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CAC TiNH CHAT PHI CO PIEN BAC CAO
CUA CAC TRANG THAI KET HQP PHI TUYEN PIEN TiCH

Ping Hiru Pinh~

Tém tit

Trong bai bdo ndy, nén bdc cao va antibunching béc cao trong cdc trang thdi két hop
phi tuyéﬁ dién tich dwoc nghién cuu. Thu dwoc cac biéu thirc gidi tich diéu kién xudt hién ciia
nén bdc cao va antibunching bdc cao. Biéu dién cac trang thai o do xudt hién tat ca nén béc
cao, antibunching bdc cao. Tuy nhién, tinh antibunching bdc cao co thé thé ton tai hodc
khéng tiy thuéc vao cdc tham sé ciia cdc trang thdi nay.
Tw khoéa: nén bac cao, antibunching bac cao

1. Giéi thiéu

Cung véi cac tién bd vuot bac ca 1y thuyét va thuc nghiém hién nay trong tat ca
cac linh vuc khoa hoc, khoa hoc théng tin lwong tir ¢3 ddn dén nhan thtc chung tinh
nang phi cd dién trong thé gidi luong tir c6 thé dugc st dung trong cac mang truyén
thong dé dat dugc cac nhiém vu khac nhau ma tinh nang co dién khong thé thuc hién
dugc, chang han nhu mat ma luong tir [14, 15, 22] vién tai lwong tir [16, 17], tinh toan
luong tir [18, 24, 21, 23], v.v... Vi du, anh sang nén c6 thé dugc 4p dung cho dich
chuyén céc bit luong tir bi rdi [2] va anh sang phan két chum (antibunching) rat hiru
ich dé thyc hién truyén thong luong tir va tinh toan luong tir [3]. Mac du ap dung thuc
té cho nhu cau hang ngay van con 1 vién canh, nhung hiéu Gmg phi c¢6 dién hira hen
tiém nang Gng dung déng ké trong tuong lai. Vi vay, viéc tim kiém va nghién ctru cac
trang thai mdi phi cd dién 13 van dé cap thiét. Ngoai cac trang thai phi c6 dién duoc
biét dén cho dén nay, mot trang thai phi c6 dién méi duoc gidi thiéu trong [6, 7, 9,
10]. Pay la nhitng trang thai két hop phi tuyén dién tich tir viéc tong quat hda cac trang
thai két hop phi tuyén [19, 20]. Xét ham f va céc toan tir bién dang

A=af(n), A=, W
O day a,a” va n =a‘a,i=1,2 tuong tng la cac toan tit hity, sinh va 13 cic toan tir
s6 boson ciia mode thtr i, va f (n) 12 mot ham phi tuyén dic trung cac hé vat 1y. Cap
toan tir huy boson bién dang A A, cia ham f va toan tir dién tich giao hoan véi
nhau, tirc 1a [Q,AA]=0, ¢ day toan tir dién tich dugc dinh nghia Q=a/a —a,a,.
Nhu vay, hai toan tir nay phai thoa man cic phuong trinh gia tri riéng dudi day:
Q[¢.a. )= als.a. f)

2
AA &G P)=lEa T, @)
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& day ¢ e Cva qla mot s6 nguyén da dugc goi 13 sé dién tich. Cac trang thai riéng co
biéu thirc tong quat sau:
&0, F)= D Cun[nim). (3)
n,m=0
Thay (3) vao (2) va tinh toan cac hé s6 khai trién mot cach truc tiép thu dugc hai trang
thai riéng biét nhu sau:

q!n>! qZO! (4)

f>(+) N(+) -1/2
.6 146 nz(;[f(n)]'[f(nm)]'f\/n+q]'

_ &
40 00 NN Y e e ™ 9<0

Céc trang thai nay co thé duogc dat trong mot biéu thirc sau:

B PR & ag+lal = 9-ldgl
50 D =N T a2 " 2 > ©)

v61 hang s6 chuan hoa hoa dugce cho boi

N |1
N(SF) =2, : (7)
i+ a4 FMLf(n+1ap]y’
Trong céc biéu thiic (4) - (7) ching t6i dung cc dinh nghia sau:

[f()]!1= () f(n=1)...F (D), [f(0)]!=1, (8)

()

va
[n+[al]!'= (n+]g)(n=1+]q])...0+ | q ), [lal]'=1

[f(n+]aD]'=f(+]al) f(n=2+[q])...f@+[al),  [f(aD]'=1.
Pé kiém nghiém cac dinh nghia di néu, chiing t6i thay thé f (n) = 1 trong céc biéu thirc
va kiém tra thu duoc céac trang thai két hop di¢n tich chuan.
2. Antibunching bac cao
2.1. Antibunching don mode
Antibunching bac cao don mode dugc dinh nghia boi bat dang thic [9, 10]

() ol ) <)), (o

o day <> la ky hiéu trung binh luong tir, X = {a, b}, I, m 14 cic s6 nguyén thoa min

(9)

didu kien 12m>1 va n® = H':O (n,—j). Antibunching bic mot twong tmg véi
m=I=1 khi d6 phuong trinh (10) tré thanh

<n§><<nx>2, (11)
va ta c6 bat dang thic

((an)?)=(n2)=(n,)" <(n,). (12)
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O day chung ta khao sat trudng hop | >m cua antibunching béc | ton tai véi mode X néu
<n§'+1)><<n'x>(nx), (13)

hoac, tuong tu

<n)((| +1)> . "
,=——-<L
A CAES, (14)
Ham A, do muc antibunching don mode bac I; Ay, cang nho hon 1 thi tinh
antibunching cang thé hién rd nét.
Trong trang thai két hop phi tuyén dién tich |cf, g, f> biéu dién boi phuong trinh
(6) chung ta thu dugc véi | bat ky

” 2n {n+q+2|qq!
N e o el e

0.9 - 0.9
_,J-—a:i:?%ﬁ
T 0.8
0.85 e
—_— —
_____ ____Fu—':_,_a-:’;:-__-::,-__-:_:__-;"f 0.7
0.8 Lmemm—= L T
o~ ) d__'__,-—"‘""d____.-" .-"-:__-"-f o~ 0.6
ﬁ:m = ___.--"'- . a <Cm
0.75 __J--F"’F’_____.—-" - 0.5
T = 0.4
0.7 e
-_____.-” 0.3
1 2 3 4 5 6 7 8 0.5 1 1.5 2 2.5 3 3.5 4

Hinh 1. Antibunching don mode béc hai cia mode a, A,, nhu mot ham ctia r. Hinh bén trai véi q = 6,
7,8,9, 10, 11; hinh bén phai véi q =0, -1, -2, -3, -4, -5.
néu q>1 thi
0 r.2n
(NP =NO(EP)TY - (16)
o n!n+q-Y[ f(M][f(n+a)]!}

vOl
NOQER) =S & |
§n![n+q]!{[f(n)]![f(n+q”!}

néu 0<q<lI thi
2n

M\ _ 200 NG (| £2)LS r .
)= (=h) ;n![n—qﬂ]!{[f(n+|)]![f(n—q+|)]!}2

Mot cach tong quét véi q>0 ta co

(17)
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2n

M\ _ pla-ti=(a-1) Ny () 2\-1N d

<na> r N (ST ;{ |q_||_(q_|)}[ |q—||—(q—|):|

n+q—|+f ! n+f !
"i 1 > (18)

n_o{[f(n+m_||2_((:l_l))}!{f(n+q+Iq_”;(q_l)):|!}
Néu q<0 thi

O\ _  2NO(EPYES rr (19
<na> r (1<) gn![n_q+|]!{[f(n+|)]![f(n—q+|)]!}2 (19)

vOi

N(E| ){gn![nq]!{[f(n)]![f(nQ)]!}ZJ.

Tuong tu, vo1 mode b,

) {n—q_mq!
nt()|) —(b"'b'Y = N( EP) < r - 2 ,(20)
()=o) nz=:on![n+|q|]!{[f(n)]![f(n+|CI|)]!} {n—q_2|q|—|}!
néu >0 thi
<né')> =r?NW (& |2)_li - (21)

nln+q+ ][ f D] F(h+q+ 1]
néu q<0&I+q<0 thi

A0)=NO(ERYTS - @
) nz_:in![n—q—l]!{[f(n)]![f(n—q)]!}

néu q<0&I+q>0 thi
0 2@ N (| 2Py N r’r . (23
n?)=r (<D nZ?n![n+q+l]!{[f(n+|)]![f(n+q+|)]!}2 )

Téng quét cho trudng hop <0 dbi véi mode b ta co:

0 2n
() = plastk @D N ) () £ 2) 1 r
< b > S| ;[n+|q+||+(q+|)}[n_q_l+|q+l|+(q+l)}
2 2
= 1
XZO 2 (24)

{[f(m'q*";(‘“'))Hf(n_qﬂq*";(‘”")H
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St dung cac phuong trinh (14), (18) va (19) chung t6i nghién ctru tinh antibunching
phu thudc vao cac tham sb trong cac phwong trinh. Ddi véi mode a ching tdi tim tinh
antibunching béc | theo tham s6 r. Trong ca hai truong hop >0 va q<0 déu thu duoc
két qua gia tri A, ting; nghia 13 tinh antibunching giam khi tri tuyét dbi cia dién tich
tang. Hinh 1 hién thi mérc ting tinh antibunching theo cac do thi tir trén xudng dudi.
2.2. Antibunching hai mode
Cho hai mode a va b tuy y (a=b), antibunching hai mode bac cao dugc dinh nghia
boi bat dang thirc [9]

<n§|+1) r.]t(’m—l) + nél+l) n;m—l) > < <n;I)ném) + nk()I)n;m) >' (25)

0 dayl >m=>1. Chung t6i khao sat truong hop | >m=1, khi d6 phuong trinh (25) tré
thanh

(¢ 0™ ) < (n"n, +nn, ), (26)
Tuong tu, hai mode a va b dugc goi ¢o tinh antibunching bac | néu Aqp <1, ¢ day
(1+1) (1+1)
n"YY +(n
Ai,bﬂ = < (|) > < t:l) > 1 (27)
(n®n, ) +(ni"n, )

12 mot s do cua antibunching hai mode bac .

Chung toi nghién cru hiéu Gmg antibunching hai mode béac | véi trang thai két hop phi
tuyén dién tich. Trong cac phép toan duogc tinh, chiing t6i chon | va m 1a cac sé nguyén
duong. Cac gia tri trung binh luong tir dwge phan tich bai cac biéu thic sau

2n

e r
erN(Jr) (l 5 |2) lz -
=0 n![n+q—1+m|{[ f(n+m)]![f(n+q+m)]!}
néu g=>0& g+m=1,
(npr )= A =TS AT . (28)
_ _ r
,,2(1 q)N(+)(| é: |2) 1 ;
=on!n—g+1-m|{[f(n+D][f(n—q+D]}
néuqg>0& g+m<1.
2 2 )
1.75 _ . 1.75 . -"'-._‘_
1.5 F -'-.___- -\--‘-‘".\_ -\:\"‘-.._\_\_\_x E 1.5 ; -\--h-h"‘-\-\. -\-‘H"'x
; 1.25 F 1&&% x“xh_ﬂ_:ﬂ::‘:m_______h- . 1.25 Hx,_h__ﬂi_:jm.,__h__q_u___
g TP e T I E
< e i —— < E  TTT——
075 f T s e A er i
0.5 F __d__::-;;::-'f-_:‘_"' 1 0.5 - ____,ﬂ--’"’:;:;_;ﬂrzfr-;:—:_
0.25 ,;"::'f--f 0.25 -::;;:;ﬁ;_{.ff-’”
- 1’ 2 3 4 5 6 7 8 “ 1’ 2’ 3 4 5 6 7 8

Hinh 2. Antibunching hai mode bac | A, nhu mdt ham cua r véi q =0, 1, 2, 3, 4,5. Hinh bén trai vdi
1=2 va hinh bén phai véi 1=3.
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2n

ANCAERYY . 2
=nl[n—g+1-m|{[f(n+D][f(n—q+D]}

<n(”n('")> néu q<0;&qg+m<lI;
2(q+m)N(—) (l g |2 )—li
Bal[ntqg-l+m{[farm)|[fn+g+m])

néu g<0& g+m=>1.

Tu cac phuong trinh (18), (19), (21), (24), (27), (28) va (29) chung t61 khao sat sy phu
thugc antibunching hai mode bac cao vao cac tham sd. Chung t6i khao sat trong
truong hop véi g, r, | bién thién. O trudng hop g > | ching t6i nhan thdy khong c6 tinh

(29)
an

antibunching. Khi q <1 antibunching hai mode xuat hién. Trong hinh 2, cac gia tri cila
Aupo VA Aps bang khong tai r = 0 khi g < | . Khi bac | cang cao thi tinh antibunching
cang thé hién rd nét.

3. Nén bac cao

3.1. Nén don mode

Theo Hillery [11] ching t6i khao sat toan tr nén bién do bac K

1 K i —
D,(K.g)=J((x ) e” +ake™™), (30)

& day x={a,b}, K=12,3,... vd ¢ la pha x4c dinh phuong cia <xK> trong khong gian

phuc. Cac toan tu trong (22) cé pha sai khadc nhau mdt goc 7 /2 tudn theo hé thuc
giao hoan

[D.(K,9),D.(K,p+7/2)]= éL (K), (31)
vol L (K) dugc cho boi

K M
L (K) = I_Z(K'_KI)I“ Y X< (32)

& day K = H’]t (K — j). Mot trang thai duoc goi 1a nén bac K trong mode x néu tdn
tai mot goc ¢ sao cho
P.(K.0)= (4D, (K.0))" ) (L, (K)) <O, (33)
Trong trang thai két hop phi tuyén dién tich v6i K va x bat ky ta c6
P.(K,p)== < ), (34)

P (K,¢) khong phu thudc vao goc ¢ va luon duong.
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3.3. Nén hai mode
Toan tir bién do truc giao Iy thura K cua truong hai mode trong qua trinh nén bac cao
kiéu Hillery c6 dang:

1
2.2

Trong d6 K=1,2,3,... va goc ¢ la goéc tao boi D, (K,p) vai truc thyc trong mat phang

D, (K,p)= (a" +b) e +(a+b)e ), (35)

phirc. Theo (33) hai thanh phan bién d¢ truc giao tuan theo hé thirc giao hoan

i
[Da (K, ), Dab(K,(PJrﬂ/Z)]:ZLab(K), (36)
voi L, (K) cho boi
L, (K)=(a+b)“(@" +b")“ —(@" +b")<(a+b)"“. (37)
Mot trang thai dugc goi 1a nén hai mode bac K néu ton tai mot gbécp ma ¢ do
1
P (K,) = (4D (K, 0))* ) = (L (K)) <O (38)
Thuec hién cac phép tinh don gian ddi véi trang thai két hop phi tuyén dién tich ta co
2
1& K1
P, (K,p)== —— | (D), 39
ab( ¢) 4;(('(—')"'] < a b > ( )

Trong phuong trinh (39) cho thiy khong c¢6 goc ¢ va P, (K,@)luén duong. Do do,
khong c6 nén hai mode trong trang thai két hop phi tuyén dién tich.

4. Két luan

Trong bai béo nay, chung t6i di khao sat hai tinh chat phi c6 dién cua cac trang thai
phi tuyén dién tich, d6 1a tinh antibunching bac cao va tinh nén bac cao. Cac hinh vé
c6 duge tir vide khao sat cac tinh phi c6 dién cua trang thai dién tich chuan. Tinh
antibunching bic cao trong trudng hop don mode xuat hién & tat ca cac bic nhung
antibunching bac cao hai mode chi ton tai tuy thudc vao cac gia tri cua |, g. Tinh
antibunching phu thudc vao cic tham sd da dugc khao sat ddi voi truong hop don
mode va hai mode. Nén bac cao don mode va hai mode trong trang thai két hop phi
tuyén dién tich khong ton tai v4i bat ky bac nao dugc khao sat.

Ngoai mét sb tinh chit phi c6 dién cua trang thai két hop phi tuyén dién tich di duoc
nghién ctru, chung t6i ciing dé xuét nghién ctru tiép cac tinh chat phi cd dién cua trang
thai két hop phi tuyén chan/lé dién tich o
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Abstract

Higher-order non-classical properties of nonlinear charge coherent states
In this paper, the higher-order squeezing and the higher-order anti-bunching in two-mode
nonlinear charge coherent states are studied. The analytical expressions of the conditions for
existing the higher-order squeezing and the higher-order anti-bunching are obtained. It is
showed that these states exhibit all the higher-order squeezing and the higher-order anti-
bunching behaviors. However, the higher-order anti-bunching may or may not exist
depending on the parameters of these states.

Key words: higher-order squeezing, the higher-order anti-bunching



