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Tdm tat: Trong hki bdo nay, chung toi da xay dung tieu chiiin mdi vl dan 
rOi cho he ba mode di/a tren cac dilu kien dan r6i cho trang thai da mode 
do nhom tdc gia Z.G. Li dua ra nam 2007 \V. bat dang thiic Schwarz va 
dac biet la he thUc bit dinh. Td cac tieu chudn mdi thu dupc, chiing toi 
da khao sat tinh dan rSi cho cac t r ^ g thai GHZ, trang thai kit hpp bp ba 
trong kh6ng gian Fock. Kgt qua thu dUdc la sau trong so tam trang thai 
GHZ dupc khao sat bi rOi hoan toan, hai trang thai con lai va trang thai 
ket hpp bp ba trong khong gian Fock hoan toan khong bi r6i. 

1 GI6I THIEU 

Su dan roi dong vai tro quan trong trong linh vuc dang ngay cang phat triin nhanh 
chdng, dd la xu: ly thdng tin lupng td. Do do. \iec nghien cdu va xay dung cac tieu 
chudn dan r6i dang dUpc quan t§m va chii trpng trong linh vuc ly thuyet vg thong tin 
ludng tu Tit khi khai niem rdi lUdng tii: xuat hien ndm 1935 den naj', co nhilu tieu 
chudn dan rQi dUpc dua ra, tuy nhien khong cd tieu chuan nao la hodn hao. Trong 
nlidiig nam gSn day, cac nghien cdu ve roi lupng tu thu dupc uliigu thanh cdng \uot 
bac. \ a m 2006 M. Hillery va M.S. Zubairy [2] da dua ra mpt ldp cac he thiic bat dinh 
cho viec phat hien dan rdi d6i vdi he hai mode. Sau do. E Shchukin \a ^\'. Vogel [3j 
da tdng quat hoa nhu:ng dieu kien nay bang viec nghien cdu cac tieu chuan kh5ng thJ 
chia tach dupc ciia cac trang thai luong tii chia doi biin lien tuc. Cung trong nam 
2006. H. Xha va J. Kim [4] dd dua ra tieu chudn vl roi thong qua he thdc bdt dinh 
dai s6 SU(2) va SU(l.l) de phat hign ra cac trang thai roi phi Gaussian. Nam 2007 
tiep tuc CO nhdng nghien cdu ve cac dieu kien dan roi cho cac trang thai da mode ciia 
Z.G. Li, S.M. Fei, Z. X Wang va K. \Vu [1]. 
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2 TIEU CHUAX MOI \ £ DAX ROI LL'OXG TU CHO HE BA MODE 

Trong bai bao [1] dupc cong ba nam 2007. nhom tac gia Z.G. Li da dua ra cSc toan tit 
i l = abc' -i-a^b^c va L2 ^ i [abc' ~ a^b^c): Ji = a^bc-^ab*c* va J2 = t {a*bc —ab^c^): 
A'l = ab^c+ d'bc^ vk K2 = t {ab^c — a^bc^); K{ip) — e^'^a'b'^c' -i- e~''^abc. Trong dd 
a\ bK c* va a. b. c lin lupt la cac toan tii sinh hat va buy hat bcson tUOng dug cac 
mode A. B, C. Til do cac tac gia da xay dung tieu chuin dan roi timg phan va hoan 
toan cho trang thai ba mode (ABC). Met dua ra nhu \-a,y tu>' thuan lpi trong \iec 
tinh toan va thu dupc tieu chudn dan r6i don gian, nhung tinh khai quat chua cao 
va kit qua ap dung phu hpp chua tOt vdi nhieu trang thai ba mode. Tren co sd dd, 
chiing tdi da khai quat hoa bkng each dua ra cac toan tu nhu sau: 

h = Li-\-Jl-i- A'l - K (0) 

l2 = L2^J2 + K2- K ( f ) (1) 

(2) 

Ttr do, chung ta thu dudc 

f /i = (06c + oic* - ab'c + a^bc) + (a'fttc' - a%''c + a^bc' T ai 'c ' ) 
1 /2 = i[{ahc + aic* - a i 'c + a'dc) - (a'6*c' + a*6'c + n ' M - oi'c')) 

Dl thuan tien cho viec tinh toan ta dua ra toan til D va D^ nhu sau: 

r -D = (abc ^ aid' - a i 'c + a'bc) 
1 B ' = (a'6'ct - a-Vc - a'bc' + oi'ct) 

khi do {1) tr5 thanh 
f / i = ( D + Ot) 

1 /2 = ! (B - D') 

Tit rife dua ra cac toan tu nhu i (1), chiing ta thu duoc giao hoan t i 

7 , . / 2 > 2 i ( H t £ l - D B ' ) 

= - 2 i .̂V .̂Vi, + o.VtA; + 2A,,.Y, - 2A,, - 2.Vj - 2 A ; + 1 (3) 

- ( . \ ; - .VJ - I ) Q + ( A ; - A-, + 1 ) 3 + (A„ -r A ; + l)-, + p + , ^ rj 

va tSng phuong sai 

{AI, f - {A/,)= = 2 ! 8 A ' . A ; A ; + 4A-,A-i + 4Av%; + 4 A ; A ; 

- 2 A ; + 2S\ + 2 A ; ^ 1 ^ {2A,.A-„ - A„ + X, + 1) Q 

- (2XtX, - A ; + A ; +1 ) 3 - ( 2 A ; A ; - A ; -r A ; + 1 ) 7 '-*' 

+ (2A-. + l )p + (2A-J + 1 ) , - ( 2 A ; - l ) r ) - 4|{£I>|1 

trongdo a = ( c V + cc). J = ( a V + a a ) , ; = {bW+ bb). p= {a'a^bb-aaiV) , 
?=(6<6'cc + i*c'c'), r =(atQfcc + aacV) . 
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Mat khac, dp b i t dinh AIi va A/2 cung duoc thoa man 

{AhY + (A/2)' > 2A/1A/, 

>\{ih,m. 

{Alif + (A/2)' > 2 (2.Y„A's - 2-VtA; + 2.V„.V, 
+2A'. + 2A'j + 2.V, ^ 1 - (Af. + A'l + 1) Q (5) 
+ {.Xi - A ; - 1)/3 + (-V„ - .V, - 1) 7 + p + 5 + r) . 

Cling luu y rang 

KD)r = {D)(i5') 
= (a6c -^ a'bc + ab^c -r abc') (a'b'c' + ob'c' + a'bc' + a'b'c) 
= (abc) (a'ft'ct) + (abc) (ab'c') ^ {abc) {a'bc') ^ (a6c> (a'b'c) 
+ (a'bc) (a'b'c') + (a'bc) (ab'c') + (a'bc) (a'bc') -r (a'bc) (a'b'c) 
+ (ab'c) (a'b'c') + (ab'c) (ab'c') + (ab'c) (a'bc') + (ab'c) (a'b'c) 
+ (abc') (a'b'c') + (abc') (ab'c') + (abc') (a'bc') ^ (abc') (a'b'c). 

(6) 

Xet trang thai ba mode ABC co th i tach giifa mode C vdi AC. Khi do. ap dung bit 
ding thiic Scliwarz cho (a'bc) (ab'c') va (ab'c) (a'bc') ta thu dudc cac kgt qua 

(a'bc) (ab'c') = |(oi)f>|'|{c)P < {-V„ (.Vj + 1) A;), 

(a'bc) (ab'c') = | (a6t)f |{c)|' < ((-V. - 1) AvV.), 

(ab'c) (a'bc') = |(a»6>|'|(c>|' < (V, (.Vj + 1) .V,>. 

(ab'c) (a'bc') = |(at6)|'Kc>|' < ((.V„ + 1) V^.V,) 

Do do (6) tro thanh 

\{D)f < (4A'„A'i-V, + 2 A ; - \ ; + n). (7) 

hoSc 

\{D)f < (4.V„A-j.\V - 2.Vt.V, -r n), (8) 

vdi n = {NMa ^ Xi,K,:i + N,K-y + A'„p - Xtq ^ X,r). 

Til (4), (7) va (8) ta thu dudc tong phudng sai theo hai trudng hdp sau: 

(A/ , ) ' + (A/,)- > 2 (4.V„.Vt - 4 A ; A ; ^ 2A'. -r 2.Vj - 2.V, 
+1 + (.V. - -VJ + 1) a + (Afj + A; +1)0 (9) 
+ (Af. + -V̂  - 1) - + p + 5 + r) 
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hoac 
(A/ i ) ' - (A/2)' > 2 (4Af.A'j + iNtN, + 2N. - 2.Vj + 2A; 

^1 + (Af. + A'i + 1) Q + (ATj + A ; + 1)0 (10) 
+ (A'„ ^ .V, + 1)7 +P-F g - r ) . 

So sanh (9), (10) vdi (.5) ta thay lu6n tSn tai khoang r6i giUa mode C vdi AB. Nhu 

vay trang thai ba mode (ABC) bi r6i giiia mode C vdi AB neu bi t ding thiic (9) hoac 

(10) bi VI pham. Tuy nhien (9) va (10) dUdc rut ra til (7) va (8), do do ta co tieu 

chuin dan roi sau: 

Tieu chuan dan r6i 1; Trang thai ba mode (ABC) bi rCi giQa mode C vdi AB ngu 

thoa man m5t trong hai bi t dang thUc sau: 

|{D)|' > (iNMX, + 2NiN, + fJ), (11) 

|(/3)|' > {4A;A'iA", - 2.V„.V, - f!). (12) 

trongdo, il = {X„Xi,a +NtNcB + N^N.-y + N^p +Ntq +N^r), a = (c'c* + cc) , 
0 = (o'<i'-aa) . 7 = (b'b' + bb), p = {a'a'bb +aab'b') , q = {b'b'cc + bbc'c') , 
r— [a'a'cc — aac'c'). 

Chiing minh tudng tu nhu trgn ta thu duoc tieu chuin dan r6i giiia mode B vdi .AC 
va giiia mode .A vdi BC nhu sau: 

Tieu chuin dan r5i 2: Tirang thai ba mode (ABC) bi roi giUa mode B vdi AC nlu 

thoa man mot trong hai bi t ding thUc sau: 

KD)^ > (4A;.VJ.V, + 2A„.Vj + n ) , (13) 

\{D)f> (iNMNc + 2Ni,Nc + n). (14) 

Tieu chuSn dan roi 3: Trang thai ba mode (ABC) bi roi giiia mode A vdi BC ngu 
thoa man mpt trong hai bit ding thiic sau: 

|{l>)|' > (4A;.VJ.V, - 2.v„.Vj - n), (15) 

| (D) | '> (4A'.AfjAr, + 2A'.Af, + f ! ) . (16) 

Trang thai ba mode (ABC) bi r6i hoan toan {A\B\C) ngu dong thdi thoa man tigu 
chuan dan rdi 1. 2 va 3. Tuy nhign mot each dpc lap, ta ciing cd th i thu dudc tigu 
chuan dan rdi hoan toan hoan toan ngu xet trang thai ba mode ABC cd thg tach 
hdan toan giiia cac mode .4. B. C vdi nhau Khi dd. ap dung bit ding tlriic Schwarz 
cho (a'bc) (ab'c') vk (ab'c) (a'bc') ta thu dupc cac kit qua 

(a'bc) (ab'c') = (ab'c) (a'bc') = \{a)fm\'\{c)f < (A'.A-jAy . 
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Khi do, tir (6) ta thu dupc bi t ding thiic 

| (f l) | '<(4A-. .VjX + f!). 

Kgt hdp (4) va (17) ta co 

(A/ i ) ' + (A/2)' > 2 ( 4 ( A ; A J - .Vj.V, - A-„.VJ 

+2(A'. + Ni + A ; ) + 1 + {K + .VJ +1 ) Q 

+ (ATj ^-V, + 1) 7 - ( A ; - AT. + 1) 7 + P-) 

(17) 

(18) 

q + r). 

So sanh (5) va (18) ta thiy ve phai (18) ludn ldn hon vl phai (5). Do do. mpt trang 
thai ba mode {ABC) cd the vi pham (18) nhung vin c6 thg thoa man (5). TU do ta 
th iy ring trang thai (ABC) bi rdi hoan toan ngu vi pham bat ding thiic (18), Tuy 
nhien (18) dupc riit ra nhd vao (17), ngn trang thai (ABC) bi rdi hoan toan nlu vi 
pham bi t dang thiic (17). Do vay ta c6 tigu chuin dan rdi sau: 
Tieu chuan dan r6i 4: Trang thai ba mode (ABC) bi rdi hoan toan nlu thoa man 
b i t ding thiic sau: 

|(D)|'>(4A'..Vi.V, + f!). (19) 

3 Ap DU.XG CAC TIEU C H U A N DAX ROI M 6 I DE KHAO SAT TINH DAN R 6 I 
CUA M O T SO TRAXG THAI BA MODE 

Diu tien chiing tdi khad sat tinh dan rdi ciia tam trang thai \GHZ) bao g6m 

\GHZ), = -^f (|000> + 1111)), \GHZ)^ = ^ (1000) - |111)), 

\GHZ), = j ^ (1001) + |110)), \GHZ), = ^ (1001) - 1110)), 

\GHZ), = ^ (1010) + 1101)), \GHZ), = j , (|010> - |101)), 

\GHZ), = J , (1011) + 1100)). \GHZ), = ; ^ (1011) - |100» . 

Kit qua thu dudc, trong tam trang thai GHZ da neu ra, hai trang thai \GHZ)-^ va 
\GHZ)2 hoan toan khong bi roi, sau trang thai \GHZ).,i = {3;4:5;6;7;8} bi rdi 
hoan toan. IVong klii do ngu ^p dung cac tieu chudn tuong dng do nhom tac gia Z.G. 
Li [1] dua ra thi cac trang thai nay chi rdi mpt phSn. 

Tiip theo chung tdi khao sat tinh dan roi cua trang thai kit hop bp ba trong khong 
gian Fock. Trang thai kit hdp bp ba khi khai triln trong khong gian Fock 5] cd dang: 

!e,p.9) = v , , . M E 

trong dd i<p-g.q (r^) 

y/{n-i-p^q)l{n^q)\n\ 

• (k+p+q)Hk-rqy.k] 

\n + p-\-g)Jn + q\\nl, (20) 

la he s6 chuin hoa, ^ = re"^, r va 

) e R, p va g € N. D6i vdi trang thai kit hop bp ba trong khong gian Fock ta thu 


