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PIEU KHIEN HE SO HAP THU VA TAN SAC TRONG HE PHAN TU
KIM LOAI KIEM CAU HINH CHU V

Nguyén Tién Diing!
TOM TAT

Trong cong trinh nay, chung téi thiét Idp hé phwong trinh ma trdn mdt do dan ra biéu
thiee giai tich ciia hé s6 hd'p thu va hé sé tan sdc ciia hé phan tir kim logi kiém déi véi mot
; laser c6 cuong do yéu (chim do) dwdi sw cam ung cua chum laser cé cuong do manh
K diéu khién). Cdc hé s6 nay cé thé diéu khién dwge theo cdc théng sé ciia truong laser

fiéu khién.
Tir khéa: Trong suét cam vmg dién tir, phén tie kim logi kiém.

1. PAT VAN BE

Hép thu va tan séc 13 hai tham s6 co ban die trung cho céc tinh chat quang hoc ciia
0i trudng. Trong 1an cin mién phd cong hudng, bién do cua céc hé sé nay thay di manh
€0 tan s va quy luat thay d6i dugc quy dinh bai dic trung cAu tric cua céc nguyén tir,
n fir trong moi truong. Tuy nhién, su ra doi cia dnh sang laser thi tinh chit quang hoc
a cac nguyén tir c6 thé dugc thay ddi mot cach “cé didu khién”. Tiéu biéu cho diéu nay la
- 0 hidu (g trong sudt cam g dién tir (Electromagnetically Induced Transparency viét
2IT). Pay la hiéu (mg dwoc dé xuit vao nim 1989 [8] va kiém chirng thuc nghiém vao
1991 [6] boi nhém nghién ciru & Stanford. Hiéu tng nay 1a két qua sy giao thoa giita
d6 xac sudt cia cac kénh dich chuyén trong nguyén tir du6i su kich thich két hop
6t hodc nhiéu truong dién tir din dén sy trong sudt cia moi trudng ddi véi mot chum
g hoc nao do.
__Biéu khién su ha‘ip thu va tan sic dya trén hiéu {mg trong sudt cam ung dién tir hién
dugc chti y nghién ciru trén ca hai phuong dién 1y thuyét va thuc nghiém dbi véi cac
tir, phan tir khic nhau béi c6 nhiéu trién vong tmg dung. Tiéu biéu 14 tao cac bd
» mach quang hoc [3], 1am cham van tbc nhém cta 4nh séng [7], ting hiéu sudt cac
nh quang phi tuyén [4]. Dic biét, s ra doi ciia cc ky thuat 1am lanh nguyén tir bang
ong thoi gian gan ddy da tao ra cac hé nguyén tir lanh ma & d6 cac va cham din dén
 dbi pha gifra céc trang thai lugng tir ctia dién tir c6 thé dugc bo qua. Cac nha khoa
¥ vong diéu nay s& tao mot bude dot pha trong img dung vao ché tao cac thiét bi quang
26 d6 nhay cao. Dé dat duge muc dich nay, viéc mo ta chinh xac hé $6 hép thu va hé
1a rat quan trong.
jan day hiéu (mg EIT cho hé phan tir & dugc nghién ctru trén ca phwong dién ly
thuc nghiém nhu Li; [1], Csz [8] va gﬁn day nhat la cong trinh cua A. Lazoudis va

én Vién Ky thugt va Cong nghé, Truong Pai hoc Vinh
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cong su da nghién ctru hién twong EIT trong c4u hinh 3 mirc nang lwong loai V & trang thai
mé cta phan tir Nas [2]. Trong cong trinh ndy, tac gia bing thuc nghiém di quan sat do sau
cua cira s EIT trong phan tir Nao. Pé giai thich thuc nghiém, A. Lazoudis va cong sy da sir
dung céc hinh thirc ma trdn mat d6, phuong phap nhiéu loan va vé& cong tua hip thy véi
truomg do cho ca hai hé m& va dong ctia phan tir Nay, tir 6 cho thdy sw phu hop gitta thuc
nghiém v6i 1y thuyét. Cac két qua nghién ciru Iy thuyét méi dimng lai & dang s6, chua c6 birc
tranh v& thay déi lién tuc phd EIT theo cac tham sé diéu khién din dén han ché trong mot s6
(g dung. Dé khic phuc vén dé nay, chiing t6i dé xuat sir dung phuong phap giai tich dé xac
dinh hé s hap thu va hé sb tén sic cho cdu hinh chit V cho phan tir kim loai kiém. Theo do,
diéu kién cuong dé chim laser do yéu so voi chim laser diéu khién duoc dua vao dé don
gian héa qua trinh giai hé phuong trinh ma trdn mat do cua hé phan tir kim loai kiém.

2. NOI DUNG

2.1. Dén ra hé s6 hip thu va hé s6 tan sic

So dd céu hinh chit V ba mirc ciia phan tir kim loai kiém dugc trinh bay nhu trén
hinh 1 [2]. Mot trudng do yéu véi tan sé @, = @, va 4o léch tan A, = @, — @, tao su dich
chuyén |2) — |1), trudng diéu khién manh ¢6 tAn s @, =, va d¢ léch tan A, = @, - @,
tao sy dich chuyén |2) — [3), cdc phan tir chiém céc mirc nang lwgng kich thich [1) va |3)
¢6 thé bi kich thich manh theo cac cach khac nhau dé xudng & trang thai co ban mic |2> .G
day W; 1a toc d¢ phat xa tu phat ctia mirc |1> dén mirc | J ) , Wi 1a toc d6 phén ra ty nhién ciia
mire|i) . Téc d0 phan ra cia trang thai co ban mirc |2) 1a khong déng ké. Céc tan sb Rabi ciia
céc trueong do va lién két duoc ky hiéu twong tng Q , = dEy/ i va Q. =dnEJ/ A ; wi 1a toe
d¢ tich thoat ctia cac phan tir ¢ cac mirc do cac nguyén nhan khac nhau [9].

Hinh 1. CAu hinh Iy thuyét chi¥ V cho phan tir hai nguyén tir

Dudi tac dung cta céc truong quang hoc, sy tién trién cac trang thai lugng tir cta hé
nguyén tir ¢6 thé dugc mé ta qua ma tran mat d6 p theo phuong trinh Liouville [9] (& day,
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chiing ta xem xét cac chuyén dong cuia cac phan tir 1a bé so v6i do 1éch cua trudng va bo qua
hiéu g Doppler).

TN

He phan tir xét trong bai toan nay c6 3 mirc nén phuong trinh (1) 1a mét hé gdm 3x3=9
phuong trinh cho cac phan tir ma tran mat do pi. Tuy nhién, vi chi quan tim dén phan tir ma
tran img voi dich chuyén tao boi chim do nén ta chi can viét 6 phuong trinh cho cdc phan
tir ma trdn mat d6 lién quan dén dich chuyén giira trang théi [1) vi bén trang thai con lai.
Trong gan dung song quay va gan dung ludng cuc dién, bo qua cic bién dbi trung gian, hé
6 phuong nay c6 thé dua dugc vé dang:

P =1Q,(p, =~ po)—W py, (22)
P =1Q (P — pp) —di P, +12. P (2b)
Pi3 =iQ.py, —dy i3 —1Q, Py (20)
Pz =12, (P = o) + 1Py = Pi2) + Wi s+ Wias =W, = 5) 2d)
Pay =i, P13 +1Qc(Py, — Py3) — s i3 ' (2¢)
Py ==1Q (P = P32) — W5 pyy 26

voi d, =iA, + 1!, dy =iA,— A+ 1y’ ,ds =—iA.+ 1,3, d, biéu thi lién hop phirc
cia di, W/=W,+ w, va 5/ = y;+ w,. Trong d6 W, téc d6 phan rad mic i, W, la toc do
phét xa tw phat gitta mirc i va j, pf 1a mat do mirc i & trang thai can bang nhiét, y; 1a téc do
phén ra d6 cu tra gitta mic i va j.

Gia thiét ring hai truong laser 14 hoat dong & ché do lién tyc nén chi sau mot khoéng
thoi gian rat ngan thi diéu kién dimg duoc thiét 1ap (dao ham cua cée phén tir ma tran pix s&
triét tiéu). Pdng thoi, cong suat ctia chum laser do duge chon 1a rat bé (cong sudt ¢ pW) so
v6i cong suit chum laser didu khién (cong suit c& mW) nén d¢ cu trli ciia nguyén tir & cac
trang théi kich thich s& nhé hon rit nhiéu so véi trang thai co ban |2> , khi d6 p,, =1. Gidi
hé cac phuong trinh (2a) - (2f) dong thoi st dung céc gia thiét nay ta tim duoc:
Py = I(QpQ: _de2d3) e K+IL

2 Qd +ddE  P+iQ
Véi K 2 Qp I:Ac}’llB = 7123 (Ap _Ac ):|
L =Qp|:(Ap _AC)AC _Qi —y:3y33:|

P =}/;3ch 5 [(Ap' Ac)Ac+71’37£3:|'Ap [7123 (Ap' Ac)_Ac}"ls:I

3
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Q o Ap[(Ap a3 Ac)Ac B 7/:3}/;3]-*-7![2 (Ap},;E) _Ac}/;B _Ac}/ll3)_Ac‘ch
Mat khéc, d6 cam ciia nguyén tir d6i voi chum laser do lién hé p2; theo biéu thic [9]:
d21

&k

P

r=-2 = gtvip’ )
v6i N 1a mét d6 phan tir, con & 1a hing s dién méi ctia chan khéng.

Dé xéc dinh cc biéu thirc cta hé sb hip thu a ciia mdi truong phan tir hai nguyén tir
d6i véi chum do, ta sir dung phén 4o cia do cam tuyén tinh (hodc p12) & (3), ta c6 hé s6 hép
thu va hé sd tén sac d6i véi chum do:

g o NS, LPRO

a
e c hgQ, PP+0° )

2Nd>*.
n=1+lZ'=1+_‘J£LI:.+—Kg) (6)
heQ, P +Q
2.2. Piéu khién hé s6 hdp thu va hé s6 tan sic

Céc biéu thirc (5) va (6) cho théy hé s6 hp thu va hé sb tan séc phu thudc vao cudng
d9 va o 1éch tan s6 ctia chiim laser diéu khién. Su phu thudc nay dugc khao sat theo phuong
phap dd thi. D& khao st hé s6 hdp thu a ta chon céc thong s& khong thay ddi [2]:
c=3.10'm/s , h=1,05.10"1s , 7, =y}, =73, =81MHz , s6 phan tit N =10" phan

ti'em®, £, =8,85.10"F /m.

2.2.1. Diéu khién theo cuong do truong

1

a [arbitrary units |
[ - T - N - B - I Y - O - I - A

Hinh 2. Pd thi ba chiéu ciia hé s6 hép thu o theo Ap va Qc véi Ac =0 MHz
Tir hinh 2 cho Q, tang din cuong d6 ctia chum diéu khién thi hé s6 hap thu clia moi

truong voi chum do giam dén & vi tri Ap = 0 (hinh 3a,b). Do tbc d6 phan ra 16n nén khi gia
tri Q, c& 30 MHz dén 35 MHz thi bét d4u xuét hién cya sé EIT. Tam ctia cira s6 trong suot
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= 0 tirc 1a khi d6 tin s6 cta chum do cong hudng voi tan s6 chuyén mirc
 tye tang Q_ cira s6 EIT tang dan d6 sau so voi d¢ hap thu cuc va dat dén do
khi Qc = 75 MHz( hinh 3d).

Q=0 os Q,=25 [MHz]
07
2 o5
=
'_g 03
'; 02
~200 o 200 400 600 -600 400 200 o 200 400 600
As [MHz b) Ap [MHZ]
Q.= 50 [MHz] - T
04
2
§ o3
.'E 02
=
LB
= -200 o 200 400 600 ~600 -400 ~-200 o 200 400 600
Ap [MHz d) Ap [MHz

~ Hinh 3. Db thi 2 chiéu ciia a khi Qc ¢é céc gi tri khac nhau

diéu khién theo do léch tan sé

units |

a [arbi

thi 3 chiéu ciia hé s6 hap thu o theo tin s6 ciia chim diéu khién A, va A,
véi Qp =1 MHz, Q¢ =70 MHz
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CONTROLLING ABSORPTION AND DISPERSION COEFFICIENT IN
AV SCHEME OF THE ALKALI-METAL DIATOMIC MOLECULES

Nguyen Tien Dung
ABSTRACT

In this word, we set up a system of density matrix equations leading an analytical

expression of absorption and dispersion coefficient for alkali metal molecule system for a
weak probe laser beam under the induction of a strong coupling laser beam. These
coefficients could be controlled by the frequency detuning and intensity of the coupling laser.

Keywords: Electromagnetically induced transparency, alkali-metal molecule.
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