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ANH HUONG PO LECH TAN CUA CAC CHUM LASER
PIEU KHIEN LEN HE SO HAP THU VA TAN SAC TRONG
HE NGUYEN TU *Rb CAU HINH CHU' Y

Nguyén Tién Diing*

Tém tit: Trong cong trinh nay, ching t6i thlet lap h¢ biéu thirc gidi tich ciia hé
s6 hdp thu va hé s6 ‘tan sdc ciia hé nguyén tir “Rb cdu hinh chit Y véi mot chim
laser ¢é cuwong dg yéu (chim do) dudi sw cam vng cua hai chium laser c6 cuong do
manh (chum diéu khlen) va nghién ciru anh hwong do léch tan sé cua cdc chim
laser diéu khlen lén hé so hap thu va hé $0 tan sdc. Két qua cho thdy rang, véi cdu
hinh nay xudt hién cdc cira sé trong suét doi véi chum laser do. Pé sdu va do rong
hodc vi tri ciia cdc cira s6 nay co thé diéu khién dwoc b(ing cdach thay do léch tan so
cia cde trwong laser diéu khién.

Tur khéa: Hi¢u ting trong sudt cam ung dién ti: HE sb tan sic; Heé sb hép thu.
1. PAT VAN BE

Diéu khién sy hip thu va tan sic dwa trén hiéu tng trong sudt cam tng dién tir hién
dang dugc chu ¥ nghién ctru trén ca hai phuong dién 1y thuyét va thuc nghiém dbi voi cac
h¢ nguyén tir, phan tir khac nhau boi co nhiéu trién vong Umg dung. Tiéu biéu 14 lam chdm
vén tc nhom cia anh sang [1, 2], tao cac bd chuyén mach quang hoc [3], ting hiéu suat
cac qua trinh quang phi tuyén [4, 5]. Dic biét, su ra doi cta cac ki thuat 1am lanh nguyén
tur béng laser trong thoi gian gan day da tao ra cac hé nguyén tir lanh ma & d6 cac va cham
dan dén sy bién doi pha gilta cdc trang thai lugng tir cua dién tir co thé duoc 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 tu hoc ¢6 do nhay cao. bé dat duoc muc dich nay, viéc mo ta chinh xac hé
sO hap thu va hé so tan sic 14 rat quan trong.

Céu hinh co ban dé nghién ciru hiéu Umg trong sudt cam g dién tir la cac céu hinh 3
murc nang luong [6, 7]. Khi do, su trong suot quang hoc ¢6 thé duoc tao ra trong mién phd
rat hep (goi 1a “ctra s6”) xung quanh tan sd cong huong. bé tang kha nang Gmg dyng cua
hi¢u tmg nay, cac nha khoa hoc da chi y dén viéc tao ra nhiéu cira s6 trong sudt. Mot
phuong an di dugc dé xuat 1a dua thém cac truong laser didu khién dé kich thich thém cac
trang thai tham gia qua trinh giao thoa. Két qua tinh toan 1y thuyét ciia nhém nay mic du
phil hop tot voi cac kiém ching thuc nghiém nhung khong thuan lgi cho cac ung dung
khéc nhau do cac hé sb nay chi dugc xac dinh b'fmg s6 tai mot vai gia tri thong s6 cua
truong laser diéu khién. Trong bai bao nay, chung toi d& xuat sir dung phwong phép giai
tich da duoc ap dung cho cac hé nguyén tir 3 mirc trong cong trinh [6, 7] vao hé boén muc
cau hinh chit Y véi hai chum laser diéu khién cho hé nguyén tir **Rb. Theo d6, diéu kién
cuong d6 chum laser do yéu so véi cac chum laser diéu khién dugc dua vao dé don gian
hoa qua trinh giai hé phuong trinh ma tran mat d6 cua hé nguyén tu.

2. HE SO HAP THU VA HE SO TAN SAC

Khao sat hé nguyén tir **Rb bén mirc cdu hinh chir Y nhu hinh 1. Trang thai |l> la trang

thai co ban tuong ung v4i muc 5S;, (F=3). Cac trang thai |2> , > va |4> la cac trang
thai kich thich tuong (g v&i cac murc 5P, (F’=3), 5Ds), (F=4) va 5Ds, (F=3) [8].
Ta dua vao hé nguyén tir ba chum laser c¢6 tan sb va cudng do thich hop: chum laser do

L, c6 cuong d6 yéu E, va tan s @, di€u huéng dich chuyén tir mirc |2> - |4> va tan so

176 Nguyén Tién Diing, “Anh hwéng dé léch tin ... trong hé nguyén tir °Rb céu hinh chir ¥.”



Nghién ciru khoa hoc cong nghé

_ /’142Ep

Rabi cua chum do QP = ; hai chum laser diéu khién L, va L, kich thich nguyén
tir chuyén tr muc |1) =|2) va |2)=]3) c6 thn s6 Rabi lin luot la Q, =F2=<L va
h
_ IUSZECZ 4 A A ~ [N Ko yeo qe 2 . .
Q,= —h , trong do 1, la momen ludng cuc dién doi véi dich chuyén |l> <~ | ]>.

—_—

Hinh 1. Cdu hinh Iy thuyét chir Y cho nguyén tir Rb.
Duoi tac dung cua cac truong quang hoc, su tién trién cac trang thai lugng tir cia hé
nguyén tir ¢6 thé dugc mo ta qua ma tran mét do p theo phuong trinh Liouville [6,7].

. i
p=-—[H,p] (1)
h
Hamilton cta hé viét dudi dang ma trén:
Q.
ho, ——cL gt 0 0
2
hg;cl e*[("clt ha)z hgzzcz ei(uczt hgzzp eia),,t
H = . 2)
0 —e2 gt ho, 0
2
hQ —iw
0 -Eiepf 0 ho,
Xét sy bién thién cham, ta dit P, =pue Y, pu=ppe 7,
~ il to )t ~ i@, _ = _—i(ogte, _ = -, .
Par = Py (erv2) , Pu=Ppe " py=pe (arealt P = pye ™" . Ching ta

gia sir ban dau hé nguyén tir & mirc |2> do d6: p,, = p3; = P, =0, p,, =1 va tim nghiém
trong trang thai dung:
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dp _
dt
H¢ phan tir xét trong bai toan nay c6 4 mirc nén phuong trinh (1) 1a mot hé gbm 4x4 =16
phuong trinh cho cac phan tor ma trdn mat do py. Tuy nhién, vi chi quan tim dén phan tir ma
tran ing vé6i dich chuyén tao boi chum do nén ta chi can viét 3 phuong trinh cho cac phan tir
ma trdn mat d lién quan dai lugng can tinh. Trong gan ding song quay va gan dung ludng
cuc dién, bo qua cac bién doi trung gian, hé 3 phuong nay c6 thé dwa duoc vé dang:

A3)

o Q . e
0= 2L1 p42__pp21+[Z(A01+Ap)_741]p41 D
lQ 5 ch - ZQ . ~
0= 261 Put 2 L Py + 2" (Pas = P2) + (A, = 71)) Py *2)
lQ » ZQ ~ . A
0= 262 p42_7pp23+[l(Ap _Acz)_7/43]'043 (+3)
iQ iQ

Vi Q, << ( Q. va Q) nén ta bo qua sd hang Tp D, va T” D, trong phuong trinh
(4.1) va (4.3).

Giai hé phuong trinh (4.1) — (4.3) ta dugc:

—iQ /2
Q2 /4 Q> /4 )
Z(A + Acl) Yz — i(Ap —-A,)

,542 =

7/42—1'Ap+

Dé dang nhan théy, khi khéng co laser L, tuc 1a €2., =0 thi biéu thirc (5) tré vé cAu
hinh ba muc bac thang.
Mit khac, d6 cam ctia nguyén tir dbi véi chum laser do lién hé p,, theo biéu thirc [6]:
Nd2l ~ AP
oy P =Xt (6)

P

X =-2

véi N 1a mat o phéan tir, con g la hé’mg s6 dién moi cua chan khong.

Dé x4c dinh cac biéu thirc ctia hé s6 hap thu o va hé s tan sic n clia mdi trudng phan
tir hai nguyén tir d6i v6i chum do, ta st dung phan 4o cta do cam tuyén tinh P, 0 (6), ta
¢ hé sd tan sic

1 Ny ~
n=1+—y'=1-——2Re 7
4 Q ie, (Ps) ()

p
va hé sb hép thu ddi voi chum do:
n
2
X 0, 20,N p,,

a = = — p
c Q he,c

Im(p,,) ®)

trong d6, Im(5,,) va Re(p,,) 1a phan 4o va phan thuc cua J,, .
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3. ANH HUONG CUA PQ LECH TAN SO CUA HAI LASER DPIEU KHIEN
LEN HE SO HAP THU VA TAN SAC
3.1. Anh hwéng dd 1éch tin ciia chum laser L,

Pé khao sat anh hudng ctia do 1éch tan lén cong tua hép thu va tan sic, chung ta vé dd
thi ba chi€u hé so hap thu va tan sac theo do Iéch tan cua chum laser di€u khién L., va do
1€ch tan chum do khi ¢6 dinh tan so Rabi cua cac chum laser tai cac gia tri Q.; = 16 MHz

va Q. = 10 MHz. C6 dinh tan s6 ciia chum laser L, tai tin sd cta dich chuyén |l> > | 2> ,
tire 1 Ag; = 0. Két qua duoc thé hién trén hinh 2.
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Hinh 2. D6 thi ba chiéu ctia hé s6 hap thu (a) va tan sdc (b) theo A, va A,
khi Q., = 10MHz , Q.,= 16MHz va A.; = 0.
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Hinh 3. Do thi hai chiéu ciia hé s6 hap thu (mau do) va tan sdc (mau xanh)
tai mét sé gid tri cua A khi Q., = 10MHz , Q.,= 16MHz va A.; = 0.
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Theo hinh 2 ta the”iy r::ing, khi thay doi gia tri cia d¢ léch tan A, thi vi tri caa cia s6
trong sudt trén cong tua hip thu (hinh 2a) va vi trf cia mién tan séc thuong trén céng tua
tan sic (hinh 2b) ciing bi dich chuyén tuong tmg trén truc d6 1éch tan chum do A,. Su dich
chuyén nay thoa man didu kién cong hu’ong hai photon ddi vé6i cau hinh bac thang

Ap +A,, =0 vachtt V Ap -A,=0. Diéu nay duoc minh hoa tryc quan hon trén hinh 3.

Theo hinh 3a, khi A, = -10MHz thi cta s6 trong sudt trén cOng tua hép thu xuét hién do
sy c6 mat cua laser L., va do do, mién tan sic thuong trén cong tua tan sac bi dich chuyén
vé vitriA, = -10MHz tuong ung trén truc do 1€ch tan cham do. Theo hinh 3b, khiA, =0
thi hai cira s6 trong sudt (ma do sy c6 mét cua cua hai chum laser diéu khién) trang vao
nhau va do d6 ciing chi c6 mot mién tan sic thuong. Theo hinh 3c, khi A, = +/0MH:z thi
ctra sO trong suot trén cong tua hip thu va do d6 mién tan sic thuong trén cong tua tan sic
bi dich chuyén v& vi tri A, = +10MHz tuong ng trén tryc do 1éch tan chum do.

3.2. Anh hwéng theo do 1éch tan ctia chum laser L

Béy gio chung t6i khao sat anh huong ciia do 1éch tan chum laser L., 1én cong tua hap
thu va tan sic. Chung t6i v& do thi ba chiéu hé s6 hap thu va tan sic theo do 1éch tan cua
chum laser diéu khién L., va do léch tan chim do khi c6 dinh tin sd Rabi cta cac chum
laser tai cac gia tri Q.; = I6MHz va Q., = 10MHz va cd dinh tan s6 cia chum laser L, tai
tai d6 1éch tan A, = /0MHz. Két qua duoc thé hién trén hinh 4.

03 n_15—\
7 0.257 =) 0.1 /
T a2 & pos] A
g 0.15] é H
SR LE » 005 "
0.051 l Gle '
ol AP A 0.15] o
W < san] % < Ban)

2
fp[IMHz] ” = thp[MHz] "

Hinh 4. Po6 thi ba chiéu cia hé so hdp thu va tan sdc theo cdc do léch tan A, va A,

khi A, = 10MHz, Q.; = 16MHz va Q., = 10MHz.

Theo hinh 4 ta thiy ring, khi thay doi gia tri cua do 1éch tan A, thi vi tri cua cira s
trong su6t trén cong tua hap thu hinh 4a va vi tri cia mién tan sac thuong trén cong tua tan
sac hinh 4b cling bi dich chuyen tuong ung trén truc do 1¢éch tan chum do A,. Dé cu thé
hon chiing t6i v& db thi hai chiéu tai mot sd gla trj cua d6 1éch tan A,; nhu trén hmh 5.

Theo hinh 5a, khi A.; = -10MHz thi ctra s6 trong sudt trén cong tua hap thu xuét hién
do su c6 mat cua laser L., va do d6, mién tan sic thuong trén cong tua tan sdc bi dich
chuyén vé vi tr A, = +10MHz tuong g trén truc 4o léch tan chum do, tic 13 hai cira s6
trong sudt tring vao nhau. Theo hinh 5b, khi A = 0 thi cira s6 trong sudt, va do do, mién
tan sic thuong tuong Ung nam tai vi tri cong huong chum do. Theo hinh 5c, khi A.; =
+10MHz thi cura 80 trong subt trén cong tua hap thy, va do d6, mién tan sic thuong trén
cong tua tan séc bi dich chuyen vé vi tri A, = -10MHz tuong Ung trén tryc 4o 1éch tan
chum do.
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Ag = 10MIz A =0 Ao =+10MEz
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Hinh 5. D6 thi hai chiéu cia hé s6 hcfp thu va tan sdc tai mét s6 gid tri cua do léch tan
A khi A, = 10MHz, Q.; = 16MHz va Q., = 10MH:z.

4. KET LUAN

Trong khuon khd 1y thuyét ban c6 dién, st dung gan ding song quay va gan dung
ludng cyuc dién ching t61 da tim nghlem dudi dang giai tich cho hé s6 hap thu va hé s6 tan
sdc cho cdu hinh chit Y cta nguyén tir *Rb khi chum do c6 cudng do bé so v6i hai chum
laser cham diéu khién. Viéc rat ra duge biéu thic hé sb hép thu va hé s tan séc sé tao diéu
kién thuén lgi cho cac nghién ctru ing dung sau nay. Hé qua la chiing t6i da khao sat anh
hudng ctua do 1éch tan cua cac truong laser diéu khién 1én cac hé sb hép thu va hé sd tan
sdc duge thuc hién mot cach dé dang. Két qua cho théy réng, v&i chu hinh chit Y bén mure
nay xudt hién céc cira s6 trong sudt ddi voi chum laser do. Do sau va do rong hoac vi tri
clia cac cira sO nay c6 thé diéu khién dugc bang cach thay do 1éch tan s6 cua hai truong
laser diéu khién.

=3

n[den wi bét ki]
=
F
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ABSTRACT

EFFECTS FREQUENCY DETUNING OF COUPLING LASERS ON THE ABSORPTION
AND DISPERSION COEFFICIENT OF THE *Rb ATOM IN THE Y SCHEME

In this work, an analytical expression for absorption and dispersion of Rb atom
for a weak probe laser beam induced by a strong coupling laser beam is derived.
Absorption and dispersion coefficients can be controlled by frequency detuning of
the coupling lasers. The results show that, with this configuration, transparent
windows appear to probe the laser beam. The depth and width or position of these
windows can be controlled by the frequency detuning of the coupling lasers.

Keywords: Electromagnetically induced transparency; Dispersion coefficient; Absorption coefficient.
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