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Tom tat. Bai bao nay nghién cau tinh chét antibunching cua photon tin sb tdng tao bi hé tuong tac
nguyén tir voi N photon & trang théi két hop, két hop phi tuyén chan-1é va nén két hop. Trén co so cac tiéu
chuan dé ton tai tinh chét antibunching bac cao, chiing toi dua ra biéu thuc giai tich cho tinh antibunching
bac cao tong quat ciia hé N photon tan s6 tong & ngd vao. Két qua nghién ciu cho thay rang khi cac mode
& ngd vao déu & trang thai két hop thi hoan toan khong ton tai tinh chat antibunching. Trudng hop cac
mode ngd vao ¢ trang thai don mode két hop thi s& khdng co tinh chat antibunching, nhung chi can cé
mat it nhat mot photon ¢ trang thai phi co dién thém vao thi tinh chat antibunching thé hién rd nét khi
ching ta chon gia tri caa bién d6, géc pha va do nén phu hop. Khao sét tinh chat antibunching theo trang
thai két hop phi tuyén chin hoic trang théi két hop phi tuyén Ié co két qua tuong duong nhau.

Tur khda. Antibunching; Trang thai nén két hop; Trang thai két hop phi tuyén chin-lé.

1 GIOI THIEU

Sy ra doi caa thuyét luong tir vao cudi thé ky XIX di tao nén budc ngoit trong tu duy vat Iy cia nhan
loai. N6 gilp ching ta giai thich duoc nhiéu hién trong ma thuyét ¢ dién khong thé giai thich dwgc. Hién
nay, thuyét luong tir da duoc (g dung rong réi trong khoa hoc va cong nghé, dic biét 1a trong linh vuc
truyén théng quang hoc.
Trong vai thap ky tro lai day, khoa hoc di va dang tién gan dén giGi han lwong tir chuan hay giéi han gay
nhiéu. D4i véi cac bo song, viéc gay nhidu hay con goi la cac thiang giang khong can thiét va phai duoc
loai bo. Boi vi cac thing giang nay lam cho tin hiéu truyén di bi nhiéu, lam giam do chinh xac ciia phép
do quang hoc va han ché chit luong truyén tin. Do d6, ngudi ta da tim cach tao ra cac trang théi vat Iy ma
& d6 cac thing giang duoc han ché toi muac téi da va sau d6 1a wng dung vao thuc nghiém dé ché tao cac
dung cu quang hoc dam bao tinh loc lya va do chinh xé&c cao. Va tir ddy mot sb khai niém trong quang
hoc luong tir dugc ra doi nhu: trang thai két hop, trang thai nén, cac thiang giang luong tir, gisi han luong
tr chuan, v.v...
Céc trang thai phi co dién tiép theo 1a céc trang thai két hop chin l¢ duoc tao ra bang thuc nghiém [1].
Tuy nhién, ching la cac trang thai két hop tuyén tinh. Trong nhitng nim gan ddy, mot s6 nha khoa hoc da
nghién ctru cac trang thai két hop phi tuyén nhu trang thai két hop phi tuyén chin va I¢, trang thai két hop
chan va Ié phu thugc vao tham sé bién dang g, trang thai két hop cap, trang thai két hop bo ba [2], [3],
v... Ngoai c4c tinh chat nén cua cac dai lwong vat Iy, cac tinh chit phi cb dién ciing thé hién cac tinh
chat ndi bat nhu tinh chit Sub-Poisson, tinh chét antibunching va sy vi pham bat dang thirc Cauchy-
Schawrz. Antibunching 1a diéu can thiét trong viéc tao ra cac photon don 1 dé trién khai céc giao thic
hoan toan an toan.
Viéc nghién ciru va tim hiéu tinh chat phi c¢6 cua cac trang thai phi co dién da va dang dugc nhiéu tac gia
trong nudc nghién ctu. Tuy nhién tinh chat antibunching cua viéc chdng chét cac trang thai trong hé
tuong tac photon va nguyén tir chua duoc cac tac gia nghién ctu chi tiét. Nhitng két qua nghién ctu chi
tiét cua bai bao nay hwra hen rat 16n trong viéc tim ra mot cach c6 thé (ng dung vao thuc té, phuc vu cho
cac cong nghé méi nhu cong nghé sinh hoc, cdng nghé nano, san xuit may tinh luong tur c6 toe do xu ly
nhanh hon nhiéu 1an so v&i cic may tinh dang str dung hién nay.
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1.1 TRANG THAI KET HQP PHI TUYEN CHAN-LE
Trang thai két hop phi tuyén chin (KHPTC) va trang thai két hop phi tuyén Ié (KHPTL) la ham riéng cua
toan tr F(A)4 voi F(A) 1a mot ham cia toan tir s hat A .
F(R)a’ |a,F)=al|a,F), (1)
trong d6 a. 12 mot sé phirc bat ky trong khdng gian phuc. Pit |, F,+) 1a trang thai KHPTC, |, F,—) la
trang thai KHPTL. Céc trang thai KHPTC va KHPTL duoc khai trién theo trang thai Fock c6 dang

(2)

< |a | 2 a"
la’F’+>_{;(Zn)![F(Z(n—l))!!]Z} nz_ll«/(Zn)!F(Z(n—l))!!lzn%

o F. {Z; (2n+DI[F(2n -] } Z\/(Zn +1)IF(2n-D)1! |2n+D. )
trong d6 F(2(n—1))!'=F(0)F(2)...F(2(n-1)), va F(2n-D!'=F@D)F(3)..F(2n-1).
1.2 PIEU KIEN PE TON TAI TINH CHAT ANTIBUNCHING CHO TAN SO TONG
a) Antibunching don mode
Diéu kién dé mot trang théi cd tinh chat antibunching trong trudng hop don mode 1a

(RDYAM D) — (ROY(A™) <0, @

Phép do cap do tinh chit phan két chim bac cao don mode dwgc dinh nghia trong [4]. Theo Lee, tiéu
chuan dé ton tai tinh chat phan két chim bac cao don mode duoc dinh nghia bang hé sé phan két cham
don mode R(I,m) va thoa man bat dang thirc (4) c6 dang

<ﬁ(|+1)><ﬁ(mfl)>
AN ©

Nhu vay, tiéu chuan cho sy ton tai cia tinh chat antibunching cho trudng hop don mode ¢6 thé dugc khéi
quat hoéa nhu sau

R(I,m) =

<ﬁ(|+k)><ﬁ(mfk)>

R(I,m;k)zm

-1<0. (6)

b) Antibunching hai mode
Phép do cip do tinh chat phan két chuim bac cao hai mode dugc dinh nghia bai Lee [5]. Theo Lee, tiéu
chuan dé ton tai tinh chat phan két cham bac cao hai mode dugc dinh nghia bang hé s6 phan két chum hai
mode R, (I,m) va thoa man bat dang thirc

<ﬁ§|+l)ﬁémfl)> + <ﬁ;mfl)ﬁé|+l)> _ <ﬁ§|)ﬁém)> _ <ﬁ;m)ﬁé|)> < O, (7)
c6 dang
<n(|+1)n(m 1)>+<n(m—l)n(|+l)>

(A Aél)ném)> + <ném)nél)>

Néu tham s6 R,,(I,m) cang bé hon 0 thi tinh chat antibunching cua trang thai d6 thé hién cang manh,

Ryo (1) = -1<0, ®)

nghia 1a trang thai d6 thé hién tinh luong tir cang lon.

¢) Tinh chit antibunching bac cao don mode

T cong thuc (6), xét truong hop don mode, chon I=1m=k, ta c6 didu kién dé co tinh chét
antibunching bac k c6 thé viét lai nhu sau:
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<ﬁék+l)>
Aok = Taiooa <~ 1<0, 9)
T AEXA)
trong d6 A =CJ (t)C, (t) la toan tir s& hat tng véi cac mode ¢ ngd vao; I,m 1a cac s6 nguyén dwong thoa
man diéu kiéu | >m>1. Va (10) dugc viét lai duéi dang

V(Cs (t); k) = (AE™) —(AZI)(Ac) <O, (10)
trong do
A = [T (A J) = AR -1 - 2)..(0 k) = C2* L D). (12)
j=0

Viy diéu Kién dé c6 tinh chat antibunching bac k tré thanh
V (Cs (1);k) = (C{* D (0)CE™ (1))
— (COCEDY(C: ()C, (1)) <O,

Khi khao sat hé c6 tinh chat antibunching hay khong thi chiing ta chi can khao sét thanh phan trong dau
ngoac vuong.

(12)

N

V(C,(t).k) {H@?éo—Re{e‘mlﬁ[@ﬁ}
j=1

+Re{92i95ﬁ(éj>2}— Re{ﬁ(éjxé})H <0. (13)
j=1 j=1

2 KHAO SAT PIEU KIEN TON TAI TiNH CHAT ANTIBUNCHING BAC CAO CUA
PHOTON TAN SO TONG
Trudc khi tién hanh khao sét tinh chat antibunching vai ngd vao c6 su tham gia cua cac mode ¢ trang théi
KHPTC hoic KHPTL, ta can chi rd ham phi tuyén F(n). Trong bai bao nay, ham phi tuyén F(n) duoc
chon 12 ham mé ta trang thai chuyén dong cua ion bi giam giir c6 dang

F(n) = L, (7")[(n+DL5 (7*)] ™, (14)

trong d6 7 1a hé sé Lamb-Dicke dugc xac dinh nhu sau: 7 =k, (/2M )2

, Voi K, 1a vecto song cua
truong laser, M, v lan luot 1a khéi lugng va tan s6 dao dong cua ion bi giam giir. L2(5°) la da thuc
Laguerre suy rong c6 bac n theo n? vathamsé a, da thuc Laguerre suy rong dugc dinh nghia nhu sau:
() = Z”: (n+a)! (%)’ _ (15)

Zn-Ni@a+n! 1
Khi 77 — 0 thi F(n) =1, trong truong hop nay cAc trang thai két hop phi tuyén sé tré thanh cac trang théi

két hop thong thuong. Tuy nhién, khi 77 0 thi sy tuyén tinh s& phu thudc vao do lon cia 7 . Vi vay trong
gi¢i han cua bai bdo, ching tdi s& chon céc gia tri cia 7 mot cach hop 1y dé cac dic diém co ban lién
quan dén tinh phi tuyén duoc thé hién rd nét.

2.1 Piéu kién ton tai tinh chat antibunching béc cao cia photon tan sb téng tao bai hé twong tac
nguyén tir véi N photon ban dau ¢ cac trang thai két hgp, KHPTC, KHPTL va nén két hep

Trong céc truong hop tong quat, cac mode & ngd vao khong dong thoi cliing 1a mét trang thai ma mot sé
chilng c6 thé & trang théai nay, mot sb khac lai ¢ trang thai khac. Cu thé 1a ¢6 L mode & trang théi két hop,
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M mode & trang thai nén két hop. K mode ¢ trang thai KHPTC va Q mode & trang thai KHPTL (véi N =
L+M+K+Q).

Biéu thuc diéu kién ton tai tinh chat antibunching caa photon tan sé tong tao bai hé twong tac nguyén tir
v6i N photon ban dau & cac trang thai két hop, két hop phi tuyén chan, 1é va nén két hop nhu sau

V(C,[0.k) = [H@C MTECH TTEE) TT €

gq=L+1 i=M+1 j=K+1

—Re{H<C YENTTEIEN TTENEN T (e}

q=L+1 i=M+1 j=K+1

—Re{e*“9 <C >H (C2) H (€ H €N}

q=L+1 i=M+1 jJ=K+1
+Refe? H(c 2) H () H (€2 H €H}<o, (16)
g=L+1 i=M+1 j=K+1
trong do ol ,(f la c&c toan tir sinh, huy ¢ trang thai két hop; CT,C 14 c&c toan tu sinh, huy & trang théi
nén két hop; C C la céc toan tir sinh, huy & trang thai KHPTC va C C Ia c&c toan tir sinh, huy & trang

thai KHPTL.
2.2 Truong hop tit ca cac mode déu & trang thai két hop
Xeét truong hop céc tat ca cac mode & ngd vao déu & trang thai két hop | e,) tng véi s6 phire dic trung

a, = rpeigp . Theo (16), diéu kién dé cd tinh chat antibunching bac cao cu thé cho truong hop nay la
N N N
Vo=]]ri- (H rpz)cos(ZZQp ~26,)
p=1 p=1 p=1
+(ﬁ rpz) cos(Zi 6, - 205) - ﬁ ry=0.
p=1 p=1 p=1

photon tan s tong & ngd ra hoan toan khdng cé tinh chat antibunching.
2.3 Truong hop tit ca cac mode & ngd vao déu & trang thai nén két hop
Gia sir rang tat ca N mode & ngd vao déu ¢ trang thai nén két hop | e, z,) ng véi sé phire dic trung

(17)

Q’q

oy = rqein . Piéu kién dé co tinh chét antibunching bac cao tdng quat cho trudong hop nay c6 dang
N N N N
vi=]] (rq2 + sinhz(sq)) T+ (H rqz) cos(ZZHq - 205)
q=1 gq=1 q=1 q=1

—Re{e"” (r2 20 _ gl sinh(sq)cosh(sq))}. (18)
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Hinh 1: D6 thi V, duoc khio st véi tong mode ngd vao N =6 trong trang thai nén két hop, hinh (a) khao sat \;
theo bién do nén két hop r, va goc pha ¢, khi N =6, 6, = y, =z, s, =0.1. Trong khi d6, hinh (b) khao sat V,
theo bién do nén két hop r, vaphanénkéthop 6, khi N =6, 6, =0, yz, =7, 5, =0.1.

(b)
AR AT
)

0

;_1§

_25.

,3%
o 1 2 3 4 5 6

Xq

Hinh 2: D6 thi V, duoc khio st véi tong mode ngd vao N =6 trong trang thai nén két hop, hinh (a) khao sat \;
theo pha nén két hop 6, véi N=6, 6, =0, y, =7, s,=0.2 khi r, thay doi voi cac gia tri r, =0.8 (den),
ry =0.9 (d6), r, =1 (xanh). Trong khi d6, hinh (b) khao sat V; theo y, voi N =6, 6, =6, =0, s, =0.3 khi r,
thay ddi véi cac gia tri r; =0.8 (den), r, =0.9 (do), r, =1 (xanh).

D6 thi V, véi tong s mode ¢ ngd vao N =6 dugc thé hi¢n & Hinh 1 va Hinh 2. Va két qua cho thay khi
6, =0 thi tai nhitng goc pha 6, = y, =mx thi tinh chat antibunching bac cao thé hign rd nét nhat, khi do
tinh chét antibunching gan nhu khong phu thudc vao cac bién d6 nén, bién do két hop va do nén nira. Khi
tang gia tri cac tham s trén thi tinh chat antibunching cang thé hién mot cach nhanh chéng va ré nét.
Hinh 2 cho thy khi c4c gia tri cua bién d¢ nén r, tang thi tinh chét antibunching cang thé hién rd. Voi
nhitng gi4 tri dwong bét ky cua r,, s,, cho thy tinh chét antibunching thé hién mot cach tuan hoan theo
cac goc pha. Tinh tuan hoan nay phu thudc rat 16n vao viéc chon cac goc pha. Chi khi cac goc pha c6 gia
tri gan véi mz,mell thi tinh chat antibunching méi thé hién.

2.4 Trwong hop tit ca cac mode & ngd vao déu & trang thai KHPTC

Gia sir tat ca N mode & ngd vao déu 6 trang thai KHPTC | 8, ting vai sb phirc dic trung £, = pie .
Diéu kién dé c6 tinh chat antibunching bac cao tong quat cho trudng hop nay cé dang

_ - 2N pi2n2n
Ve ‘@C" | = (2n)![F(2n-2)1?

0 (2n+1)

~oos(3 - 20)[ [ 2

(19)

~(2n)!IF (2n - 2)UF (2n)!T

Hinh 3: Hinh (a) khao sat V2 theo bién d0 KHPTC p; va goc pha KHPTC ¢; khiN =6, =0.3, 6, =0. Trong khi
do, hinh (b) khao sat V; theo bién d0 KHPTC p; vagoc pha 6, khiN=6, =03, ¢; =7 .

152



Tac gid: Pang Hiru Dinh va cong su

(@) _ (b)
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P Os
Hinh 4: Hinh (a) khao sat V2 theo ¢; v6i N =6, 7=0.3, 6, =0 khi p; thay d6i véi cac gia tri pj =02 (den),
pj =025 (d8), p; =0.3 (xanh). Trong khi do, hinh (b) khio sat V2 theo 6, v6i N=6, 7=0.3, ¢; =0 khi p,
thay ddi véi cac gia tri pj=0.2 (den), p; =0.25 (dd), p; =0.3(xanh).
Theo c4c hinh trén c6 thé thay rang, cac goc pha 6, =mz,mel] va ¢ =kz/3kell thi tinh chét
antibunching thé hién rd nét nhat. Néu cac goc pha thoa mén cac diéu kién vira néu trén thi khi thay doi
bién d6 KHPTC thi tinh chét antibunching van khdng mét di ma s& cang thé hién rd nét néu céc gia tri cua
no6 tang 1én.
Hinh 4 cho thay khi tang gia tri cua p; thi tinh chat antibunching cang thé hién rd nét.
2.5 Truwong hop tat ca cac mode & ngd vao déu & trang thai KHPTL
Gia sir tit ca N mode ¢ ngd vao déu ¢ trang thdi KHPTL | 8;) (ing véi s6 phuc dic trung S8, = p,e” .
Diéu kién dé co tinh chét antibunching bac cao tong quat cho trudng hop nay c6 dang

V-[Ter S, 2D

AT G @n+DFE@n-DIP

(2n+1)

~oos(Y 4, -20)[ [ F i (20)

~(2n+1)IF@2n-DIF2n+DN’

Hinh 5: Hinh (a) khao sat Vs theo bién d KHPTL p; va goc pha KHPTL ¢; khi N =6, 7=0.3, &, =0. Trong khi
do, hinh (b) khao sat Vs theo bién 40 KHPTL p; vagoc pha &, khiN=6, 7=0.3, ¢; =0.

(a) ‘ (b)
3 4
2 2
1
S0 g i
- =2
) ‘ 4
0 1 2 3 4 5 6 0 1 2 3 4 5 6
] Os
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Hinh 6: Hinh (a) khao sat Vs theo ¢; véi N =6,77=0.3, 6, =7 khi p; thay doi véi cac gia tri pj=0.1 (den),
pj =0.11 (dd), p; =0.12 (xanh). Trong khi d6, hinh (b) khao sat Vs theo &, v6iN=6, =0.3, ¢; =0 khi p;

thay ddi véi cac gia tri pj =1 (den), p; =1.1 (do), p; =1.2(xanh).

Tuong tu trudng hop khao sat V, ciing thu dugc két qua khao sat V; tai cac goc 6, = mz, ¢, =kz 13 (véi
m,k ) thi tinh chat antibunching dugc thé hién rd nét nhat va co tinh tuan hoan. Tinh chat
antibunching phu thugc vao gia tri cua p;, gia tri p; cang tang thi tinh chét antibunching cang thé hién

ro

2.6 Trwong hgp M mode & trang thai nén két hep, K mode ¢ trang thai KHPTC
Diéu kién dé co tinh chét antibunching bac cao tong quat cho trudng hop nay c6 dang

0 2n
V, = [T(2 +sinh?s)) TTIC P Y -2
g=1

=M1 = (2n)![F(2n-2)11*

_ Re{e—zwsﬁ(rqzez‘f’q — e sinh(s, ) cosh(s, ) ﬁ e |Cy P i il }o@
q=1

i=M +1 n=1

(2n)!IF2n—2)lF(2n)1¥

Hinh 7: B4 thi V, khao satvéi M =2,K =6,L=0; M =2,K =6 va Q=0; hinh (a) khao sat V, theo s, va ¢
v6i =03, 1,=p,=01, 6,=6,=7/2, y,=0.Trong khi do, hinh (b) khao sat V, theo y, va ¢ khi n =03,
£ =03,1,=5,=02, 6,=6,=7.

(a) (b)
_5 gl _2
S 10 -
~15 >-5
6
0

O 05 10 1.5 20 25 30
0q sq

Hinh 8: 6 thi cua V, khaosatvéi M =2,K=6,L=0,M =2,K=6 va Q=0; hinh (a) khao sat V, theo 6, véi
n=03, 1,=5,=05, y,=¢ =6,=0 khi p, thay ddi véi cac gid tri p, =02 (den), p =0.25 (do), p =0.3
(xanh). Trong khi do, hinh (b) khao sat V, theo s, voi 7=03, 1, =05, 6, =y, =6, =7, ¢ =0 khi p thay
ddi véi cac gia tri p; =0.1 (den), p, =0.11 (do), p, =0.12 (xanh).

Khao sat V, véi tong s6 mode & ngd vao N =6, trong d6 co6 M =2 mode & trang thai nén két hop va cac
mode con lai & trang thai KHPTC, cho két qua véi cac goc pha Xq=7, 6,=0,=mr va ¢ =kn /2,

(m,k €]) thi tinh chat antibunching dugc thé hién rd nét nhat. Néu cac géc pha thoa man cac didu kién
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vira néu trén thi néu thay doi bién do két hop, bién do KHPTC thi tinh chat antibunching van khéng mat
di ma s& cang thé hién rd nét néu cac gia tri cua chung ting 1én.

2.7 Truong hop M mode & trang thai nén két hop, K mode é trang thai KHPTC va Q mode é trang
thai KHPTL

Diéu kién dé c6 tinh chat antibunching bac cao tong quat cho trudng hop nay c6 dang

M K © 2n Q © 2n
_ 2 . 2 2 pi 2n 2 pj (2n+1)
V5_1q1(rq +sinh (Sq))H|C°| Z(Zn)![F(Zn—Z)!!]Z H 1G] Z(2n+l)![F(2n—l)!!]2

i=L+1 n=1 j=K+1 n=1

(2n+1)

M K ©
_ -2i6, 2,210, ixg o id, 2 I
Re{e Iq_ll (rqe e smh(sq)cosh(sq)) | I e’ |Cyl Z(Zn)!F(Zn—Z)!!F(Zn)!!

i=L+1 n=1

Q

% i¢j 2 S 'DJ
[ el ;(2n+1)!F(2n—1)!!F(2n+1)!!}' (22)

j=K+1

(b)

e
e e e

N\ \ 100
- 02
: " oas 020
) 0.05 010
0.00 S sq

Hinh 9: Khao sat dd thi Vi v6i L=0,M =2,K =4va Q=0, L=0,M =2,K =4 va Q =0. Hinh (a) khao st V
theo cac s6 hang cua P va 0, voi n =053, 1, =p; =01, s, =01, ¢ =¢; =6, =y, =7 . Hinh (b) khao sat V;
theo cac s6 hang cua p, va s, v6i 7=03, 1, =p; =01, 6,=7/2, 6,=y,=¢ =¢; =x.

(a) (b)
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Hinh 10: Db thj Vg v6i L=0,M =2,K =4 va Q=0, L=0,M =2,K =4 va Q =0; hinh (a) khao st V theo 6,
véi n=0.3, Iy =P =0.2, Pj =03, 4 =¢j =X =0, 6’q =x/2, khi Sq
Sq =0.2 (do), s =0.3 (xanh). trong khi do, hinh (b) khao sat Vg theo r, véi 7=0.3, p;=s,=01, 6, =7/2,
Xq =% =¢j =0, =7 khi p thay ddi véi céc gia tri p; =0.1 (den), p =0.2 (d6), p =0.3 (xanh).

thay doi voi céc gia tri s, =0.1 (den),

Khao sat V, trong trudng hop tong sé mode & ngd vao N =6, trong d6 c6 M =2 mode & trang thai nén
két hop, K =2 mode & trang thai KHPTC va cac mode con lai ¢ trang thai KHPTL. Két qua thu duoc, tai
cic goc pha théa man diéu kién y, =6, =6, =4¢; =kz voi kel thi tinh chat antibunching dugc thé
hién rd nét nhat. Khi d6 néu thay doi gi4 tri cac bién do cua céc trang thai va do nén thi tinh chat
atibunching van khong bi mét di, nguoc lai s& cang thé hién rd néu ta ting cac gi tri cua bién do va do
nén lén.
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NGHIEN CUU ANTIBUNCHING BAC CAO CUA PHOTON TAN SO TONG...

3 KET LUAN

Nhu vay bai bdo da khao sat tinh chat antibunching cia mot sé trudng hop cu thé caa photon tan sb tong
& ngd ra cia hé¢ N photon twong tac ban dau & céc trang thai két hop, két hop phi tuyén chin, 1¢ va nén
két hop. Qué trinh khao sat cho thay rang:

Tinh chat antibuching phu thugc rat I6n vao cac goc pha 6;,6,,6,, x4, x; hodc y; va cic bién d ket hop
r,,r,, bién do nén két hop r, va do nén s, bien do KHPTC p hodc bién do KHPTL p;. Tinh chit
antibuching thé hién rd nét nhat tai géc pha 6, =mx . Bién d0 cua cac trang thai va d6 nen co gia tri cang
In thi tinh chat antibuching cang thé hién ré.

Sb lily thira bac k khong anh huong dén diéu kién dé co tinh chét antibunching bac cao hay khéng ma
chi anh huong dén viéc thé hién tinh rd nét cua tinh chat nay trong cac truong hop néu trén.

Bai béo nay c6 thé mo rong pham vi nghién siu hon tinh chit antibunching cua cac trang thai nhu: trang
thai Binomial, trang thai siéu ddi xung, trang thai két hop thém photon, trang théai két hop phu thugc tham
s6 bién dang, v.v...

LOI CAM ON

Cam on Trudng Pai hoc Cong nghiép TP. HCM di tao moi diéu kién danh cho hoat dong nghién cuau
khoa hoc cua cac giang vién.
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STUDY OF HIGH-ORDER ANTIBUNCHING OF TOTAL FREQUENCY

PHOTONS IN APOLYATOMIC AND PHOTON INTERACTION SYSTEM
DANG HUU DINH*!, NGUYEN THI HOAI OANH?
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Abstract. This paper studies the antibunching properties of the total frequency photons generated by the
atomic interaction system with N photons in the coherent state, the even-odd nonlinear coherent state and
the squeezing state. On the basis of the criteria for the existence of high-order antibunching, we give an
analytic expression for the general high-order antibunching of the system of N photons of total frequency
at the input. The research results show that when the input modes are all in a coherent state, there is
absolutely no antibunching property. In the case of input modes in the single-mode coherent state, there
will be no antibunching property, but as long as at least one photon in the additional nonclassical state is
present, the antibunching property becomes evident when we choose value of amplitude, phase angle and
suitable the degree of squeezing. Investigation of antibunching properties according the nonlinear even
coherent state or the nonlinear odd coherent state has similar results.

Keywords. Antibunching; The coherent squeezed state; The even-odd nonlinear coherent state.
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