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Tém tit. Str dung md hinh héc cong huong thuc, chiing toi khao sat anh huong ctia bd chinh truong dinh
xtr 1én co ché tuong tac manh. Nguyén tir dugc dat tai tim cua mot budng cong huong hinh cau nhiéu 16p
6 dang phan b Bragg 1a mo hinh hién nay c6 thé thuc hién dugc bang thuc nghiém. Tan s6 dao dong Rabi
cling nhu diéu kién dé xuat hién co ché tuong tic manh duoc khao sat. B chinh truong dinh xir tham chi
c6 thé pha v co ché tuong tac manh. Tac dyng cua bd chinh truong dinh xir duoc tang cuong khi mét do
vat chat tang do sy truyen nang lugng truc tiép tur nguyén tur dén moi truong. Khi mat do vat chit thap
va/hodc hap thu vét chat bé, sy thay d6i ciia mat do vat chat khong 1am anh huong dang ké dén co ché tuong
tac manh, ngoai trir viéc gay ra su dich chuyen nho trong tan sb cong hudng.

Tir kh6a.B6 chinh truong dinh xr, co ché twong tac manh, budng cong hudng cau phan bd Bragg.

1. MODAU

Ta biét rang khi nguyén tir dugc dit trong moi truong vat chat, truong dién tir tac dung 1én né s& khac véi
truong dién tir vi mo thu dugc bang cach tinh trung binh trén cac 6 don vi 1an can duoc chon mét cach thich
hop [1,2]. Diéu nay cho thdy su can thiét phai tinh dén b6 chinh truong dinh xi. Trong quang hoc lugng
ttr, bai toan bd chinh truong dinh xu lién hé mat thiét vé6i qué trinh ra ty phat cia mot nguyén ti bi kich
thich. Céc hiéu tmg truong dinh xir ¢6 thé tinh dugc thong qua viéc xem nguyén tir duge dit trong mot hic
4o du nho [1,3] hodc mot hdc cau thuc [2,4-8]. O day chung toi s& sir dung 1y thuyét vi mo cho bai toan.
Trong mo hinh hdc 4o, hdc duge xem nhu 1a mot phﬁn cua moi truong. Nguoc lai, voi md hinh hdc thue,
héc duge xem nhu 14 hoan toan tréng, n6i cach khac nguyén tir dugc dat gitta mot ving chan khong bén
trong mdi trudng, véi ban kinh héc duge do bang khoang cach trung binh tir nguyén tr khach dén cac
nguyén tir tao nén moi truong bao quanh trong l4n can gan nhat.

Nhu da biét, phat xa tu phat dugc gy ra boi twong tac cong huong cua nguyén tir bi kich thich véi trudng
buee xa lién tuc. O gan vé6i tin sb chuyén mirc ciia nguyén tir, néu do rong phd cua truong lcm hon rét nhiéu
so voi cudng do tuong tac trudng-nguyén tir, cudng do nay duoc biéu dién thong qua tin sé Rabi. Khi d6
1a ty phat co thé dugc xem nhu 1a mot qua trinh bat thuan nghich, tuong tac truong-nguyén tur IUc nay duoc
goi 1a twong tac yéu. Nguoc lai néu do rong phd bire xa dii bé sao cho ¢ thé xem nhu 1a chi ¢6 mét mode
cua trudng tuong tac voi su chuyen mirc cua nguyén tir, nang luong ban dau duoc ton trit bén trong nguyén
ttr bi kich thich s& dugc truyén t6i lui gitra hai hé, trong tinh hudng nhu vy ching ta goi né 1a co ché tuong
tac manh. Trong nhiing gi dugc xem xet trude ddy tac dung cua bd chinh truong dinh xir 1én phat xa tu
phat, méi truong duge xem x¢ét 14 moi truong kh01 va duogc gia thiét 1a mo rong dén vo cung, tuo‘ng tac
truong-nguyén tir 1a tuong tac yeu Hiéu Gmg vé& kich thudc va hinh dang ctia méi truong ddi véi truong
dinh x{r trong co ché twong tac yéu cua trudng-nguyén tir ciing di duoc xem xét [5,9]. Trong tinh hudng
tuong tac yéu, mat do cac mirc trén cta nguyén tu ré theo qui luat ham mi. Trong co ché tuong tic manh,
co su xuat hién cac dao dong Rabi chan khong cia qua trinh nghich chuyén trang thai nguyén tir. Nho sy
phat trién hién nay trong dong luc hoc héc lwong tir, cac budng cong huong chét lugng cao da dugc tao ra
va g dung trong cac thiét bi phat quang va xu ly thong tin lugng tur, diéu nay cho thay can thiét phai tinh
dén hiéu tmg truong dinh xt trong co ché trong tac manh cho canghién ciru co ban 1an tmg dung thuc té.
Dé khao sat hiéu ing trudng dinh xu 18n tuong tac trudng-nguyén tir trong co ché twong tac manh, chung
toi xem xét hé gém mot nguyén tir hai mirc bi kich thich dat tai tdm ctia mot khéi cau dién méi c6 hé sb
5(60) . Khéi ciu nay duoc bao quanh boi cac guong phan xa manh, ¢6 kha ning giam nhét truong dién tir
theo ca ba phuong dam bao théa diéu kién cho twong tac manh c6 thé dién ra. Higu ting trudng dinh xt
duoc mo ta bdi viée gia st ré“lng ¢6 mot hdc thuc bao quanh nguyén tir, ban kinh héc 1a RC ,nh6 hon rat
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nhiéu so v&i bude song dic trung ciia hé. Trong tinh hudng nhu vdy hiéu ing truong dinh xit trd nén dang
ké. Pé tao diéu kién so sanh voi thuc nghiém, chung t61 xem xét mot budng cong huéng c6 dang hinh cau
duoc tao boi cac 16p dién moi c6 dang phan bd Bragg 1a dang buong cong hudng cod thé thuc hién dugc
bang thuc nghiém hién nay [10-12].

Su xuét hién cac dao dong Rabi cua nguyén trhai muc ban dau duoc gia thiét 1a & muc trén, co thé duoc
xem nhur 14 bang chimg ciia trong tic manh. Cudng dd cua bd chinh truong dinh xi cling c6 thé thay doi
bang cach thay ddi ban kinh cta hdc ciing nhu bang cach thay d6i mirc d6 hap thy cta méi truong bao
guanh. Téac dung cua b6 chinh truong dinh xr 1€n tan sd Rabi, tbe do tat dan cling nhu cac diéu kién dé dao
dong Rabi xuat hién ciing s& duoc chiing toi xem xét trong bai bao nay.

2. CAC PHUONG TRINH CO BAN

Hinh 1: M6 hinh budng cong huéng ciu nhiéu 16p dang phan bb Bragg.
Chuing t6i xem xét mdt nguyén tr hai murc trung hoa duoc dat tai vi tri T, co tan s6 chuyén muc tuong ing
ld ,, nguyén tir nay twong tac véi moi truong lién két voi truong dién tir théng qua chuyén doi dipole
dién d - Nguyén tir ban dau dugc gia thiét ¢ trong trang thai kich thich trong khi d6 méi truong lién két
v6i trudng dién tir dugc gia thiét 13 ¢ trang thai chan khong. Thong thudng mot budng cong hudng s& gitip
¢6 nhiéu vach cong hudong khac nhau, khi tin s6 chuyén mirc w, cua nguyen tir tién gan vé tan s cong
hudng @, ciia mdi trudong, cac dong gop tur cac tan s6 khac co thé khong con dang ké. Gia st rang mat do
trang thai cta truong lién két vi moi truong c6 dang phan b lorentzian tap trung quanh tan sb @,, , voi

nira o rng tai nira cuc dai 1a 0w, , khi d6 bién d¢ trang thai cua toan hé C, (t) thoa [13]

t)+[i(@, —@,)+m, |C, (t)+(£2/ 2)°C, (t)=0. @)
O day
Q=2 (w,)d0, (2)
14 tAn s Rabi,
207 - s,
F:h:ZdAImG(rA,rA,a))dA 3)

1a mat d¢ trang thai cua truong lién két voi méi truong, (rA,rA,a)) Ia tensor Green mo ta méi truong bao

guanh nguyeén tir, & day ching ta da sir dung gan ding dipole dién va gan ding séng quay. Khi W, = o, Va
ti s6 giita tan s6 dao dong Rabi va do rong vach cong hudng s& quyét dinh viéc ¢ xuat hién hay khong co
ché tuong tac manh. Néu xay ra diéu kién

2r
Q _ 2(@n) g 4)
o, o,
Khi d6 ta c6 thé quan sét thay cac dao dong Rabi va ow,, dong vai tro 1a toc do dap tit,
|CLI (t)|2 =e ™' cos®(Qt/ 2), (5)

va khi d6 hé dugc goi 1a dang trong co ché tuong tac manh. Trong gi6i han Q <« dw,,, bién do trang thai
ctia hé s& tit dan nhanh chong theo biéu thirc
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O =, ©)
lac nay ta goi hé dang & trong co ché tuong tac yéu. Khi d6 F( ) 6 ¥ nghia vat 1y 1a toc d6 ra ty phat.

Budng cong hudng ma ching t6i xem xét & ddy bao gdm mot hdc bao quanh nguyén tir, tudng cta hdc
duoc tao boi cac lop guong la cac mat cu déng tam c6 cac hé sd dién moi 1an luot 1a & (a)), i chay lan
luot tir 1 dén L bét dau tir I6p ngoai cung. Céc mit cau ndy c6 ban kinh lan luot 1a R, (j=1,2,..,L-1).
Tensor Green cuia hé ¢ thé duoc tach thanh hai phan nhu sau [13]
G(F, 1,,0)=C" (,,Fy,0)+ G (T, 0). @
Trong d6 G' 1a thanh phan mé ta phan chan khong ciia hé va G® mé ta thanh phan phan xa. D6i véi hé
ciu ddng tam va khi nguyén tir dit & tim cta hé ciu, r, =0, ching ta thu dugc [14]
J iw -
G*(F, ,F,,0)=—C " (w)]. 8
(@) =5 CL (o) ®

O day I 1a tensor don vi, chi sb N biéu thi cho cac déng gop cua chi cac song TM, 1 hé qua dén tir viée
nguyén tir dugc dit & tim khéi ciu. Thé phuong trinh (8) vao (3) ching ta thu dugc

I'(w)=1+ReC\" (), ©9)
voi T=T/T,, T,=kd2/ (3h7e,) 1a tde @0 ra trong chan khong, k, =w, / ¢,
cu—ta (10)
Tll
V6i T lama tran 2x2 dugce xac dinh boi
T=B,"'B;*....B}, (11)
1%
t  th
Bi=| | (12)
w1
o th

Trong d6 '[(NF Pyt va F(E,P)f 1an luot biéu thi cac hé s truyén va phan xa ly tdm (F) va hudng tdm (P) duoc
xé4c dinh cu thé & phan phu luc. Tensor Green tong quat chita mot tong theo n. Tuy nhién, vi nguyén tir
dugc dat tai tam cta khdi cau nén chi cac thanh phé‘m tuong ung vdi n=1 cho dong goép [13].
R rang rang bo chinh truong dinh xir chi dang ké khi mat do moi trudong du cao. Trong mé hinh cua ching
toi c6 nghia la ban kinh hoc phai rat nhé so véi bude song chuyén muic dac trung cia nguyén tir

k,R, <1.
Véi diéu kién nay ta c6 thé khai trién gan dung ham Green cho hé nhu sau [5]

GR(FA,I?A,G)A)=£{3(€_1) 1 Jr9(5—1)(45+1) 1 +[ 935/2) _]}}f

26+1 (k,R.)  5(26+1) KiRe |(26+2)

(13)

2¢+1

2
+( 3 jGBR(FA,FA,wA)+O(kARC).

O day ¢= E(a)A) 1a hé s6 dién méi ciia mdi truong bao quanh nguyén tir va GR 1a thanh phén tan xa ciia
tensor Green khong c6 hdc. Viéc phén tich nay gitip ching ta hiéu sdu hon vé tac dung cua b chinh truong

dinh xtr trong co ché twong tac manh. Méi trudng bao quanh nguyén tir c6 hé s6 dién méi duoc gia thiét co

dang Drude-Lorentz
2
a)P

8(0))=1+m.

(14)
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O déy tan s6 plasma @, ddc trung cho cuong d) twong tac gitta moi truong phan cuc va truong dién tir,
@, va y lan luot 1a vi tri va d6 rong ciia cong huong moi trudng. O ddy, trong toan bd bai bao nay, chling

t6i s& chudn héa cac tin s6 va do dai theo theo @, va A, =27c/ ;.

3. KET QUA VA THAO LUAN

Chiing t6i 1an lugt goi ban kinh hdc 14 ban kinh ctia 16p trong cing R. =R_,, véie=¢,_, VA R, =R_, la
ban kinh cta mb*pg trong cung trong mo hinh budng cong hudng c6 dang phan bb Bragg. Loai budng cong
huong nay c6 thé thyc hién duoc boi thue nghiém hién nay bang su két hop cua ky thuat khac axit va lang
dong hoi hoa hoc [10]. M6 hinh budng cong huong dang ndy giup giam nhot truong t6t cho phép quan sét
dugc hiéu ing cta bd chinh truorng dinh xtr trong co ché twong tic manh. Cu thé, budng cong huéng chira
nhiéu cip 16p guong c6 hé sb dién moi thap £, VA cao &, vaco do day mbi lop bang mot phan tu budc séng

d=— H (15)
J 1
4Re [8 i (@, )]
voi Ay =27C/ @,, o, 1a tan s tai tAm ving cim, ¢ day chung t6i chon w, 0, =0.32. bé dat diéu kién
giam nhdt tot ching t6i chon cac hé s6 dién moi cua cac 16p cb su twong phan cao &, (a)o) =2.25(silicon

dioxide) va &, (@,)=12.25(silicon cladding) giong nhu h¢ duge thye hién trong [10].

24 T T

4 L 1 L L
0 4 10
ot
24 T T T
x x X x X
(b)
19 | - .
E
r§ ML 4
9 F A
4 X L i L
8 12 16 20 24
Todng sb 16p L

Hinh 2: Ti s6 giita tan s6 dao dong Rabi theo toc do dap tit Q/ Sw, dwoc vé nhu mot ham cia hap thy vat chat
7y | @ (3), va theo tong s6 16p ctia budng cong huong, ¢b dinh 7, / @, =y, | @ =2x10" (b).Hinh nho trong
hinh (2a) biéu dién mat d trang thai ciia truong tng véi 7, / @ =107,

Két qua tinh sb biéu dién trong hinh (2) dugc st dung boi cac cong thirc chinh xéac (7), (8) va (10) -- (12)
cho ham Green. Tir hinh nho trong hinh (2a) c6 thé thiy rang chi cac cong hudng xuat hién bén trong vung

cdm quanh gia tri @,/ @, =0.31. Trong hinh (2a) ching t6i vé& ti s6 Q/ dw,, cho ciu hinh 23 16p, c6 20
16p guong véi cac hé s6 dién moi xen k& lan luot 1a & véi @ [ @, =20, w, | oy =22.3580,
7. @ =107 ,nghiala g =2.25+i107° va &, voi @ | & =20, o | @ =67.0735, dugc xac dinh boi
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biéu thirc (14) va véi y,, thay d6i. Hinh (2b) cho thdy Q/ S, tmg v&i viée ¢b dinh y,, / @ =107 va thay
d6i tong s6 16p L cuia hé, s6 16p guong 1a (L=3). Trong hinh (2a) chung t6i da chon vi tri cong hudng tai
o, | @, =0.30509, trong khi d6 & hinh (2b), khi giam s6 16p vé bang 9, cong hudng nay hoi bi dich di khoi
gia tri ban dau va tién vé gia tri @, / @, =0.305083. Mbi truong clia budng cong hudng ciing co dang
Drude-Lorentz cho béi biéu thirc (14) v&i tan sé cong huong ngang ctia mdi truong 13 w; Va @, [ 0, =2,
yl @ =2x10"*. Cudng d6 tuwong tic truong-nguyén tir A, /(2c) =10°, ban kinh héc
R./ A4 =R_,/ A, =0.004, ban kinh ciia tudng trong cling ctia budng cong huong 1a R, =R _,/ 4, =6,
co g, =¢ .

Trong hinh (2a) ti s6 Q/ dw, duwoc vé nhu mot ham ciia hip thy vat chit ciia guong dugc thyc hién bang
céch thay doi Vu - S cap 16p guong duoc c¢b dinh bang 10 cap 16p, trong [10] cac tac gia da sir dung 8 cip
16p Si/Si0,. C6 thé thay ring ti s6 Q/ dw, giam khi ting y,, , va quanh gia tri y,, / @, =4.5 c6 mot su
chuyén co ché tir twong tac manh sang tuong tic yéu. Diéu nay twong umg véi &, =12.25+i0.04 hay
n,, =3.5+i0.0058. Trong hinh (2b) ti s6 Q/ S, dwoc vé nhu mot ham ctia sd 16p guong, hip thy cia
guong duogc gia thiét 1a thip 7, / @ =y, | @, =2x107. Hinh v& cho thdy, khi s 16p guong qua thip (dit
lidu cho thay khi L=9, nghia 14 c6 3 cip 16p guong), photon phat xa ¢ thé thoat ra bén ngoai dé dang va
khong con quan sat dugc co ché tuong tac manh. Khi L>11, sy giam nhét truong di tot dé co thé thay
dugc co ché twong tac manh. Ti s6 Q/ do, ting dén gi trj bao hoa quanh gia tri L =19, nhur vay 8 cap 16p
guong Si/ Si0; 14 con s6 tdi thiéu dé co thé thu dugc co ché twong tic manh mot cach rd rang tmg véi cac
tham s0 dugc su dung trong hinh (2b).

Cho dén lc nay chung toi da gia thiét nguyén tir dugc dit trong chan khong bén trong hdc. Cau hoi dit ra
1a, dleu gi s& xay ra néu chiing ta bo di hoan toan hdc, tirc 1 bo di hoan toan hiéu tng trudng dinh xt. RS
rang rang chi c6 thé thuc hién duge diéu nay bang cach 1ap diy toan bd budng cong hudng, nghia l1a khong
¢6 phan chan khong bao quanh nguyén tir, va bo di hoan toan hip thu cta vat chat. Trong hinh (3), ching
t61 v& mat do trang thai cua truong tai mot Vglch cong hudng dac trung. Puong lién nét thép nl}ét la tng voi
truong hop budng cong huong khong cé hoc, trong khi do, dudong dit nét, duong cham cham va duong
gach cham la cho cac truong hop c6 su ton tai cua hoc. Hinh vé cho thay, trong truong hop dau tién, khong
¢6 hoc, mat dg trang thai cua truong noi chung thap hon so voi cac truong hop con lai.

0.30508927 0.30508928 0.30508929

/o1
Hinh 3: Mat do trang thai cta truong tai mot cong hudng dic trung, budng cong hudng dang phan bd Bragg véi vat
chat bao quanh c6 hé s6 dién méi & (@) cho béi biéu thire (14).Cac thamsé khac nhu trong hinh 2.

C6 thé thiy rang mot trong nhiing tac dung cua truong dinh xtr 1a 1am ting mat do trang thai cla truong
tuong Ung voi mot thira sb [3s/(2¢ +1)J2 phia truéeG§ (F,F,) trong biéu thic (13). Trong d6
ég (F , F,a)) nhu d4 néi ¢ trén, 1a thanh phan tan xa cta ham Green trong tinh hudng khong c6 héc. R3 rang
14 tir biéu thirc (13) chung ta c6 thé ndi rang mot phan dong gop ciia bo chinh truong dinh xtr dén tir s6 hang
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thir nhat & vé phai. Diéu d6 cho thiy tic dung cua bd chinh truong dinh xtr ting khi ting mat do vat chét
clia moi trudng thé hién qua viéc giam ban kinh héc.Ngoai ra tac dung ctia bd chinh truong dinh xur ciing
bi anh hudng rat manh boi cuong do tuong tac cia truong dién tir voi moi trudng déc trung bdi hé sb dién
moi cia mdi trudng. Mot hién twong khac ciing s& lam sai 1éch két qua néu chung ta loai bé hoan toan héc
d6 1a su dich tan s6 cong huong mot cach gia tao. Su dich tan sd nay cang trod nén rd rang hon khi ting ban
kinh ciia héc. Nhu thay trén hinh (2), khi c¢6 hoc tng véi R, / A, =0.001-duong dat nét, R. / A, =0.002-
dudng chdm cham, R, / A, =0.003-duong gach chdm. Pudng lién nét phia trén 1a dit liéu cia truong hop

khong c6 héc duoc nhan véi thira sb [35 /(2¢ +l)]2 dé dé dang so sanh.

4. KET LUAN

Trong khuon khé mé hinh héc thuc, chung t6i da khao sat tac dung ctia b6 chinh treong dinh x1r 1€n co ché
tuong tac manh bang cach nghién ctru hé bao gdm mét nguyén tir hai mic duge dit tai tim ciia budng cong
huong hinh cau nhiéu 16p dua trén thuc té hién nay co thé thuc hién duoc béng thuc nghiém.

Bing cach két hop giira cong thirc giai tich gin ding va céc tinh toan sb cho biéu thire chinh x4c clia ham
green, chiing t6i dd khao sat chi tiét hiéu timg truong dinh xt 1én cac dao dong Rabi, cho thy hinh dang tét
dan theo qui luat ham mii cua ti s6 giita dao dong Rabi va do rong vach cong huong.

Su anh huong cua tuong cua budng cong hudng 1én co ché tuong tac manh co thé goi y cho viéc thiét ké
hé thyc nghiém cho buong cong huong dang guong phan bd Bragg. Véi cau hinh nay chiing ta c6 thé so
sanh hai truong hop co hoc va hoan toan khong ¢ hdc, chung toi da thiy rang b chinh truong dinh xir din
téi sy dich chuyen tan s6 cong huong, su dich chuyén nay ting khi ting ban kinh hdc.

Cubi cung, diéu nay chi ra riang tac dung cua truong dinh x 1én co ché twong tac manh c6 thé quan sat
duoc néu st dung buong cong huong dang guong Bragg véi 8 cip 10p Si/SiO. Loai budng cong hudng
nay c6 thé tao ra & mot dau cua fiber quang hoc.

PHU LUC
N kf+1H +1f —k¢H Hl(f+1)
i kf+1‘:]I f+1 k ‘] H' f+1
rN kf+1‘] f+1)f k J ‘]l (f+1)f
" kf+1‘] f+1)f k J’ (f+)f Hff ,
tN _ l<f+—1_‘:lI f4+1)f H(+l)f ‘] HI (f+1)f ]
i kf ‘]' (f+)f k J H' (f+)f ,
tN _ kf+1 ‘](f+l) H* (f+)f ‘]I(f+l)f H(f+l)f:|
i kf+l‘] f+1fH'ff k J' (f+)f Hff ,

Ji = jn(zil)' H; :hrgl) Zil)’
v6i 7 :id[ziljn(zil)] H zid[zilhn(zil)]
! Zi| dZi| , ! zi| dZi|

n

trong d6 z, =k,R, k; :% & (a)) R (Z), h (Z) lan luot 14 cac ham Bessel va Hankel cau loai mét.
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THE INFLUENCE OF LOCAL-FIELD CORRECTION ON THE STRONG-
COUPLING REGIME

MINH HIEN TRAN
Faculty of Mechanical Engineering, Industrial University of Ho Chi Minh City, Ho Chi Minh City
tranminhhien@iuh.edu.vn

Abstract. Using the real-cavity model, we consider the influence of the local-field correction on the strong
atom-field coupling regime. The atom is positioned at the center of a Bragg-distributed spherical resonator
that can now be fabricated in laboratories. The Rabi oscillation frequency and the condition indicating the
occurrence of the strong-coupling regime are studied. Effects of the local-field correction may eventually
destroy the strong-coupling regime. It is also especially pronounced at high-material densities due to direct
energy transfer from the atom to medium. At lower material density and/or material absorption, variation
of material density does not to affect much the strong-coupling regime, except for a small shift in the
resonance frequency.

Keywords. Local-field correction, trong-coupling regime, Bragg-distribution spherical resonator.
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