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Tom tat. Bai bao nay nghién cau hiéu tmg nén bién d6 truc giao biexciton thong qua mot h¢ tuong téc
luong tu gilta photon, exciton va biexciton trong trang thai két hop phi tuyén chan 1é. Trén co s& cac tiéu
chuan nén da c6, chung toi dua ra cac biéu thic giai tich _tuong minh cho cip d6 nén bién do truc giao
biexciton trong trang thai nay. Két qua khao sét chi ra ring nén bién do6 truc giao biexciton xut hién
trong trang thai két hop phi tuyén chan-lé. B nén phu thudc vao cac dac tinh cua biexciton, cac tham sb
nén ciing nhu cac ham phi tuyén. Dac biét, khi ham phi tuyén twong ung voi ham két hop Gilmore-
Perelomov, d6 nén nhan gié tri 16n nhat.

Tir khoa. Nén bién d6 truc giao biexciton; Trang thai két hop phi tuyén chin-lé.

1. GIOI THIEU

Ly thuyét vé& trang thai két hop duoc R. I. Glauber [1] dua ra vao dau thap nién 60 cua thé ky 20 va 6ng
da tién doan hién twong hoan toan luong tir 1 antibunching (phan két cham). Ké tir d6, cac trang thai phi
cb dién lan luot dugce d& xuat va cac nha vat ly ca ly thuyét ciing nhu thyc nghiém ludn quan tdm nghién
ciru. Trang thai nén dugc Stoler dua ra do6 la nhirng trang thai ma do thang giang cia mot dai lugng nao
d6 c6 the nho hon gid tri twong tng cua trang thai bét dinh cuc ticu doi xing [2]. Céc trang théi phi co
dién ké tiép la trang thai két hop cap [3], trang thai két hop chan-lé [4], [3]. V& sau ching da dugc phat
trién thanh cac trang thai két hop phi tuyén vai rit nhiéu hiéu ung phi cé dién va da dwa ra nhiéu tng
dung khéc nhau. M6t s6 trang thai thugc 16p nay 1a trang thai két hop phi tuyén [6], [7], trang thai két hop
phi tuyén dién tich [8], trang thai két hop phi tuyén chin-lé [9], [10] va trang thai két hop phi tuyén thém
photon bién dang chan-lé [11].

Viéc nghién ciru cac hiéu tng nén cua céc trang thai phi ¢6 dién da thu hat sy chl y trong cong dong vat
ly trong nhiéu thap ky qua va van dang 1a chi d& dwgc quan tdm hién nay, dac biét 1a trong viéc ma rong
no tGi cac boson nang trong hé nguyén tir ciing nhu trong vat chat c¢6 dic. Viéc khai thac anh sang trong
mang thong tin lién lac dem dén nhiéu thanh qua to I6n vi nhiéu wu diém cia n6 nhu toe d6 cao, o tuong
thich cao, kha nang bao mat, mién nhiéu tot, ...

Trang thai két hop phi tuyén chan-lé da duoc dé xuat bai Mancini [9]. Pay la mot trang thai phi co dién
nén c6 cac tinh chat lwong tir dang dugc luu y nhu tinh phan két chum, tinh dan réi, tinh thong ké Sub-
Poisson, hiéu &ng nén va su vi pham bét diang thire Cauchy-Schwarz. Cac tinh chit phi ¢ dién cua trang
thai néu trén da dugc nghién cau [5], [6], [8], [10], [11]. Tuy nhién, viéc nghién cau higu tng nén bién do
truc giao biexciton cua trang thai két hop phi tuyén chin-1é van chua duoc dé cap t6i. Chang t6i s& nghién
cau hiéu ing nay dua vao dinh nghia bién d6 tryc giao phu thugc vao thoi gian n va do nén cua bién do
truc giao biexciton. Ching toi hy vong rang viéc khao sat “Hiéu (mg nén bién do truc giao biexciton cua
trang théai két hop phi tuyén chian-1¢” s& gép phan vao cac nghién ctru tng dung lam giam nhiéu tin hiéu
trong viéc truyén thdng tin lugng to.

2. TRANG THAI KET HQP PHI TUYEN CHAN-LE ,
Cac trang thai két hop phi tuyén dugc dinh nghia nhu ham riéng cta toan tie huy bién dang [6]

af (N)|B, ) = pIp, f), 1
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trong d6 4 1 toan tir hiy cua dao dong tir didu hoa, f(A) 1a ham bién dang va 1a ham cua toan ti A.
Toan ta hay bién dang &f (A) duoc dua ra tir viéc nghién ciru mot dao dong tir diéu hoa ma tan sé phu
thudc vao nang lugng caa no.

Trang théi két hop phi tuyén duoc biéu din theo trang thai Fock nhu sau:

15 6=3C . @
n=0

Thay (2) vao (1) sau d6 bién doi ta duoc

|18, 1)= cﬁZJ_f(n)l , 3)

trong d6 C; 1a h¢ s chuan hoa cua trang thai két hop phi tuyén | B, f). Tir do, ta c6 mot s6 tinh chét cua
trang thai két hop phi tuyén:

- Néu chuan hda céc trang thai phi tuyén vé don vi, nghia la cho (B, f | B, f) =1 thi ta duoc

ra -1/2
{Zn'[f(n)'] } | “

Két hop (4) va (3), ta co
ﬂzn - 0
= {Z n'Lf (n )']} fo(n)' "V ©
- Céc trang thai két hop phi tuyén khong truc giao véi nhau
B fla f)=0. (6)

- Trang thai két hop phi tuyén la dang tong quét cua trang thai két hop thong thuong. Khi f(R) =1
thi | B, f) tro vé dang | ).

- Phan giai don vi cua | 3, f) dugc viét dudi dang

[du(B)| B, 1B, T I=1. )
Khai trién | £, f) theo trang thai Fock thi cong thuc (7) tro thanh
2 N BB _
Jaue; ;0 Jntf (n)/mif (m)! Imynf=1. ®)

Trang thai két hop phi tuyén chin (KHPTC) va trang thai két hop phi tuyén Ié (KHPTL) 1 t6 hop tuyén
tinh cua cac trang théi | g, f) va |-p, ).

1B, Fen =Cen (1 B, 1)+ =5, T)). 9)
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Tac gia: Pang Hiru Dinh
Trang thai KHPTL | A, f), 12 t6 hop tuyén tinh phan déi xang cta | B, f) va |-, f)
|ﬂ,f>|:C|(|ﬁ,f>—|—ﬂ,f>), (10)

trong d6, C,, va C, 1a h¢ s6 chuan hoa tuong tng caa | 3, f),, va | B, f),. Do d6, trang thai KHPTC va
KHPTL la cé4c trang théi riéng cua toan tir huy hai hat bién dang

&F )| B, Ty = BB s

R ) (11)
at() B ) =715 1).
Thuc hién khai trién trang thai KHPTC va KHPTL trong khdng gian Fock ta duoc
B +(=A)
fy,=C,C ;
|ﬂ >ch ch ﬁz ff (n)| | > (12)
-(=B)"
f CC
| B, 1), = ﬂz J_f( ! )
Néu duoc viét lai véi trang théi s6 hat chin va sb hat Ié thi cong thire (12) tro thanh
| ﬁ' f>c = (; >1
e ﬁz a/(Zn)lf (2n)| 3
ﬂ2n+l
| B, ) = | 2n+1).
=G ﬁzJ(2n+1)'f(2n+1)'
Céc tinh chét cua trang thai KHPTC va KHPTL:
- Hé s6 chuan héa thu duoc sau khi chuan héa trang thai KHPTC va KHPTL la
o |ﬂ |4n -2
N““:LZ;(Zn)![f(Zn)!JZ} '
(14)

N _ i |ﬂ|2(2n+1) vz
& en+)[fEen+) | ]

trong d6 N, =C,C,, N, =C,C,. Do vay, biéu thuc dang khai trién cia trang thai KHPTC va KHPTL
da duoc chuan hda cé dang

B, e = chZ Wf(zm' 2n), (15)
| B, f), = p +1). (16)

2
'ZJ(2n+1)'f(2n+1)'| "

- Céc trang thdi KHPTC va KHPTL chung khong tu trgc giao véi nhau nhung trang thadi KHPTC
truc giao vai trang thadi KHPTL
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ch<ﬂ7f|a7f>ch ?&0; |<ﬁ,f|05,f>| 7&0,

17
ch<ﬂ’f|a!f>|=|<ﬂ,f|a,f>ch=0, ( )

- Tap hop tat c4 cAc trang thai KHPTC hodc tat ca céc trang thai KHPTL khong phai Ia h¢ dd, nhung
tap hop tat ca cac trang thai két hop phi tuyén chan va Ié tao thanh mét hé co so du, tuc phén giai don vi

C=[du(BB, e ol B, )+ B, (B, T =L (18)

- Trong giGi han tuyén tinh f (A) =1 thi trang thai KHPTC va KHPTL tr¢ thanh trang thai KHC va
KHL thong thuong.

- Truong hop f(A)= \j(q” —-g ™) /n(g—q*) voi 0<q<1 thi trang thadi KHPTC va KHPTL sé& phu
thuoc vao tham sé bién dang q.

3. NEN BIEN PQ TRUC GIAO CUA BIEXCITON TRONG TRANG THAI KET HQP
PHI TUYEN CHAN-LE

3.1 Phwong sai bién d§ truc giao caa biexciton
Bién d¢ tryc giao cua biexciton phy thudc vao thoi gian 7 dugc dinh nghia bai [12]

Y, (o) = %[M “(7)exp(i) + M () exp(-ig)], (19)

Vai ¢ 1a goc xac dinh hudng cua \?M (¢,n) trong mat phang phuc. Dang tuong minh cua \fM (p,n) la
2 -
5 5 s i AL AL . AR
Yu (@.7) =Yy (9) {1—%(“ N¢ + NA)}rg[EXP(I(/J)C A" —exp(-ip)CA], (20)

trong d6 N, N, 14 toan tir sb hat photon, exciton; C*,C va A", A lan luot Ia toan ti sinh, hay photon va
exciton.

Phuong sai bién do truc giao cua biexciton c6 dang

VY, (2,7) =VYy, (@) = 17" {@+ (NG + (N DWVY,, (9)

Lo o o o (22)
+Z[<(EXIO(I(P)C A" —exp(-ip)CA)*) —(exp(ip)C” A" —exp(-ip)CA)*T},
truong hop biexciton ban dau & trang thai két hop thi VY,, () =1/4 va do nén cua bién do truc giao
biexciton dugc dinh nghia nhu sau:

Y, (p,n)-1

7)(/7 = 2772

= R[exp(-2ip)((C)* (A —(CTHANT+(N XN~ FKAV . (22)
Bién do truc giao ciia biexciton dugc nén & thoi diém 7 néu VY,, (¢,77) <1/4 nghia la do nén am
(F, <0), téc do nén cang nhanh khi d6 nén nay cang &m (véi cing mot thoi gian).

3.2 Nén bién dd truc giao cia biexciton trong trang thai két hgp phi tuyén chin-1é

Chiing ta xét dén sy chuyén doi cua biexciton tir trang thai két hop sang trang thai nén. Déi véi photon va
exciton, ta xét trang thai ban dau gom KHPTC, KHPTL hoac nén.
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Tac gia: Pang Hiru Dinh
3.2.1 Photon KHPTC, exciton KHPTC

Trang thai ban dau cua hé 1a

¥ =B D)en®1 Lar 1)en®| B, (23)

Voi | By By | B Fdans | B, 1an luot 14 trang thai KHPTC ctia photon, exciton va trang thai két hop ctia
biexciton.

Chung ta thyc hién khao sat gia tri do nén 7, ¢ cong thuc (22) bang céch tinh céc gia trj trung binh cua
photon va exciton theo trang thai ban dau cua hé, dong thoi s dung phan mém toan hoc Mathematica dé
tinh todn s6 va vé do thi khi khao sat hiéu (mg nén bién do truc giao biexciton cua trang thai két hop phi
tuyén chan I¢ nay.

Céc gia tri trung binh cua photon va exciton ¢ trang thai KHPTC:

#(C)2 =0, 4(C)y, =0,

N o o2l VAN
¢, = .
ch( >ch |Nch| ﬂc ; 2n)|f(2n)|f(2n+2)|'

e e A
N SING 1B nZ‘(ZH)'[f @n+)IPP

Tuong tu, ta co
ch<A>§h =0, ch<A>ch =0,

2 ) ) |ﬂ |4n
Ch(A oh = |Nch| Jin Z(Zn)lf(Zn)lf(2n+2)'

VA
N, =| N2
ch< A>ch | ch | |ﬁ | ;(ZH)'[f (2n+1)|]
Thay céc gia tri trung binh trén vao (22) ta tinh dugc do nén

_ 2,2 c |2 a |2 S |ﬂc|4n S |ﬂa|4n
B =t NG 1N Hé(zn)![f @n+ D)1 ](Z;(Zn)![f (2n+1)!]2j

A" : A1
~cos[2(p -6, - )](g (2n)!f (2n)! f (2 +2)! J[Z; (2n)tf(2n)! f(2n+2)! ﬂ

trong d6 3, =r.exp(i6,); r.,6, 12 s6 thuc, md ta trang thai két hop photon va tuong tu cho trang théi két
hop cua exciton va biexciton.
3.2.2 Photon KHPTL, exciton KHPTL
Trang thai ban dau cua hé lGc nay la

=B, EH®1 B, 1) ®] By, (25)
voi | B, 3, | B, T), lan lugt 1a trang thai KHPTC cua photon va exciton.
Cac gia tri trung binh cua photon va exciton ¢ trang thai KHPTL la

() =0, (C)f =0, (A =0, (A), =0,

(24)

i |,B |4n+2
(CO =INE T B, ;)(Zn+1)lf(2n+1)lf(2n+3)'
Ry N ﬂZ | B[

<(2n+1)! f (2n+1)!f (2n+3)!’

Ny = (B, FIECI B, 1), = WC'W'zi(znul)'ﬁ[?l(zmz)']z’
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0 4n+2
N — , f A+A , f — N’a 2 2 |ﬂa | )
I< A>I I<ﬁa | |ﬁa >I | | | |ﬂa| §(2n+1)l[f (2n+2)|]2
Sau khi thay céc gia tri trung binh cta photon va exciton trong trang thai KHPTL, thi d6 nén tinh duoc
trong trueong hgp nay la

_ 2,2 c |2 a2 S |ﬂc |4n+2 N |ﬂa |4n+2
T = INF I anz(‘;(Zn+1)![f(2n+2)!]2 j(;(2n+1)![f(2n+2)!]2j

~ ~ ~ © |ﬂc |4n+2 © |ﬂa |4n+2
cos[2(¢ =0 ea)](nz;(ZnJrl)!f(2n+1)!f(2n+3)!j(nzt‘;(ZnJrl)!f(2n+1)!f(2n+3)!ﬂ'

(26)

0.00 i —_— e 000 e
' N T~ NN T~
-0.05! v\ . -0.05 N -]
[ \ ‘\ \ s ]
\ n iy [ n) 1
o 010" @ Y Sim: 010 (b) Y fi(n) |
& Los Voo T L) & o5 L folm) |
| \ V= - f3(n): 020 1 | - - f3(n) |
-020' \‘ \.‘ ______ fJ(”)- -U. \\ .\ _______ ﬂ(ﬂ)
-0.25, ! 1 025 \ 4 |

_0.301 ......... | I \; N _().3()‘- L
00 02 04 06 08 1.0 00 02 04 06 08 1.0
v '

Hinh 1: Su phu thuoc cua 7, vao r=r, =r, dbi véi photon KHPTC, exciton KHPTC (a) va photon KHPTL,
exciton KHPTL (b), khi chon 6, =6, =0, ¢ =0(x), cac ham khao sat f,(n) =1, f,(n) =1/n+2x-1, kx=1/2,
3/2,...; f;(n)= Jn+2/(n+1)va f,(n)={1—-[1/ 1+ DI

Cép do nén biexciton F, dbi voi photon trong trang thai KHPTC, exciton KHPTC va photon trong trang
thai KHPTL, exciton KHPTL ¢ cong thic (26) dugc khao sat theo bién do két hop r=r, =r, khi
chong, =6, =0, p=0(x), Vi ham f,(n) =1 s& chuyén cé4c trang thai dang khao sat vé dang tuyén tinh,
ham f,(n)=1/n+2x—-1, x=1/2,1,3/2, ...1a ham phi tuyén xac dinh céc trang thai két hop Gilmore-
Perelomov [8], ham f,(n)=+/n+2/(n+1) duoc thiét 1ap tir trang thai két hop twong Gng véi ham phd
giéng pho hydrogen c6 muc phod e, =1—[1/(n+1)*], ham f,(n)={1—-[1/ (1+n)]} ' c6 dang caa ham xac
dinh trang thai thém photon, trong d6 s 1a sé nguyén khdng am.

Qua viéc str dung phan mém Mathematica d¢ v& do thi cua 7, trong hai truong hop & muc a) va b), ta
nhan thy rang tat ca cac ham phi tuyén déu cho do nén 7, <0, chi ¢6 ham f,(n)=1 thi 7, ludn bang 0.
Khi ta cho 7, =0.3 va tinh theo cic ham duoc chon lan Tuot 12 f,(n), f,(n) va f,(n) thi cac gia tri cua
bién do két hop r tuong tng trong hai truong hop a) va b) 141.5628 . Tir d6 thi ¢ hinh 1 va céc gia tri cua
r cho thay riang su dich chuyén cua cac duong biéu dién trong hai truong hop photon trong trang thai
KHPTC, exciton KHPTC va photon trong trang thai KHPTL, exciton KHPTL la rat nho. Nhu vay, ta co
thé két luan rang cap do nén trong hai truong hop nay véi cadc ham phi tuyén va tham so dugc chon la sai
khéc rat it. Cap do nén tang theo gia tri ciia r va do nén &ng véi ham phi tuyén f,(n) tang nhanh nhét, ké
dénlaham f,(n). Khi r cang I6n thi do nén cang tang manh, ty theo timg ham dwgc chon thi gia tri cuc
dai ctia do nén duoc xac dinh tai mot gié tri cua bién do két hop r.

3.2.3 Photon K]—IPTL, exciton KHPTC

Trang thai ban dau cta hé c¢6 dang sau:

Tzlﬁ(:'f)I@lﬁa'f)ch@lﬁm)v (27)
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Tac gia: Pang Hiru Dinh

Tuong tu, d6 nén trong truong hgp nay tinh dugc la
» 4n+2 w 4n
/P — rCZrBZ | MC |2| Ncah |2 Z |ﬂc | - Z |ﬂa | -
? =S ENHDF2n+ 21T ) = (2n)![f (2n+D)!]

) I | B, |2 z VAN
cos[2(p -6, 9a)1(§(2n+1)!f(2n+1)!f(2n+3)!j[g(zm!f(2n)!f(2n+2)!ﬂ'

Gia tri cua sb hang tha hai trong diu ngogc kep [...] clia phuong trinh (28) am nhét khi ta chon dai lugng
cos(2[p—6,. —6,]) =1, lic nay ludn ton tai mot huong nén ¢, =6, +6,+2kr, k=0,1,2,3,... de do
nén biexciton dat cuc dai. Trong phan khao séat nay, ta chon 0. =6, =0, khi d6 d¢ nén s¢ phu thu¢c vao
bién d6 két hop r va husng nén .

(28)

Ji(n) San)

[N
T ©

d
€
N O

Hinh 2: Sy phu thuoc cua 7, vao r=r, =r, va a=2(p—6, - 0,) déi vai photon KHPTL, exciton KHPTC, chon
6, =6, =0 voi cac ham khao sat f,(n) =1, f,(n) =1/n+2x-1, x=1/2,1,3/2, ... f5(n) =Jn+2/ (n+1) va
f,(n)={1-[1/ @+n)]}™

Hinh 2 1a d6 thi bicu dién sy phu thugc cua ham P, vao bién r=r,=r, va a=2(p-6,-6,). Trong
truong hop ¢ hinh 2 (a), khi chon f,(n) =1 thi do nén P, >0 d6i véi V(r,&). Véi cac ham phi tuyén
f,(n), f,(n) va f,(n) dugc chon va theo huéng nén cuc dai ¢, =2kz thi kha niang xuat hién nén
biexciton la lon nhat va do nén P, s& ting khi tham so r tang, trong d6 ham phi tuyén f,(n) lam cho 7,
tang nhanh nhat khi r tang (hinh 2 (b)), ké tiép dén ham f,(n) (hinh 2 (c)). Cap do nén s& giam dan khi
thay doi huéng nén tir 2kz — (2k +1)7, tai @=(2k+1)7 thi B, 20 véi Vr. Diéu nay c6 nghia la

khong ton tai nén biexciton theo huéng nén nay.
3.2.4 Photon nér], exciton KHPTC
Trang thai ban dau trong trudng hop nay c6 dang
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yj:| Zc!ﬁc>®|ﬁa!f>ch®|ﬁm>l (29)
trong do

|2, 8,) =exp(ﬁcéT —,BC*CA:)expE(z;‘(f2 ~z,C"? )}| 0), (30)

voi z,=s,exp(iz,), S.; 7. |2 cac sé thuc, md ta trang thai nén photon.
Ta 0 cac gia tri trung binh cua photon & trang thai nén nhu sau:

(€Y =(z,,8.IC 2., B.)* = A,

(C*)=(2,,8,1C? |z, B,y = B —exp(ix,)sinhs coshs,,
<Nc> = <Zc1ﬂc |é+(,i | Zwﬁc) :|/Bc |2 +Sinh25c,

1<C) P=I(z., B,IC 2., B) P =I B, I

Do nén cuia bién do truc giao biexciton tinh dugc trong treong hop nay la
L) 4n
7)(/): ra2|-/\/'c’s;]|22 |ﬂa|
seEn)Hf2n)!f(2n+2)!
x(cos(, —2p+26,)sinhs coshs, — 17 cos[2(p -6, - 6,)]) (31)

J{r2|/\/a & i AN J(r2+sinhzs )
a ch c (e

=M (2n+)17?

3.2.5 Photon nén, exciton KHPTL
Trang thai ban dau trong trudng hop nay c6 dang

Tzlzc’ﬂc>®|ﬂa’f>l®|ﬂm>i (32)

Tur cac gia tri trung binh caa photon trong trang thai nén va exciton trong trang thai KHPTL, ta ¢c6 d nén
bién do truc giao biexciton trong trudng hop nay sau khi tinh duoc la

_ 2 an 0 |,Ba |4n+2
%_(ra A §(2n+1)!f(2n+1)!f(2n+3)!j

X (cos.(;(c —2¢+26,)sinhs_ coshs, —r’ cos[2(¢ -6, - Qa)]) (33)
o 4n+2

HEZINEE DD |4, | - (rC2+sinhzsc).
s@n+DIf(2n+2)!]

Khao sat gia tri cua 7, trong hai truong hop ¢ muc d) va e) theo huéng nén ¢ =7/2(3z/2), khi cho
6, =6, =0, I0c nay goc pha nén photon y, =0. D6 nén F, <0 khi gia tri cia bién do két hop r con bé.
Khodng gia tri am ctia do nén P, c6 dugc tuy thugc vao cac ham phi tuyén f,(n), f,(n), f,(n) va f,(n).
Gia tri cyc tiéu cia P, chinh Ia cdp do nén biexciton l6n nhét tuong ng lan luot theo cac ham
f.(n), f,(n), f,(n) va f,(n) dugc tinh bing phan mém Mathematica trong hinh 3 (a) (3 (b)) la
F,, =—0.023363(-0.023363), - 0.256192(-0.270542), —0.139244(-0.158049), —0.028747 (-0.022704)

Va gi4 tri ctia bién do két hop r trong ca hai trang thai tai cac cap d6 Ion nhét cia do nén tuong ung la
r =0.32876(0.32876), 0.37763(0.37043), 0.45521(0.42171), 0.47047 (0.39369) . Khoang gi4 tri cua bién
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do r dé xuat hign nén biexciton trong trang thai photon nén, exciton KHPTC & hinh 3 (a) lan luot theo
cac ham phi tuyén nhu trén la 0<r <0.46493, 0<r <0.51289, 0<r <0.61666, 0<r <0.66377, va trong
trang thai photon nén, exciton KHPTC ¢ hinh 3 (b) 1a 0<r <0.46493, 0<r <0.51157, 0<r <0.58497,

0<r<0.55658. Nhin vao két qua khao sat chiing ta thay rang khi dang ham f,(n) thi do nén bién thién
theo r trong hai trang thai khao sat la giéng nhau, con ddi véi cac ham f,(n), f,(n) va f,(n) co su
chénh léch vé d6 nén cuc dai va khoang gia tri r dé ton tai nén biexciton la khong dang ké.

005 A\ T @ 005t N\ / ®)
I \\ \\. I l' | ‘ \_ " N
S -0.10 | \\ \_‘\ ’l /. f,l(ﬂ) 9 -0.10 \\ \\ | .’ ﬁ(i?)
SNSLE N A— frn) & o5 \ R fo(n)
2020 \\ ,’ ----- - f3(n) -0.20 \\ ,r’ """ = f3(n) |
[ \ /I ﬁ(f?) | \ L ﬁ(}i)
025 N/ 025 \
-0.30 : =030
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
r ¥

Hinh 3: Su phu thugc cua 7, vao r=r, =r, dbi véi photon nén, exciton KHPTC (a) va photon nén, exciton
KHPTL (b), khichon 6, =6, =0, p=7/2(37/2), y, =0, cac ham khao sat f (n)=1; f,(n) =1/n+2x-1,
k=1/2,13/2, ..; f,(n)= Jn+2/(n+1)va f,(n)={1-[1/ 1+ DI

4. KET LUAN

TOm lai, chung t6i da khdo sat mot mién ning luong md ta su tuong tdc gitra cac photon, exciton va
biexciton ¢ gan gitra vung Brillouin c6 khe vung khong gian truc tiép hai bang don & mat do thap trong
chat ban dan. Vung tuong tac cho phép chuyén d6i photon va exciton thanh biexcition va nguoc lai.
Trong céc trang thai da khao sat duoc khi ban dau biexciton ¢ trang théai két hop, photon & trang thai
KHPTC (KHPTL) hozc nén, exciton ¢ trang thai KHPTC (KHPTL) thi nén biexciton s& khong ton tai khi
ham f,(n)=1. Néu ham phi tuyén st dung 1a f,(n), f,(n) va f,(n) thi luén c6 thé xuit hién nén
biexciton, trong d6 khi chon ham phi tuyén tuong tng voi ham két hop Gilmore-Perelomov thi dé nén
nhan gia tri 16n nhat. Két qua khao sat cho thay rang d6 nén phu thudc vao cac dic tinh cua biexciton, cac
tham s6 nén ciing nhu cac ham phi tuyén.
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THE EFFECT OF BIEXCITON QUADRATURE AMPLITUDE SQUEEZING OF THE
EVEN-ODD NONLINEAR COHERENT STATE IN SEMICONDUCTORS

DANG HUU DINH

Faculty of Electronics Technology, Industrial University of Ho Chi Minh City
danghuudinh@iuh.edu.vn

Abstract. This paper studies the orthogonal amplitude biexciton squeezing effect through a quantum
interaction system between photons, excitons and biexcitons in the even-odd nonlinear coherent state. On
the basis of existing squeezing criteria, we give an analytic expression for the degree orthogonal
amplitude biexciton squezing in this state. The survey results show that biexciton orthogonal amplitude
squezing occurs in the even-odd nonlinear coherent state. The degree of squeezing depends on the
properties of the biexciton, the squeezing parameters as well as the nonlinear functions. In particular,
when the nonlinear function corresponds to the Gilmore-Perelomov coherent function, the squeezing
takes the maximum value.

Keywords. The orthogonal amplitude biexciton squezing; The even-odd nonlinear coherent state.
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