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Xac dinh hé s6 hap thu trong hé phan ti
kim loai kiém cau hinh chit V

Determining absorption coefficients in a V scheme
of the alkali-metal diatomic molecules

TS. Nguyén Tién Diing,
Truong Pai hoc Vinh

Nguyen Tien Dung, Ph.D.,
Vinh University

tit
ng cong trinh nay, chung t6i thiét lap h¢ phuong trinh ma trdn mat d¢ dan ra bleu thirc giai tich cua

6 hap thu cia hé phan tir kim loai kiém dbi véi mot chum laser c6 cudng d6 yéu (chum do) duéi sy
tmg ctia chim laser ¢6 cudng d6 manh (chim diéu khién).

W khéa: hi¢u img trong sudt cam img dién tir, phan tir kim logi kiém.
act

this paper, we formulate analytical expressions for absorption coefficient of alkali-metal diatomic
olecules for a weak probe laser beam induced by a strong coupling laser beam.

pwords: electromagnetically induced transparency, alkali-metal diatomic molecules.

1. Gi6i thiéu duge dé xuat vao nam 1989 [1] va kiém
Hap thy va tan séc 1a hai tham s co  ching thyc nghiém vao nim 1991 [2] bdi
an dic trung cho cic tinh chit quang hoc  nhém nghién ctru ¢ Stanford. Hiéu (mg nay
ga moi truong. Hai hé sb nay c6 quan hé 13 két qua cua sy giao thoa gifra cac bién do
phdn qua theo hé thitc Kramer-Kronig va  xéc suét cua cdc kénh dich chuyén trong
thuong dugc biéu dién tuwong img theo nguyén tir dudi sy kich thich két hop cua
phéan thuc va phin a0 cia do cam dién x. mot hoéc, nhiéu truong dién tir 'da?“m dén su
Trong lan can mién phé cong huong, bién  trong sudt cia moi treong doi voi mot
d6 cua cac hé sé nay thay d6i manh theo  chim quang hoc na‘lp do.

tan sb va quy ludt thay d6i duoc quy dinh Khao sat sy hap thu dya trén higu (g
i ddc trung cAu triic cua céc nguyén tr  trong sudt cam tng dién tr hién dang duoc
trong mdi truong. Tuy nhién, sy ra ddi cia  chu y nghién ciru trén ca hai phuong dién
anh sang laser thi tinh chat quang hoc cia 1y thuyet va thuc nghiém di véi cac hé
cdc nguyén tir c¢6 thé duge thay ddi mot nguyen ttr, phan tir khac nhau béi c6 nhiéu
cach “c6 diéu khién”. Tiéu biéu cho didu  trién vong tmg dung. Tiéu bidu 12 tao céc
nay 14 sy tao hiéu tmg trong sudt cam ung bd chuyen mach quang hoc [3], 1am chim
dién tor (Electromagnetically Induced van téc nhém ctia 4nh sang [4] tang hiéu
Transparency viét tat EIT). Pay 1a higu tmg  suét céc qua trinh quang phi tuyén [5]. Dic _
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biét, su ra doi cta cac k¥ thuat lam lanh
nguyén tir bing laser trong thoi gian gin
day da tao ra cac hé nguyén tir lanh (nhiét
d6 c¢& uK) ma & d6 cc va cham din dén su
bién d6i pha giita cac trang thai luong tir
cta dién tir c6 thé dugc bo qua. Cac nha
khoa hoc ky vong diéu nay s€ tao mot bude
dot pha trong tng dung vao ché tao cac
thiét bi quang tir hoc c6 do nhay cao. Dé
dat dugc myc dich nay, viéc mo ta chinh
xé4c hé sb hép thu va hé sé khic xa 1a rat
quan trong.

Gan day hiéu tmg EIT cho hé phan tir
da dugc nghién ctru trén ca phuong dién ly
thuyét va thyc nghiém nhw Li, [7], Cs; [8]
vi gin ddy nhdt 1a coéng trinh cua A.
Lazoudis va cac cong sy dd nghién clru
hién tugng EIT trong cAu hinh 3 mirc nang
luong loai V ¢ trang thai mé cua phén tir
Nay [9]. Trong cong trinh nay, cac tac gia
bang thyc nghiém da quan st do siu cua
ctra s EIT trong phan tir Na,. Dé giai thich
thuc nghiém, A. Lazoudis va cic cong su
da st dung céc hinh thirc ma trin mat do,
phuong phap nhiéu loan va v& cong tua hip
thu véi truong do cho ca hai hé mé va
déng clia phan tir Na, tir 46 cho thiy sy
phit hop t6t gitra thyc nghiém va ly thuyét.
Cac két qua nghién ctru 1y thuyét méi ding

lai ¢ dang sb, chua dua ra duge bié
giai tich dAn dén han ché trong mot s6
dung. Piéu nay da goi y cho ching t6i I
chon viéc sir dung mo hinh giai tich dé
dinh hé s6 hap thu cho cau hinh chit V cua
hé phén tr kim loai kiém.

2. Phwong trinh ma trian mat d¢ cho
hé phén tir kim loai kiém cdu hinh chir V

So d6 cau hinh chitr V ba mic cua
phan tr kim loai kiém Na, trong thue
nghiém duogc trinh bay nhu trén Hinh 1 [9].
Hé¢ phén tir Na, dugc kich thich bdi chum
do va chum lién két trong d6 |2)ky hiéu
cuia trang thi co ban X'Z;(v'=6,'=13) trang
théi c6 mirc nang lugng thip nhét, 3) ky.
higu cia trang thai A'E](v'=6,]'=13)la
trang thdi c6 mirc nang luwong cao hon va
gia thiét trang thai nay c6 thoi gian song
khd dai, |1) ky hidu cua trang thai
A'Z;(v'=7,'=13) c6 muc nang lugng
cao nhit va c6 twong tac lién két véi mire
|2). Cac dich chuyén|2) «>|3), |2) <>|1) duge
phép vi theo quy tic loc lya giira hai trang
thdi khdc nhauAJ=+1; dich chuyén
[1) <>|3) khong dugc phép vi trong cing
mot trang thai AT =0.

AR (7an =
3> Az (8.13)
Probe
Laser
Coupling
Laser
X', (0.14) 2>

Hinh 1. So' d kich thich cho cdu hinh 3 mirc chir V ciia phén tir Na, [9]
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NGUYEN TIEN DONG

V6i m6 hinh tinh toan 1y thuyét cau
chit V cho phan tir kim loai kiém
mo ta nhu Hinh 2. Mét truong do yéu
i tan sb ®, =0, va d§ léch tan

2)-1),
g diéu khién manh c6 tan s6 o, =®,
d6 léch tin A =, -0, tao su dich

=, —o, tao sy dich chuyén

én |2) —|3), cac phan tir chiém cac
néing luong kich thich |1) va |3) c6 thé
kicl} thich manh theo céc cach khac nhag
xuong ¢ trang thdi co ban murc |2). O

Dudi tac dung cua céac truong laser, sy
trién cac trang thai luong tir ciia hé

1yén tir ¢6 thé duge mod ta qua ma tran
it d6 p theo phuong trinh Liouville [6]:

i

0 day, H la toan tr Hamintonian cha
phan tir va cac trudng laser dugc xéc
theo biéu thirc (2). Trong gi6i han bai
ching ta xem céc chuyén dong cua
ic phan tir 12 nho so véi do léch cua cac
g va do d6 bo qua hiéu ung Doppler.

=102, (| 1)(2[+]2){1] +AA, |1){1]+ A,

)(3]+[3)(2) + A [3)(3| @
phan tir xét trong bai toan nay c6 3
nén phuong trinh (1) 1a mot hé gdém
= 9 phuong trinh cho cac phan tir ma
mat d§ pi. Tuy nhién, vi chi quan tdm

day Wy la tbc do phat xa tu phat cia
mt’rc|i) dén mirc| j) , W; 1a toc d6 phén ra tu
nhién cua muc|i). Téc d6 phén ra cla trang
thdi co ban mirc |2)1a khong déng ké. Cac
tan sb Rabi cua cc trudng do va lién két
dugc ky hiéu twong tmg Q, = dpEy/h va
Q. = dnEJ/A; dip va d3’2 lan luot la
moémen ludng cyc dién doi vdi cac dich
chuyén |2)<|1) va |3)>|2), Wt 1a toc 46
tich thoat ctia cac phén tir & cac murc do cac
nguyén nhan khac nhau[9].

Hinh 2. CAu hinh Iy thuyét chit V cho phan tir hai nguyén tir [9]

dén phan tr ma tran tmg véi dich chuyén
tao boi chum do nén ta chi can viét 6
phuong trinh cho cac phan tir ma trén mat
do lién quan deén dich chuyén gitta trang
thai |l) v6i hai trang thai con lai. Trong
gan ding séng quay va gan ding ludng cuc
dién, bo qua céac :bién doi trung gian, hé 6
phuong nay c6 thé dua duge vé dang:

[Pl =i, (P, —P.)-Wp,, ()
[‘.)]12 = IQp (pn _pZZ)-—dlplZ +chp13 , 3b)

[pl, =iQp,-dp,-iQp,, (o)

[p ]zz = _iQp(pIZ = p21) * ch(pzs - psz) i
\lepu T+ W32p33 - Wl(p22 ¥ p;:) (3d)

[p]zs = _iQppu + IQC (pzz ™ pas) i dspzs ,(3e)
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[b]ss = _ch(pzs _paz)_“’;pas
voi: d1 =iAp 2 o 'let )

GDH

d, =iA, —iA +7,",
d3 :_iAc i 'Yza( >
W= W,

’Yij‘ = Yij + W!

Cac phuong trinh (3a)-(3f) la hé
phuong trinh m6 ta sy phu thudc theo thoi
gian cua cac pha‘in tir ma tran mét do cho hé
phan tir kim loai kiém.

Gia thiét ring hai truong laser 1a hoat
dong o ché do lién tuc nén chi sau mét
khoang thoi gian rat ngin thi didu kién
dimg duoc thiét 14p (dao ham cia cac phén
tr ma trn pi s€ tri¢t tiéu). Dong thoi, cong
sudt ctia chum laser do dugc chon la rat bé
(cong sut c& _uW) so v6i cong sut chiim
laser didu khién (cong suét ¢ mW) nén do
cu tra cia nguyén tir ¢ cac trang thai kich
thich s& nhé hon rit nhiéu so véi trang thai
co ban |2), vi vayp,, =1va p,, =p,, =0.
Giai h¢ cac phuong trinh (3a)-(3f) dong
thoi sir dung cac gia thiét nay ta tim duge:

e I(ngf _dezds) 2 A+iB (5)
Pe=~"C¢d vddd, C+iD

voi A= Qp LACY:s _'les (Ap _AC )J
B=0Q,[(A,-A)A -Q -1, |

a [arbitrary units |
eoeonee0s -

%

Hinh 3. D4 thi ba chiéu ciia h¢ s hip thu a theo A, va Q. véi A,

C=7.Q7 +7;| (A,- A)A+yi¥a

-Ap [‘Y(ZJ (Ap- Ac) = Ac’YlIS:l

D= AJ[(A,— A)A, +7,7:]+7e

(ApY;3 _Ac'Y;3 chs) A Q y

3. Hé s6 hip thu cia méi
phan tir kim loai kiém

Theo hé¢ thic Kramer-Kronig,
th},rc va phan ao cua dcf)’ cam ljén hé tru
tiep twong umg v&i hé sO tan sdc va he
hap [1].

=2 Ny ;

2oE, Pa =% "+ix"

Hg¢ s6 hap thy o ciia méi trudng phan
kim loai kiém d6i véi chum do duoe =
dinh qua ph'?m 40 ctia do cam tuyén tinh ({
X ®, o 2Nd*, BC—AD

£ ¢ hef) C+DF

Str dung biél} thire giai tich (7) cha
ta khao sat sy hap thy cta chum do th
cudng do cia chum diéu khién Q_va
léch ctia chum do A,. Céac thong s6 khé
thay d6i trong qua trmh khao sat gom [
dugc ldy nhu saw: c=3.10°m/
§=10510"7Js, Q, =20 :

Yi: =7, =7, =81MHz, s0 phan tir N=1
phén tir/em®, g, =8,85.10™ F/m.

o=

I I ;
- ///// /5///////

=0 MHz




NGUYEN TIEN DUNG

¢ Hinh 3 chung ta thdy khi ting déan
86 ciia chum diéu khién (tic 1a ting
thi hé s6 hép thy cia mdi truong
n do giam dan & vi tri A, = 0. Do
phin rd 16n nén khi gia tri Q_cd 30
€n 35 MHz thi bat dau xuat hién
fa s0 EIT. Tam cua cira sb trong sudt
gid tri A, = 0 tirc 1a khi d6 tan s6 cla
do cong huong voi tan s chuyén
2 —>|1). Tiép tyc tingQ_, cira s6
12 dan do sau so voi do hép thu cuc
hoi diém do.
et luan
ong khuon khé 1y thuyét ban co
hiing t6i d din ra phuong trinh ma
d6 cho hé phén tir kim loai kiém
inh chir V dudi tic dung dong thoi
trudong laser do va didu khién. Sir
gan dung séng quay va gin dung
2 cuc dién, ching t6i da tim nghiém
dang giai tich cho hé s6 hap thy cla
tir kim loai kiém hai nguyén tir khi
do c6 cudong d6 bé so véi chum didu
Viéc rit ra duoc bidu thirc hé sb hép
tao diéu kién thudn lgi cho céc
€n ciru img dung sau ndy. Hé qua la
2 t01 d4 khao sat sy hép thu ctiia chum
heo cudng d6 cua chum diéu khién
@ do 16ch clia chum do A,. Két qua cho
r&ng, v6i cAu hinh chit V xuét hién
cira sd trong sudt ddi voi chum laser
D06 sau/do rong hoac vi tri cua cac cira
ay co thé thay dbi dugc bing cach thay
cudng d6 hosic do léch tin sé cua
mg laser diéu khién.
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