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Tém tit. Bai bao nghién ctru tinh chat nén exciton ¢ trang thai két hop chan, 1¢ bang co ché thém polariton.
Qua trinh khao sat hiéu img nén dua trén co ché tao exciton nén khong can murc kich thich cao. Co ché nay
dwra vao tuong tac gitra cic chudn hat exciton, photon v&i nguyén tir tap chat hai mirc-photon trong ban dan
ving cam thang. Piém quan trong 1a ban dau nguyén tir phai ¢ trang thai kich thich, c6 nhu véy thi khi
nguyén tir chuyén tir trang thai kich thich vé trang thai co ban sé& birc xa thém photon vio hé tuong tac va
nén exciton xay ra manh hon. Exciton nén cang manh khi ma do két hop ban dau ciia photon-exciton cang
16n. Trong ca hai trang thai két hop chin va két hop 1¢ ¢6 thé thay hé s6 nén bién do truc giao khong nhiing
phu thudc vao cac tham s6 nhu: ty sd giita nang luong ctia photon véi ning lugng cua exciton; bién do két
hop, ma con phy thude vao sd lugng cac photon.

Tir khéa. Exciton; Polariton, Trang thai két hop.

1. GIOI THIEU

Trong thoi gian gﬁn day, voi sy phat trién manh mé& cua khoa hoc ky thuat da tao diéu kién cho céac nha vat
ly Iy thuyét cling nhu vat 1y thuc nghiém nghién ctru dugc thuan loi, tao ra duoc mot s6 bude tién nhay vot
trong cdc linh vie nhu cong ngh¢ thong tin, thong tin lugng ti,... Cac thang giang luong tr dé lam cho tin
hié¢u truyen di bi nhiéu, 1am giam d6 chinh x4c cuia cac phép do quang hoc va han ché chét luong truyen
tin. Dé khac phuc diéu nay nguoi ta tim cach tao ra cac trang thai vat Iy ma ¢ do thang giang dugc han ché
dén muc t6i da va sau d6 tmg dung vao thuc nghiém dé ché tao cac dung cu quang hoc dam bao tinh loc
Iwa va @0 chinh xac cao.

Tur su ra doi cua tia laser cho ta nguén btrc xa c6 cuong do dong sang 16n, do déng bo cao véi bién dd vecto
cuong do dién trudng 16n, nim 1963 R. I. Glauber [1] da dua ra khai niém vé trang thai két hop. Pay la
trang thai ing voi gid tri thang giang nho nhit suy ra tir hé thirc bit dinh Helsenberg, no6 chinh la ranh giéi
gilra trang thai cb dién va phi co dién, co thé duoc xem 1a khoi diém cho viéc xem xét khao sat cac trang
thai phi c6 dién sau nay. Trang thai phi c6 dién dau tién duoc d& cip 1a trang thai nén. Khai niém vé trang
thai nén dugc dua ra boi D. Stoler vao nam 1970 [2] va sau d6, ndm 1979 dugc N. N. Hollenhorst dat tén
(Squeezed state) [3], trong cac trang thai nén, nguoi ta co thé do dugc mot trang thai X nao do véi d chinh
xéc tuyét ddi. Tt nhién, dé khong vi pham nguyén 1y bat dinh Heisenberg thi diéu dang noi 1a sai sb trong
phép do dai lugng Y (v61'Y 1a dai luong lién hiép phuc véi X) 1a v6 cung.

Nim 1985 duoc xem 1a mot mdc vo cliing quan trong khi R. F. Slusher phat hién ra trang thai nén bang thuc
nghlem AT & T Bell bang qua trinh tron bbn song trong nguyén tir natri [4], sau d6 hiéu tng nén photon
tiép tuc dugc H. J. Kimble khang dinh bang thue nghiém vao ndm 1987 [5]. Trang thai nén khong chi ton
tai ddi voi photon ma con dbi v6i cac chuan hat khac trong vat 1y chét rdn nhu nén exciton, nén biexciton,
nén polariton, nén phonon.

Nghién ctru hiéu g nén cia exciton trong ban dan 1a hét strc can thiét, vi chinh sy tim hiéu céc trang thai
nén nay s& lam tién dé cho viéc tim ra cic phuong cach tao nén anh sang nén & ngd ra ciia ban dan dugc
kich thich quang laser. Su kham ph4 trang thai nén di mé ra phurong cdch 1am giam murc 6 nhiéu cua cic
phép do cac dai luong vat 1y theo co hoc lugng tir. Viéc van dung nhitng hiéu biét vé quang lwong tir va
quang phi tuyén & ban din dé nghién ciru hiéu (mg nén cua exciton trong ban dan kich thich quang c6 tim
quan trong chién lugc cho khoa hoc, ky thuat, h trg cho cac nha thuc nghiém trong vi¢c xac dinh cac diéu
kién can thiét dé thuc hién duogc viée tao ra anh sang nén tir moi trudng ban dan. Do d6, nén chung toi chon
dé tai “Nghién ctru tinh chét nén cua exciton & trang thai két hop chin, 1¢ bang co ché thém polariton trong
ban dan”.
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2. TRANG THAI KET HQP CHAN-LE

Trang thai két hop chin va trang thai két hop I¢ da dugc Dodonov va cong sy dua ra bang 1y thuyét 1an dau
tién vao nam 1974 va chung duoc tao ra bang thyc nghiém nam 1992 [6].

Bit dau tir biéu thic cua trang thai két hop |a) = Iﬁa ()| 0), véi toan tir dich chuyén cua 4 véi do dich
chuyén o la I:A)a () =exp[—(1/2)|a | Jexp(ad*)exp(—a ) , tir d6 thu dugc trang thai két hop chin va
trang thai két hop 1¢ theo trang thai Fock:

(M

|a>ch =Cch eXp( |a| )Zm

2n+1

|CZ>| C eXp(——| | )Z\/ﬁ

C6 thé rat ra mot sé tinh chit ciia cac trang thai két hop chin va két hop 1¢ nhu sau:
a) Cac trang thai két hop chan va két hop 1é tryc giao voi nhau

o1 B), = Ca (@G (B)oxpl— | Yexp(=3 | SIS \/(,zgmm:rl)' \/(ZZnn)'

|2n +1). )

2n|2m+1. (3)

Do (2n|2m+1)=0 nén (e |pB), =0.
b) Néu chuan ho4 cac trang thai két hop chén va két hop 1é vé don vi thi

C., =@/ 2lexp(l )/ cosh(| e [)I*;  C, =/ 2)[exp(| ex[*) / sinh(| e )} (4)
¢) Khac véi cac trang thai két hop 1a ham riéng cia &, cac trang thai két hop chian va két hop 1¢ 1a ham
riéng cua 4% ung véi cac tri riéng o’ .

. C. C
&’ |ay, =a—2 S "Ala), =a’|a),, & |a) =a—4ala),=a’|a),. ®)
| ch

d) Tap hop tat ca cac trang thai két hop chin (két hop 1¢) cling tao thanh mot hé du gidng nhu cac trang thai
két hop, nghia 1a

L 10y @l d?a = flay, (@l d?a =1 (©)
T T

3. CAC TRANG THAI NEN
3.1. Nén s6 hat - pha. Tham s6 Mandel
Tré lai voi hai bién do truc giao trong hé toa do Descartes

>2a(0)=%(a+ ay, X, (£ ) —(a

Bay gio ta xét trong hé toa do cuc, goi A=4"4 1a toan tur s6 hat va toan tr pha ¢? la hai toan tir Hermitic
thdéa man dinh nghia

a=exp(ig)i?; &" =2 exp(-ig). @
Thay (7) vao hé thirc giao hoan [4,4"]=1 s& rut ra dugc
exp(ig)iexp(-ig) —a=1; [ig,A]+ %[i(;},[igz, Afl+...=1. (8)

Ngudi ta dd chirng minh duogc rang khi trung binh s hat boson (ny =n>>1 thi hai toan tur qg va fi cling
thod man h¢ thuc giao hoan

[ig,A]=C hay [ig,A]=—iC, )
v6i C 1a sb thuc bit ky.
He¢ thirc nay chung t6 rang q; Vva A ciing thoa man hé thirc (8). Theo d6, hé thirc bat dinh cho toan tir s6
hat va pha la
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V¢Vn2%|C2|. (10)
Luu ¥ ring, ta c6 thé dé dang tinh duoc
D OF + X, (GF =+ (i
Mot trang thai dugc goi la nén so hat néu
V<21 @g.ap =2 (12

Khao sat chi tiét vé trang thai pha [7] ciing da chu:ng minh du:qc rang ¢ trang thai két hop, phuong sai cua
sdhat Vn=|a*,|Cl=LVg=(4|a|’)™, do d6 hé thirc bat dinh bing do bit dinh t5i thiéu

VnVg = %. (13)
Trang thai két hop khong nén s hat néu
Vn=laf> 1, (14)
nhung theo d6 dbi véi pha lai c6 phuong sai
1 1
_ <= 15
Vo= 4 | alf 4 (13)

nghia la trang thai két hop s& nén pha. Pé thuén tién cho viéc khao sat trang thai nén sb hat cua hé,
Mandel dua ra mét tham s6 goi 1a tham s6 Mandel

M = <(é+é)2?+j<é+é>2 ’ (16)
(a'a)

& trang thai két hop M =1, néu 14 trang thai nén sb hat thi M <1, néu khong nén sb hat thi M >1.

3.2. Nén exciton & trang thai két hop chin, 1é bing co ché thém polariton

C6 thé xem exciton 1a loai chudn hat quan trong nhét trong ban dan ving cim thing kich thich quang.
Tuong tac exciton-exciton la nguyén nhan sinh ra nhiéu hiéu tng phi tuyén 1y tha, ké ca hiéu ing nén
photon [8, 9]. Chinh cac exciton két hop cling ¢co thé tro thanh nén nho twong tac nay [10]. Tuy nhién, &
céc mirc kich thich thap cac tuong tac phi tuyen trén khong thé hién rd nét, hé photon -exciton van duy tri
trang thai két hop cua minh trong sudt thoi gian chiéu laser vao ban dan [11]. Biy gid ta s& ching to rang,
néu hé photon-exciton lién két véi moi truong da photon (multi-photon medium) thi du ¢ mirc kich thich
thap exciton ban dau ¢ trang thai két hop van c6 thé chuyén thanh trang thai nén ngay sau do [12]. o] day
can hiéu méi truong m -photon 12 méi trudng cé chira cac nguyén tir ¢6 kha nang hip thu m photon dé
chuyén mirc ning lugng tir trang thai co ban 1én trang thai kich thich hodc chuyén tir trang théi kich thich
vé trang thai co ban va birc xa photon.

a. Nén bién d§ truc giao cia exciton

Toén tir bién d¢ truc giao cua exciton trong truong hop nay la mét toan tur phu thudc thoi gian

Xa(co,t)=§[é+ (t)exp(ig) + (t) exp(-ig)] (17)

trong do ¢ 1a gbc tao boi toan tir bién do truc giao exciton )23 v6i phan thuc ctia bién do exciton.

Theo ngdn ngir polariton, ta c6 thé tinh phuwong sai cta toan tir bién do truc giao cia exciton \7Xa (p1).
Taco

VX (2.8) = (X3 (@) ~(X, (. ))", (18)
Céc toan tir boson sinh, huy hat exciton (photon) 1a &*,4, (¢*,€), &,,6, 1a cac toan tir chuan spin —1/2

dac trung cho trang thai nguyén tir. Ky hi€u todn tir sinh, huy hat va nang lugng cua polariton 1a b: , bv va
Q, voi v=12
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trong d6 v, va U, la cac s6 thuc ma biéu thirc cu thé ctia chung c6 dang
u, =1/[1+(9*/(Q,-B’)I'% v, =qu,/(Q,-E),

Q, =%[a)+ E+(—1)m/(w— E)? +4g°].

Cac h¢ sé V, va U, tuan theo diéu kién truc giao chuan hoa

voi

uv, +vu, = 5W.

Thay (19) vao
v (t) =Collla) | ao)+ ey ap)) ey ity F(L.2)| g)
=0
X[l m- j1a1> | j!a2>+| m-— J!a£>| j,aé)]},
va

w(®)=Cllla) lap)-lap) | ap) ey -it) F'(L2)|g)
j=0

x[Im—j,a) | J,ap)—Im=j,a) | J,ap)]}
voi | g) =6 _|e) 1atrang thai co ban cia nguyén tr va &, |e) =0, ta dugc

X, (@t) = %{Zvv [b; (t) exp(ip) +b, (1) exp(=ig)]}= D_v, Xy, (@.1) =V, Xy (@, ) +V, X, (,1),

voi
Xu, () =216 (Dexplig) + 5. () exp(-ig)]
Talai co
(X2(@.1)) = ([, Xy (@.1) +V, X, (00, 1))
=V (XA (@, 1)) + V3 (X5 (@1)) + 20V, (X (9,1) X, (2,1)),
(X, (@)% = Xy (@,1) +V, X, (@, 1))

q =V (X (0 1)° +V5 (X (91 + 200, (X (9D X (0,1)).
Thay cac biéu thurc trén vao (21) ta thu dugc

VX, (pt) = vavxbv (p.1) +2v,v,[( >2bl (p.1) sz (p.t)) < >2bl (p,1)X sz (@]

*Tinh (X (0,1) Xy, (@) va (X (@, )X Xy, (1))
Tir b, (t) =b, exp(-iQ,t), b, =b, (0), tacé
by (t)exp(ig) =b; expli(ep+ 201,

b, (t) exp(-ig) =D, exp[-i(p+ 2 D)].
Ta c6 thé tinh dugc

Ry, X (910 = {HeHPL-i(20+ (4 + 2IONBE,)]+ R xpli(2, 2B, Ty

(Xen (@, )Xo, (2,1)) = Rlexp[—i (0 + £2)tKD, ) IR[exp[—i (g + £2,)tKb, )]
Suy ra
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VX, (@.1) = > VX, (9,1) + iV, {R[exp[-i(20 + (€, + 2,)D)KB,)]
v (27)
+R[expli(¢2 - 2,)tKb'b,)]— 2R[exp[-i(p+ 2)tKb) IR[exp[—i(p + £2,)tKb,) ]}
biéu kién nén cia exciton 1a
V(pt) 1_ VXG0 1_,
@ 4 @ 4
Dé xac dinh dugc phuong sai ctia bién d truc giao VX, (@,1) tir do khao sat diéu kién nén néu trén, ta tinh
s6 hang VX, (¢,t). Ta co

<0.

VX, (2,8) = (X2 (@, 1)) —( Xy, (@, 1))°, (28)
voi

(X2 (o)) = %<{6: expli(p+ 2, )]+, exp[-i(p+ 2, D) = % +§{m[exp[—2i(¢+ QBT+ BB},

(Ko (@1))7 = %<{6:exp[i<¢+ Q)1 +bexp[-i(p+ Q)T

1 i ~ . ~
=4 L2Rlexp[-i(p+ O)Ib, )"} = R*[exp[-2i(p+ 2,)tKb,)’]
Thay céc gia tri vao (26) chung ta thu duoc

D 1 -~ . ~ ) ~
VX, () = S+ LB B) + Rexpl-2i(p + 2B - 2 expl-2i(p+ )G T 29)
Céc trung binh luong tir trong (27) va (29) dugc lay theo ham song (20) va (21). Ding céc gia tri trung binh
nlo) "L (—le, F); 1=,
(a,1|na,)=1 | (30)
Na ™' (-] e, ), 1<,
N "U"(—a’a)E: I>n,
(@, lna)y=1 ") "I( v e (31
e, U (—a,a)),,;  1<n,
N """ (o o I>n,
(aydIna,)y=1 " " ,( v %0y (32)
e, U7 (~)a,)y,; 1<n,
N L S G D et
(ay,1n,ay) = T ) (33)
Ny "7 (e |7);  I<n,
* 1 *
(@, lIne)=nl (-a,a)expl-2 (a, [ +la, [ -2a,a,)) (34)

trong d6 LY (a) =(n+q) 'i a)
" i (= 'ia+j)
0. Luu y rang phép chuan hoa ctia trang thai v6i ky hiéu don gian
S! W =(a,,IIma,), G W)=(a,lma),

Hy )= lIme,), Q,()=(alIma). (35)

1a da thic Laguerre tong quét bac n theo o tng véi tham s6

2 2 9 . \ 7
va EE,  =e7%; y 7, , =e 7" thibiéu thic tudng minh ciia céc gid tri trung binh d6 thu dugc nhu sau:
e Trudng hop exciton két hop, photon két hop chin

B70,) =Cidl e, [ +1a P +apa +a)'a,)e ™ +° "> F'(v,3-v)R"(v,3-v)

x[(Saoly (V) =Sa? ()8! 3= v) +(Gn T () -G (V)G B3-v) (36)
+(HailS ) = Hat ()H 3=v) + (Qu1 () - Q) ())Q) B- w1,
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070,), =C2{a e, +al ay + (e + a"ay)e ™™ +12). > FM(L2)F"(L2)

=0 1=0

><[Sm I+1(1)Sl+l(2) + Gm I+l(1)GI+1(2) + Hm I+1(1)Hl+l(2) +Qm I+l(1)QI+l(2)]}
(BB)o = Cillane, + afo) 1+ 7F) +3 3 FT(1L2) < F"(12)

=0 1=0

<SS+ GBI MG Q) + HI MH ™ (2) + QL (OQ (T)

(bq>Ch =C2{(a? +05’q)(l+e’2r )+ 12 ZZF v, 3-V)R"(v,3-v)[S™ [ (v)S, (3-V)

j=01=0
+Gp (V)G B-v)+ Hp U (H! B—v) +Qn ()Q B- )1}
e Trudng hop exciton két hop, photon ket hop 1&
07, =CHla, [ +|a F (e, + o) e, )™ +12) ZFJ-'“(V,B—V)Fl’“(v,3—v)

[(SM (1) = Sm I ()SH (B—v) — (G ()~ Gl (V)G (B—v)
—(HM ) = HM ) H] B=v) + QT2 () - QM ()Q! B-0)1},
6,y = CHale, + ey — () + o' a)e ™ + 22 3 FPL 2R M IS, ()

j=0 1=0

xS (2) -G} MG, (2 -H" ! WH (2 +Q™, MQ, (2]}
(BB, = Coleer, + )1 ) + Y3 F (LR (L 2)SE 1)

j=01=0

x§"(2) =G (MG (2) — Ho ™ (OH ™ (2) + Q™ QM (T

(%), =CH(a® + ) (1—e %) +12 ZZF (v,3-v)F"(v,3-v)[S" " (v)S/ (3-V)

j=0 1=0

~GI (MG B-1)~ H " ()R (3-1) + Qi Q! BT}

(37

(3%)

(39)

(40)

(41)

(42)

(43)

Phuong trinh (39) va phuong trinh (43) ciing dugc 4p dung cho q=0 dé thu duoc biéu thic trung binh cua
1) vi (1)y=(b%. Vi céc tich v6 huéng S! (v); G (v); H! (v) va Q! (v) da dugc tinh trong (30), (31),
(32) va (33) nén su bién thién phuong sai bién do tryc giao exciton theo thoi gian c6 thé khao sat bang dd

thi. Trong cac phép tinh sO sau day, chung ta chon tinh thé ban dan CdS dé khao sat. Theo d6 ta c6 thé thay
d6i cac tham sé khac dé tim hiéu xem hiéu ing nén bién d truc giao exciton ¢ trang thai ban dau photon

két hop chin, 1¢ bang co ché thém polariton phy thudc vao chung thé nao.

Va Va
b 05 1,0 15
10

2.0

Hinh 1: Sy phu thudc cia hé s6 nén bién do tryc giao V, vaoty s6 K =w/E dbi véi photon ban dau & trang thai

két hop chin va két hop 1¢, exciton & trang thai két hop, nguyén tir & trang thai kich thich. Cac tham s6 cua hé la:

g=1meV; E=10eV; 1, =10; r, =1, 6,=6,=0,m=1, ¢=0.
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Trén hinh 1 ta thdy rdng, khi xét sw phu thudc ctia hé sé nén bién do truc giao V, vao ty s giita ning lugng
clia photon véi ning luong ciia exciton K thi qua trinh nén chi xay ra khi K #1. Piéu d6 c6 nghia 13, khi
K =1 (ning lugng ctia photon bang nang lugng cua exciton) thi hai nhanh polariton khong dugc phan biét
rd rang do d6 trang thai nén khong xuat hién. )

Hinh 2 va 3 mo ta su phu thudc cua hé s6 nén bién do truc giao V, vao cac bién do ket hop r,; r, va thoi
gian T , hinh nay cho thdy muc d6 nén thay ddi theo bién d¢ két hop r,, I, va nén manh tai thoi diém nhit
dinh. Hai hinh trén cho thay, V, nén manh di véi trang thai két hop chan thi & trang thai két hop 1é lai
khong nén hoidc nén khong dang ké.

010  Va-1000 : 0.10
—2000

y L3
30 0.00 20 0.00

Hinh 2: Sy phy thudc cta hé s nén bién d¢ truc giao V, ddi véi photon ban dau & trang thai két hop chin va két
hop 1¢, exciton & trang thai két hop, nguyén tir & trang thai kich thich vao bién do két hop r, vathoigian T voi
K=2,r =1vacicthamsd g=1meV; E=10eV; §,=6, =0, m=1 ¢=0.

25 70.00 25 0.00

Hinh 3: Su phu thudc ctia hé sb nén bién d¢ tryc giao V, dbi v6i photon ban dau ¢ trang thai két hop chin va két
hop 1¢, exciton & trang thai két hop, nguyén tir & trang théi kich thich vao bién d¢ két hop r, vathoi gian T voi
r, =10 vacacthamsé g=1meV; E=10eV; 6, =6, =0, m=1 ¢=0.
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Va Va
o[ M T r T T r r N 2F :
‘ v
! m=3 10F N m=3
20 ’ ] 1
'. 0F :
* .
s 10 .
10+ TAT= - - 4 - ’
e, TUsal L m=2 T T T NI F=TI=rrr—rr—r =T
s . --.,.__.'- 1] S m=2
. o, .-
~ - fml
0 T o el
m=1"‘.‘ m=1  Tteeal .
-10+ "._‘ 1 -40
KHC "',“ 50F KHL
0.03 0.04 0.05 0.06 0.07 0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

000 001 002

Hinh 4: Sy phu thudc cua hé b nén bién do tryc giao V, d6i voi photon ban dAu & trang thai Kkét hop chin va két

hop 1¢, exciton & trang thai két hop, nguyén tir & trang thai kich thich voi K =2, m=1, 2, 3 va cac tham s6
g=1meV; E=10eV; 1, =10; 1. =1 6,=6. =0, ¢=0.

Va Va
20f H 20} '
1] .
1 1
15} N 15 .
., m=3 , m=3
10F N ] 10 ‘
r L)
. r
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Hinh 5: Sy phu thugc cua hé¢ sb nén bién do truc giao V, ddi véi photon ban dau & trang thai Kkét hop chén va Kkét
hop 1é, exciton & trang thai két hop, nguyén tir & trang thai kich thich vao bién d¢ kéthop r, =5, 1, =2,
m=1 2,3 vacicthamsd g=1 meV; E=10eV; 0, =6, =0; p=0.
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Hinh 6: Sy phu thugc cua hé s6 nén bién do truc giao V, dbi voi photon ban dau ¢ trang thai két hop chén va két
hop 18, exciton & trang thai két hop, nguyén tir & trang thai kich thich vao cac gié tri ciia bién do két hop r,=5;
r,=1; m=1 2,3 vacacthamsd g=1 meV; E=10 eV; 6, =6, =0; p=0.

O hinh 4; 5 va 6 biéu dién su phu thugc cta d nén bién do truc giao exciton V, vao m trong ca hai truong

hop két hop chin, 1é v6i gia tri cac tham sd: cac bién do két hop r,, I, vaty s giita ning lugng photon voi

ning luong cia exciton K thay ddi. Tir cac hinh trén c6 thé thay rang, khi m=1 thi V, nén manh nhét
trong khi, véi m=3 thi V, nén rét it hodc khong nén. O hinh 5, hi¢u img nén chi xay ra khi m=1 déi voi
trang thai két hop cl}an, con lai la khQng nén (véi m=2 thi hé photon-exciton van duy tri & trang thai k‘ét
hop). Hinh 6 cho thay, ¢ trang thai két hop 1€ v6i moi m, hiéu (mg nén xay ra trong khoang thoi gian dau
trong khi & trang thai két hop chan lai khong nén. Tur thoi diem 0.06s véi m=1, trang thai két hop chan
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bét dau nén va ta thiy hiéu tng nén & trang thai két hop 1é c¢6 ddu hiéu giam. Khi so sanh hai d6 thi 5 va 6
thi thay rang, khi bién do két hop r, giam (gilt nguyén r, ) thi hé s0 nén cla trang thai két hop chan giam
trong khi ddi voi trang thai két hop 16 ting va nguoc lai.
b. Nén so hat - pha exciton o ’ i
Mot déc?trung khac dé danh gia mirc d phi cd dién cua exciton la tham s6 Mandel M nhu da duoc de cap
& (16). O day, do cac toan tir exciton phu thudc thoi gian nén M cling vay
At A 2 A+ A 2
vy - (& Q80P - @ a0 "
(a"(maft)

R& rang miu s6 cia M (t) 14 tri trung binh s6 hat exciton, con tir s6 ctia né chinh 1a phwong sai ciia s6 hat

exciton. Vi ¢ trang thai két hop thi M =1 nén exciton dugc goi la dugc nén s6 hat hodc nén pha tuy thudc
theo thir tuy vao M <1 hoac M >1.
Trong mé hinh nay

(" (A®M)) = D VA(b'b, ) + 2v,v,R[e" A2 (b7, )], (45)
va
(@7 (8% (1)) = 2_vi(b;*0?) + vV, RIe' 2 (b’ ) + 2v,vR[e ) Kb}, by) + 4vVE (b bb,b, ). (46)
Ta d3 biét rang, & thoi diém bat ky t
([&" (HaM)T*) =(@*[a* (1)) + @ mae)), (47)
nén cac phuong trinh (43) va (44) xac dinh dugc M (t) hoan toan néu céac gia tri ky vong xuét hién trong
d6 da dugc biét. Ta sir dung [8]
m . ~ .
y(t)=la)|ay)|e) - itz ij L2 "V )by | a,)6 | €)

i=0

. (48)
=l |y &) =it F'L,2)[m—j,a) | j.a,)] 9D,
j=0
trong gidi han thoi gian ngén dé tinh cac gid tri trung binh c6 trong (44), két qua thu duoc nhu sau:
702 =, ' 2 FP (1,3 - V)R (v,3-1) x ) (3—V)[287 (V) — 4ST)2() + ST 2] (49)
j=01=0
(0%0b,) =|a, F oo, +12 Y FM(L2)x F™(L.2)S " (Q)[Sm 5 (1) - Sol. )], (50)
j=01=0
(0,%0,0) =l , P otye +1°D D FM(L2)R" (L, 2)Sm " DS/ (2) - S, ()], (51)
j=0 1=0

m

B65;6,) = Fla, [+ FI AR LDIST O - ST/ OIS @ -5/ (52)
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Hinh 7: Sy phu thudc cua tham s6 Mandel M vao thoi gian T =10*f ;t va cuong d6 tuong tac f; = ffJ V01 céc
tham s g =1(meV); E=10 (eV); r, =10; r, =1 6, =6, =0; m=1 =0,
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Thé (46), (47), (49) va (50) vao lai (43), (44) sau d6 thé két qua vao (45) va dung (45) ta s& v& duoc sy bién
thién theo thoi gian ciia hé s6 Mandel M g voi timg b tham sb khac nhau.

Theo hinh 7, cac exciton chuyén tir trang thai ban dau két hop M =1 tng véi thoi diém t =0 sang trang
thai nén sb hat M <1 khi t ting dan. Ngoai ra ching ta con thiy rang, khi cudng d6 twong tac f 5 Vatrung

binh s6 hat exciton & trang thai ban dau (y(0)|fi, . |w(0)) = rj . cang tang thi 46 nén exciton cang lon khi
t cang 16n (t>0).

4. KET LUAN

Trong qua trinh khao sat hiéu (mg nén, c6 thé thly mot co ché tao exciton nén khong can murc kich thich
cao dd duogc dua ra. Co ché nay dya vao tuong tac gitra cac chuén hat exciton, photon voi nguyén tir tap
chat hai muc photon trong ban dan ving cdm thang Diém quan trong 1a ban dau nguyén tir phai ¢ trang
thai kich thich, co nhu vay thi khi nguyén tir chuyén tir trang thai kich thich vé trang thai co ban s& birc xa
thém m photon vao hé tuong tic va nén exciton xdy ra manh hon. Exciton nén cang manh khi ma d¢ két
hop ban d4u ctia photon-exciton cang 16n. Do c6 sy thém m photon vao hé tuong tac khi nguyén tir chuyén
tir trang thai kich thich vé trang thai co ban ma trang thai két hop khi d6 dugc goi trang thai két hop "thém
polariton" trong co ché nén exciton.
Nghién ctru chi xét d6i véi photon ban dau két hop chén va két hop 1é, exciton két hop con nguyén tir &
trang thai kich thich. Trong ca hai trang thai két hop chin va két hop 1¢ c6 thé thay hé s6 nén bién do truc
giao V, khong nhiing phu thudc vao cac tham s6 nhu: ty s gitra nang lwong cua photon véi ning luong
ctia exciton K ; bién do két hop »» I ma con phu thudc vao s6 lugng cac photon m . Cu thé:

- Ty sb giita nang lugng ctia photon v&i nang luong ctia exciton K =1 thi V, hoan toan khong nén.

- Bién do két hop r, tang thi hiéu ing nén xay ra cang manh va nguoc lai. Mt khéac, khi bién do Kkét
hop r, tang thi lam cho hé s6 nén cua trang thai két hop chin c6 chidu hudng ting, con hé sb nén tng véi
trang thai két hop 1& c6 chiéu hudng giam di va nguoc lai.

- S6 m photon cang 16n thi hé s6 nén cang nho (hodc khong nén). Trén cac hinh vé tir 4 dén 6 da
cho ta thiy rd diéu do.
Khi khao sat cac d6 thi duoc v& bang phuong phép tinh s6, c6 thé thay rang hai qua trinh nén exciton trong
truong hop photon két hop chén, 1é 1a nguoc nhau. Tic 13, khi photon két hop chin nén manh thi photon
Kkét hop 1€ nén yéu hodc khong nén va nguoc lai.

LOI CAM ON

Cam on Trudng Dai hoc Cong nghiép TP. HCM va Truong THPT Quang Trung, huyén Sa Thay, tinh Kon
Tum da tao moi diéu kién danh cho hoat dong nghién ctru khoa hoc ctia ching toi.
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STUDYING THE SQUEEZING PROPERTIES OF EXCITONS IN THE EVEN AND
ODD COHERENT STATES BY THE MECHANISM OF ADDING
POLARITON IN SEMICONDUCTOR

DANG HUU DINH !, TRAN MINH PHUC?
! Faculty of Electronics Technology, Industrial University of HCM City
2Quang Trung High School, Sa Thay District, Kon Tum Province
danghuudinh@iuh.edu.vn

Abstract. This paper studies the exciton squeezing properties in the even and odd coherent states by the
mechanism of adding polariton. The process of investigating the squeezing effect is based on the squeezed
exciton mechanism that does not require a high excitation level. This mechanism is based on the interaction
between exciton, photon standards and a two-photon-level impurity atom in a straight bandgap
semiconductor. The important point is that the atom must be in an excited state initially, so that when the
atom moves from the excited state to the ground state, more photons will be emitted into the interacting
system and the exciton squeezing will be stronger. The exciton squeezing more strongly the greater the
initial coherence of the photon-exciton. In both even and odd coherent states, it can be seen that the
orthogonal amplitude squeezed coefficient depends not only on parameters such as: the ratio of the photon's
energy to the exciton's energy, coherence amplitude, but also depends on the number of photons.
Keywords. Exciton; Polariton, The squeezed state.
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