trang thai thém va bét mét photon Ién hai mode két hop 1é hodn toan dan
réi khi ching ta chon cac tham sé trang thai pht hop theo hai tiéu chudn trén. Bang
viéc sir dung trang thai nay 1am nguon tai nguyén dan réi d@é thyec hién vién tai heong
tir mét trang thai két hop, ching tdi thdy rang qua trinh vién tdi lwong tir 14 thanh
cong khi chon cac tham sé phu hep.
Tir khoa: Tiéu chudn dan roi Hillery - Zubairy bdc cao, tiéu chuan Concurrence,
vién tai lwong tit, dg trung thuc trung binh cia qué trinh vién tai iong tir
1. Gi6i thigu
Trang thai két hop |« lan dau tién  phi c6 dién. Trong qua trinh nghién ctu,
duoc hai nha khoa hoc Glauber [1] v&  cac nha khoa hoc thdy riang phwong
Sudarshan [2] dua ra vao nam 1963 phép quan trong dé tao ra mot trang thai
trong khi khao sat cac tinh chat caa  phi c6 dién méi 1a viéc thém va bét
chum Laser. D¢ la trang thai twong rng photon vao mot trang thai vat ly. Thong
v6i thing giang lwong tir nho nhat suy qua d6 m¢ ra nhitng ung dung méi
ra tir hé thirc bat dinh Heisenberg. Dya trong ky thuat, cong nghé thong tin
trén co s¢ d6 vao nam 1991, Agarwal leong tu. Trang thai thém va bét mot
va Tara d3 d& xuit y tuong vé trang thai  photon 1én hai mode két hop 1é duoc
két hop thém photon [3] dong thoi dinh nghia nhu sau:
chirng minh dugc day la mot trang théi
6>b _‘B>a a>b)’

‘¢>ab =N (dT + b) (‘ O‘>a

trong d6 a' 12 toan tir sinh ddi véi mode a , b 1 toan ta hiry dbi véi mode b,
N _, lahé so chuan hoa:

1
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Bl el 50+ - e

Viéc nghién cau céc trang thai hai  ctu. Tuy nhién, viéc dinh luong do rdi
mode két hop di dugc mot sb tac gia  va vién tai luong tir voi trang thai thém
[4], [5] quan tam, dic biét cac tinh chat  va bt mot photon 1&n hai mode két hop
phi ¢6 dién cua trang thai thém va b6t 1é van chua duoc dé cap dén. Vi vay,
mot photon I&n hai mode két hop 1¢ d&3  trong bai b4o nay ching téi tién hanh
dugc tac gia B6 Thi Bé Hanh [6] nghién  dinh lwong do réi va vién tai luong tir
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véi trang thai thém va bt mot photon
I&n hai mode két hop lé.

2. Pinh lwong dd réi cha trang
thai thém va bét mét photon 1én hai
mode két hop lé

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

<d*m&ml3*"z§”> <

Vao nam 2006, Hillery va Zubairy
[7] d3 kiém tra va chi ra sy vi pham
phuong sai tich cac toan tir sinh va huy
photon cua cac bat dang thac ma
Hillery va Zubairy dua ra dan rdi trong
hé hai mode duoc cho bai:

N 2
(i)

©)

Pé thuan tién cho viéc dinh lugng chiing t6i dua vao tham sé dan rdi * dudi dang:

RH — <dimdm6]‘n6n> o

Mot trang thai bt ky duoc xem 13
trang thai dan rdi néu R, <0, nguoc

lai néu gia tri R, >0 thi diéu d6 c6

£ o) = [N, [ el o (o3
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nghia rang trang thai d6 khong dan rdi.
Trong trang thai thém va bdét mot
photon 1&n hai mode két hop I¢ thi tham
s6 dan r6i duoc viét dudi dang:
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X [a"‘ﬁ*"’ +a"p" — (o/”oz*” + 6"1’6*"’)4 + [|a gt |ﬁ|2]
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Hinh 1: H6 thj khao sat si phu thugc cia tham sé RH(2,2) vao
bién dg két hop ry trong cdc truong hop r =1, (duong (1)),
ra=1,5r, (duwong (2)) var = 21, (duong (3))

D¢ thuan tién cho viéc khao st qué  nao sat 1a 0 <1 < 4, © =2 Vva
trinh dan réi, chdng ti chon céc théng - ‘ '

o a=r explip,), B =1 explip,) 7
roi cua trang thai thém hai va bt mot

a khao sét biéu thu theo bién do ) ,
va khao sat bieu thirc (3) theo Plen _do photon |én hai mode két hop duoc cho
1, va pha dao dong ¢, voi diu Kién g c4c @b thi o hinh 2.

o, =7 /4. Két qua khao sat tinh dan

Qi e

12| ] f

:&.:"'1 x10 | | (1)

SI, -2x%10"2 aolla :
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Iy
Hinh 2: D6 thi khdo sat si phu thugc cuia tham sé RH(4,4) vao bién dg két
hop rb trong cdc truong hop 1 =1, (duong (1)), ©, = 1.21, (duwong (2)) va
r =131 (duong (3))
Tir cac @6 thi trén, ta thdy gid tri  cao. Dac biét muc d6 dan rdi ngay cang
cua tham s6 R, ludn ludn am, tic 1a ~ manhkhi 7, 7 ting.

trang thai thém va bt mot photon 1én 2.2. Pinh lwong dj réi bang tiéu
hai mode két hop Ié hoan toan dan r6i  chudn déng quy Concurrence
theo tiéu chuan Hillery va Zubairy bac
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Dé dinh lwong do rdi cua trang thai  tiéu chuan ddng quy Concurrence [8],
thém va bdot mot photon 1€n hai mode [9]. Cho trang thai hai mode a va b:
két hop 1é ta con c6 thé dinh lwong bang
6), ). ®)

o), =N{ufa) 1), +41¢),
) ), |8, o

trang thai da duoc chuan héa cua hai mode a va b. Do dong quy dugc dinh nghia
nhu sau:

trong d6 N 1a hé sé chuan héa; p, y 1a s phuc; ‘ 77> ,

N e

M+H+MMWPf

(7)

trong 46 P = . <7} ‘ £>a P, = ) <a ‘ ﬁ>b . Trang thai ‘¢>ab dugc xem 1a dan rdi

néu C' > 0 va cyc dai dan rdi néu C' = 1. Ngoai ra do dong quy C duogc xac dinh

bang biéu thuc sau:
[
C

. , ®)
L—;;p+4a@

VoI N'=

(08).

Két qua khao sat tinh dan rdi ciia trang thai thém va bot mot photon 1&n hai mode
két hop 1¢ bing tiéu chuan Concurrence duoc thé hién qua d6 thi & hinh 3.

4

Hinh 3: Po thi dinh lwong dg réi cua trang thai thém va bt mét photon Ién hai mode
két hop lé bang tiéu chuan Concurrence («v = 0.1 #ng véi duwong (3), o = 0.2 ing
voi dwong (1), o« = 0.3 ung voi duong (2))
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Nhin vao d6 thi & hinh 3, ta thay ta
thdy do dong quy C c6 gia tri tir 0 dén 1.
Vi vay trang thai thém va bdt mot
photon 1&n hai mode két hop I¢ 1a trang
thai dan r6i théa man tiéu chuan
Concurrence.

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

), =N, exp| -

x| (n—|—1)|n—|—1m>

—|—\/E|n,m—1>

Day 1a mot trang thai réi hai mode,
do d6 trang thai nay dugc sir dung lam
ngudn dan rdi dé vién tai luong tir mot
trang théai két hop.

Theo mo hinh vién tai cua Agarwal
va Gabris, bén gai thong tin 1a Alice va
bén nhan thong tin la Bob. Trang thai
thém va bt mot photon 18n hai mode két
hop & c6 hai mode a va b , trong do

\a\ gl

‘¢> = Na.ﬂ exp

abe

Tiép theo, Alice dung phép do Bell
t6 hop trén hai mode a va ¢ dé do thong

tin vé muc d6 dan rdi gitra "y> va
C

‘¢> , dua trén hai mode a va c. Phép

|B(X,P)) =

|a|

x J<n+1><n+2>\n+2am>ab\v>c+W"’m—1>ab

Zybe

3.1. Khdo st qua trinh vién tdi
lwong twr voi trgng thai thém va bét
mét photon 18n hai mode két hgp lé

Trang thai thém va bat mot photon
Ién hai mode két hop 1é duoc biéu dién
theo trang thai Fock co dang:

+Jof
nmz() \vn!m

\/7|m+1n>
\/7|m n— 1>

mode a dugc dua t6i Allice va mode b
duoc dua toi Bob, trang thai duoc vién

(9)

tai la trang théi két hop |7) tuong ung
véi mode ¢ duge dua vao Alice. Tai noi
giri thong tin, dau tién Alice s& thyc hién
Viéc to hop trang thai |7> va |¢> o

thanh mot trang thai ba mode c6 dang:

n,m=0 \jn'

)}

do nay hinh thanh nén mét trang thai roi
phac hop, chinh la trang thai Bell.
Trang thai Bell dwoc biéu dién qua
trang thai Fock nhu sau:

> - (11)

o0

k

(10)
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Khi phép do t6 hop hoan thanh, trang thai nay sup d6. Do Bob va Alice ciing
chia sé trang théi rdi nén Bob c6 trang thai sau:

9 2
‘¢>B = %Nw exp —M
X i S exp (A V—Afy*)exp ——|7—2A| ] (12)
nm=0Nn!m!
1 n m
X W(V—M) ; m>b_ﬁ< —24]"" |n),
Y24 ), L 2] )

Bay gio, bén Bob tdn tai trang thai
rng voi mode b chtra cac thong tin vé
mode c. Bob s& thuc hién phép dich

chuyén 15(92/1) dé xay dung lai trang
thai dugc vién tai ban dau ‘7> ,Véigla

), =

out

™

Xexp(A v — Ay )exp

X

]_ n+1
—(y—24
7124

+£ v —2A

it

Dén thoi diém nay, qua trinh vién tai

da hoan thanh va dé danh gia mic do

thanh cong cua qua tinh vién tai ching ta

phai dya vao do trung thuc trung binh f .
3.2. Dg trung binh F |

Do trung thyc trung binh F duoc
ding dé xac dinh sy thanh cong cua qua

’ ﬁ(gQA)| m>b —

(g2A4) |m 1>

hé sé diéu khién ma Bob dung dé hoan
thién do trung thuc cia qua trinh vién
tai. Trang thai cudi cung thu duoc trong
qua trinh vién tai s& Ia:

|5| = o'
Z Jntm!
52|
(13)
—'<'y — 2A>m+1 ﬁ(gZA)|n>b
m:
_%(7 24)" D(g24)|n —1)
trinh vién tai. Véi F,, = 0.5 la gioi han

cua vién tai c6 dién. Quéa trinh vién tai
la thanh cong néu 0.5 < F,, <1. Mot
qua trinh vién tai duoc danh gia 1a hoan
hao néu dat duoc F =1. D trung

thuc trung binh trong qua trinh vién tai
dugc xac dinh nhu sau:
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£, = [lu(wlo), [ @ (14
Dé x4c dinh F_ tatinh:
_ 2 of +ld | & oo
Aol = Ve | 2

X exp (AW — Ay*)exp e 0 2A|2
<=2 01 Dz m),
- % (v —24)"" (v | D(g24)|n),

m!

i L

+ ﬁ(*y —24) (y| D(g24)|m —1), (15)
- Fl (’y 2A) (v | lA)(gQA)‘n - 1>b :

m!

Thay (15) vao (14) ta thu dugc d6 trung thuc trung binh nhu sau:

r=J1 () Paea=dpf eo{of <[]
a'fra’f”

o n!m!l!p!

x{(*y — 2A>"Jrl (fy* — gQA*)m ('y* — éA*)l+l (’y — gQA)p

—l—p(*y —2A)n (7 —g2A ) (7 —2A ) ( gZA)IF1
A
—Z<fy — QA)n+1 ('y* — gZA*)m (’y* — 2A*)p (’y — gQA)H
+m (7 — QA)W (7* — g2A*)m_1 (7* — 214*)1+1 <7 — g2A>p
+mp ('y — QA)n (’y* — LqQA*)W1 ('y* — 2A*)l ('y — gQA)IF1
—m <fy — QA)H (fy* — 9214*)”%l (fy* — QA*)p+1 (7 — g2A)l

xexp[—|'y —2A| — |’y — 92A| ] DO
n,mlp
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—mi(y —24) (v —g24°)" (v —24°) (v~ g24) "
oo (-2 )
—p(y—24)"" (v 24 (v - QA*)Z (v —g24)"
—2a) (3 — g2} (4 —24 ) (= g24)
H(y—24)"" (v — g24) (v —24) (7 - g24)
—n(y—24)" (7 - gQA*)"_1 (v - 2A*)IH (v - g24)
—np(y—24)" (v - 92/1*)”*1 (v - 2A*)l (v - g24)"
tn(y—24)" (v —g24) (v —24°)" (7 - g24) (16)
tal(y—24)" (v —g24') " (v —24) (v - 92A)l_1}d2A-

Biéu thuc (16) cho biét do trung
thuc trung binh dudi dang téng quat,
V6i g 1a hé sb diéu khién Bob dung dé
hoan thién d6 trung thuc cua qua trinh
vién tai, nén ta c6 thé chon g dé diéu
v,
F:LU

™

nmlp=0 T I'm!l! p |
+p("y — QA)n+1 A (’y* oA )l p-1
—1 ('Y 2A)n+1
+mp(y —24) 7
—mi (7 - 2A)

oy -2
v (7 —QA)
-2
(7 oA

—p (v 24
H(vy - 2A)

-1

+nl(y — 24) 7*("*”( A7)

(’y 2A)n+1
- (’y*—QA )p’yll—l—m

o (7 2A)
)7 - (7 ZA) 7*‘”’” (v —247) "
) “}cﬁ (v —24).

khién do trung thyuc trung binh. Chon
truong hop g = 0 va thuc hién cac budc
bién d6i, ta thu duoc biéu thirc do trung
thuc trung binh cé dang:

e’ = [of oo [

« 3 LT lﬁpfexp[—"y—QAr]{(y—ZA)nH

fy,ﬁm (7* _of )z+1 v

*m (f}/* . 2A*)Z)+l ,-yl

(7 2A) -1 (’y* _oA" )l+1 v
A
(’Y 2A>m+1 o (7* ox )1+1 7

*, (7* B 2A*)IJ+1 71
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Thuc hién cac phép bién dbi ta thu duoc:

2 2 2 2
£, =, o[- -1 o[-
2n In
= o] 677y of " 5y
X‘"‘mzp:o nlm!p! (n+1)+ n!m!p! e
B . Oz"ﬂma*lﬁ*n’}/*m’)/l (n . 1) . Oénﬂma*lﬁ*(nﬂ)’y*n’yl*l 4
n, =0 n!m!l! n!m!l!
o0 04‘21 ﬁmﬁ*p,y*mfl (7)70 ‘04‘21 ﬁmﬁ*p’y*mq (f)/)p—l
+ mao + mp
m.L,p=0 mlilp! m!l!p!
- i OCPH,@mOé*lﬁ*p’)/*m_l (fY)lm ) Oépﬁma*lﬁ*p"}/*(m_n (7)171 -
=0 m!ilp! m!ilp!
o Oénﬁma*mﬁ*p’y*" (/y)P a”ﬁma*<7”’+1)5*p'y*” (ﬁy)p*l
_n.,mz,p:o nimlp! ot nim!p! P
= o' |o" o™y () o' g ety (7))
+n,;.l_o n!m!l! (m +1) + T Bl
o anﬁlﬂa*zﬁ*pry*nq (7)11 a”ﬁla lﬁ*p’)’*nﬂ (fy)p*l
. -Oén B|2p O[*l’)/*n_l (f}/)l o |5|2p Og*l’y*n_l (7>l
+n§0 n'l'p' ng + n'l'p' i (18)

Pé thuan I;_yi cho viéc khao sat, ching ta s¢ khao sat |ﬁ|va |7| theo |a| Vi

|ﬁ| = |7| =k |a| , tir 46 do trung thyc trung binh dwgc viét lai duéi dang:
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B exp(—‘a‘2 —2k* ‘ar)
" 2[‘04‘2 + K ‘Oér - Qk‘ar exp(—‘a - I{;ar) + (ka” + ko +1)(1- exp(—‘a - kar))]
2n 2n
. ‘Oé‘ (k‘OZ )2m+2p ‘0[ (k‘Oé )2m+2p—1 .
n,mzp_o nlm!p! (ot 1)+ nlm!p! P
n+l n+l
x|l (K |Oz|)2m+"“ |a (k |a|)2m+””
) 2l
o et ol o]
pHi+l m _ p+I+1 " B
B i |a| (k;|a )2 +p+i-1 |a| (k|oz|)2 +p+i-2 i
m,dp=0 m!llp! m!l!lp!
m-+n m+n+1
o0 |a (k|04|)m+n+2p |a (k |04|)’"+"+2”*1
_nmLZ:p_o n!m!p! (m+1)+ n!m!p! P
n+l n+l
o] (k| o |
+n.,;o n!m!i! (m+1)+ n!m!i! hacl
n+l n+l
< |le (k a )n+l+2;n |a (/{7 o )n+l+2p—2
' (19)
s ||a et (k|af)y 2 |oz n+l (k:|a yrHiezs-l
+%;0 nllp] ke nllp] nl

Chung t6i khao sat sy phu thudc
cua F vao bién do két hop |a| theo
biéu thire (19) dé danh gia vé qua trinh
vién tai luong tir véi ngudn rdi 1a trang
thai thém va bot mot photon Ién hai
mode két hop lé. Két qua khao sat duoc

144

thé hién trén hinh 4. Tur d6 thi & hinh 4
cho ta thay rang néu cac gia tri caa k
dua vao phu hop thi F nam trong
khoang 0.5 < F <Ttac la qua trinh
vién tai thanh céng.
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Hinh 4: Su phy thugc cuia do trung thyc trung binh ' vao bién do ket hop

M Véi Cac giatri k = 4 img voi dirong (3); k = 4.5 g véi dirong (1);

k=5 ung voi duong (2)

4. Két luan

Trong bai bao nay, chung toi su
dung tiéu chuin dan réi Hillery-
Zubairy bac cao va tiéu chuin dong
quy Concurrence dé khao sat tinh dan
rdi cua trang thai thém va bot mot
photon 1én hai mode két hop 1é va sir
dung trang thai nay lam ngudn réi dé
thuc hién vién tai luong tir mot trang
thai két hop. Cac két qua chinh thu
duoc nhu sau:

Thiz nhdt, trang thai thém va bét
mot photon 1&n hai mode két hop 1¢é 1a
mot trang thai dan rdi theo tiéu chuan
Hillery-Zubairy bac cao va tiéu chuan
dong quy Concurrence. Khi xac dinh
cac tham so trang thai phi hop thi trang
thai nay 1a mot trang thai dan rdi hoan
toan va c6 thé st dung chung nhu 13
mot nguon tai nguyén dan rdi dé vién
tai luong tu.

Ther hai, chdng téi da thuc hién qua
trinh vién tai luong tir mot trang thai két

hop véi ngudn réi 1a trang thai thém va
bot mot photon 1én hai mode két hop Ié
va danh gia su thanh cong cua qua trinh
vién tai thong qua do trung thuc trung
binh cua quéa trinh vién tai. Két qua cho
thiy qua trinh vién tai 1a thanh cong voi
do6 trung thuc trung binh cua qué trinh
vién tai nam trong khoang 05 < F <1

tuwong (ng trang thai c6 bién do bé. Tuy
nhién, d6 trung thuc cua qua trinh vién
tai 1a chua on dinh va phu thudc vao céac
tham s6 dua vao, d6 trung thuc trung
binh tién gan dén 1 khi chon cac gia tri
tham s6 || = |+| = k|a|. Trong khuon

khd bai bao nay, ching t6i chi ding lai
& viéc khao sat tinh dan rdi va vién tai
luong tir vai trang thai thém va bt mot
photon 1&n hai mode két hop 1¢. Ching
t6i s& tiép tuc mo rong nghién cau ho
cac trang thai thém va bt photon phi ¢
dién hai mode khac trong thoi gian ti.
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INVESTIGATING ENTANGLEMENT AND QUANTUM TELEPORTATION

WITH SINGLE-PHOTON ADDED AND SUBTRACTED TWO-MODE
ODD COHERENT STATES

ABSTRACT

In this paper, we investigate entanglement property of single-photon-added and
single-photon-subtracted two-mode odd coherent states. The obtained results show
that this state is entangled satisfying higher-order Hillery-Zubairy entangled and
Concurrence conditions. This state is used as an entangled resource for quantum
teleportation of a coherent state. From the results of the average fidelity, it is shown
that teleportation process is successful when the fidelity reaches the value of
05<F <L

Keywords: Hillery-Zubairy criterion, Concurrence condition, quantum
teleportation, the average fidelity of teleportation process
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