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Tom tét. Trong bai bao nay, chiing t6i nghién cttu c4c tinh chét dong luong tt thong qua mé hinh Jaynes-
Cummings (JC) hai mode, trong d6 mot nguyén tix hai mic hiéu dung twong tac véi truong & trang thai
két hop bo ba thém photon (PATCS). Céc tinh chat déng lugng tir ciia nguyén ti va truong & PATCS da
duockhao sat théng qua cac ham phan b photon, cdc ham twong quan bac hai cing mode va khac mode
va ham xac sudt tim nguyén tx ¢ trang thai kich thich trong hdc cong huong. Cac két qua khao sat da
chi ra cac tinh chat dong ctia nguyén tit va tinh phi ¢ dién cta truong ¢ PATCS. Ngoai cac yéu td anh
hwong dén cac tinh chat dong trén nhu cuong d6 treong ban dau thi vai tro cta viéc thém photon vao
cac mode ctia treong 6 PATCS la rdt quan trong khi so sanh véi truong 6 trang théi g6c ban dau la trang
thai két hop bo ba.

Tt khoa: trang thai két hop bd ba, trang thai két hop bd ba thém photon, md hinh Jaynes-Cummings
hai mode, tinh chat dong luong ti
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Abstract. In this paper, we studied the quantum dynamic properties via the two-mode Jaynes-
Cummings (JC) model where an effective two-level atom interacts with a field in a photon-added trio
coherent state (PATCS). The quantum dynamic properties of the atom and the field were investigated
via the photon distribution function, the second-order correlation function of the same and different
modes, and the probability of finding the atom in the excited state in the cavity. The results show the
dynamic properties of the atom and the non-classical ones of the field in the PATCS. In addition to the
factors that affect these dynamic properties, such as the original field strength, the role of adding photons
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to the modes of the field in the PATCS is important when compared with the field in the original state

as the trio coherent state.

Keywords: trio coherent state, photon-added trio coherent state, two-mode Jaynes-Cummings model,

quantum dynamic properties
1 Mé dau

Trong vai thap ky gan day, thong tin luong
ti va may tinh lugng t la cac linh viec méi dang
dwoc quan tam nghién ctru 6 trong nudc cling nhuwe
trén thé gidi vé ca ly thuyét 1an thwc nghiém.
Nhitng tng dung dang mong doi trong cac Iinh
viee nay nhu r6i luong tie [1], mat ma luong ti [2],
stra 16i lwong ti [3], phan bd khoa luong tir [4], vién
tai luong ti [5], dong vién tao trang thai [6] va
nhiéu tng dung khac [7] da va dang duwgc cac nha

khoa hoc nghién cttu va cong bd.

C4c trang thai phi ¢d dién don va da mode
da duoc dé xudt va tao ra ngay cang nhiéu, nhu
trang thai chan khong nén don mode [8], trang thai
chan khong nén hai mode [9], trang théi két hop
cap [10], trang thai két hop bd ba (TCS) [11] véi céc
tinh chat phi cd dién ddng mong doi nhu tinh chat
nén, tinh chat phan két chum va tinh chat dan réi
[12-14]. D€ tang cuong cac tinh chat nay, da co
nhiéu phuong phap duwgc dé xuat, trong do
phueong phap thém va bt photon vao cac trang
thdi ban dau da cho thdy su cai thién ddng ké trong
viéc tang cuong cdc tinh chat phi co dién noi trén.
Mot loat cac trang thai phi c6 dién dwgc tao ra bé“mg
viéc thém va (hodc) bét photon nhu trang thai nén
chan khoéng hai mode thém nhiéu photon [15],
trang thai két hop cap thém photon tong quat [16],
trang thai két hop cdp thém va b6t photon hai
mode [17] va trang thai két hop b ba thém photon
[18]. Trong céc trang thai phi ¢ dién nay, cac tac
gia da tap trung nghién cttu cac tinh chat phi c6
dién nhu tinh chat nén téng, tinh chat nén hiéu,
tinh chat phan két chim béc cao va tinh chat dan
rdi trong cac trang thai ding [19]. Tuy nhién, khi
nguyén ti tong tac voi trieong & cac trang thai phi

0 dién, cac tinh chat phi ¢d dién trén thay d6i theo
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thoi gian. Van dé nay cling can dugc quan tam

nghién ctru.

Jaynes-Cummings (JC) da dé xuat mé hinh
twong tac gitta nguyén ti va treong dé€ nghién ctru
cac qua trinh dong va da duoc thuc nghiém kiém
chting [20]. Cac hién teong ddng leong ti da duoc
quan sat va chi ra trong cac md hinh JC co ban,
trong dé6 mot nguyén tx hai mitc twong tac voi
truong dién tir don mode cho dén cac md hinh JC
mo rong, chfmg han nhu dao ddng Rabi, sy suy
giam va hoi phuc theo chu ky [21], tinh chét nén
[22], tinh chét phan két chum cua photon [23] va
tinh dan r6i nguyén tir — truong [1]. Trong cac md
hinh JC m¢ réng, nhiéu nghién ctru da tap trung
vao mo hinh tuong tac gitta mét nguyén ttr hai mikc
hiéu dung vdi truong hai mode [23, 24]. Day la cac
qua trinh hai photon ma nguyén tt hap thu hodc
phat xa dong thoi. Khi mé rong cho cac truong ba
mode, cic nghién ctru chi ra rang cac trang thai nay
o cac tinh chat phi c6 dién dac biét cung vodi tinh
chat dan r8i ba mode sé dan dén nhiing ky vong
trong viéc ap dung chiing vao cac hé luong tix da
thanh phan [25, 26].

Trong bai bao nay, ching t6i nghién cttu cac
tinh chat dong lugng tt ctia nguyén tr va truong
0 trang thai két hop b ba thém photon (PATCS)
trong mo6 hinh JC hai mode. Trong muc 2, ching
toi gioi thiéu mo6 hinh JC hai mode gom mot
nguyén ttt hai mitc hiéu dung twong tac voi treong
& PATCS. Muc 3 trinh bay vé toan tit mat do theo
thoi gian, cac két qua tinh toan cho ham phan bs
xac sudt tim nguyeén tr ¢ trang thai kich thich, ham
phén bo s6 photon theo thoi gian va cac ham twong
quan bac hai cing mode va khac mode theo thoi
gian. Cac két qua nay duoc dung dé thao luan vé

cac tinh chat dong hoc ctia nguyén tir theo thoi gian
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O muc 4 va cac tinh chat dong luong ti cua truong
PATCS & muc 5. Cudi cung cac két qua chinh duoc

chtng t6i két luan trong muc 6.
2 Mo hinh Jaynes—Cumming hai
mode

Trang thai két hop b ba cta treong boson

bamode a,b, ¢ dwoc xac dinh theo biéu thitc [11]

[£p.0) =2 C. ()[nmuin), (1)
n=0
trong d6|n,,n,.n)=[n+p+q) [n+g), [n) la bi€u dién

theo cac trang théi s6 hat trong khong gian Fock
cua ba mode a4, b, ¢ v6i p va g la cac sd nguyén
khong am; C,(&)=N,4(r)&"(n,!n,!n, !)71/2 lahé s6

00

Zan LIy In!)

n=_

khai trién véi N

r va £ lién hé v6i nhau qua bidu thiec & =re? | véi r
va ¢ la cac s6 thuec.

Trang thai két hop bd ba thém photon da
dugc dé xuat béi [18] cb dang nhu sau

0

|<§' p’q;h!k’|>zzcn;h,k,l (§)|na+h’nb+k’nc +|>1 )

trong d6 Cpp (&) 1ahé s6 khai trién 6 dang

Cn;h,k,l (5) = Np,q;h,k,l (r)Cn (5)
><\i"(na+h)!(nb+k)!(nc+l)! ®3)

Jn,In,In !

véi

N :ic (r)(n,+h)! (nb+k)!(nc+l)!. @

Py n,!n,'n.!
Tir (1) va (2) dé dangsuy rakhih=k=1=0
thi PATCS tré thanh TCS. Ttr (2), xac sudt tim (na+
h) photon & mode 4, (nv+ k) photon 6 mode b va (nc

+1) photon & mode c tai thoi diém ¢ =0 la
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! Tham s8

2
R.(0) =|(n, +1.n, +k.n, +h[&, p, g,k 1)
Cn;h,k,l (§)|21

véi C, (&) dachoo (3).

®)

Trong bai bao nay, ching t6i khao sat mo
hinh gobm mot nguyén tir hai muc hiéu dung teong
tac voi truong & PATCS. Nguyén t ¢6 hai mtc co
ban va kich thich dugc ky hiéu bang hai vecto lg)
va |e) ing voi cdc mitc ndng luong ws va we (xét
trong hé don vi /1 = 1). Gitta hai mtc |e> va |g>,

nguyén tir c6 mdt mic trung gian |[i), c6 ning

luong wi ma ning luong ctia ba muc |i), |e) va

g) la khac nhau. Dich chuyén gitta cAc mitc |g),
yen g

i) vagitta |i}, |e) la duoc phép, trong khi dich

chuyén gitta |g) va [e) labicdm.

Trang thai két hop bd ba thém photon tGng
v6ibamode j ={1,2,3} ¢6 cdc mitc nang luong Q,
khac nhau thoa man diéu kién o, —o, =Q, —A,

a, —

®, =Q, +A,v6i do diéu huong A # 0 la 6 diéu
huong cho qué trinh hdp thu mét photon. Khi
nguyeén tit chuyén muic ndng luong gitra hai muec
le) va |g) thi né hdp thu cung lac hai photon
mode a va mode b. Véi mot cdu hinh nhw vay thi
cac dich chuyén mot photon giita |g) va |i) va
gitta [i) va |e) mic du la duoc phép nhung
khong kha thi vi vi pham su bao toan nang lwong.
Tuy nhién, dich chuyén gitta |g> va |e> mac du
bi cdm nhung c6 thé bang cac qua trinh hai photon.
Nghia la bang cach hdp thu déng thoi mot photon
tit mode a va mot photon khac tir mode b thi
nguyén t& nhay tir mtc |g) lén muc |¢). Tuong
t, né nhay tir mtrc [e) xung mic |g) bang cach
phat xa hai photon cting lac.

Hamiltonian toan phan md ta md hinh

Jaynes-Cummings hai mode ctia hé nguyén tt-
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treong trong phép gan dang song quay va bo qua
hiéu tng Stark cé dang [26]

q zggja;a,. e (DICRENET)
+2(je)(g 9){el),

trong d6 w=0, -0, =Q,+Q, la tan s6 dao dong

(6)

48, +&'4;

ctia nguyén ti; 4 (4 ) la cac todn tir hiy (sinh)
photon mode j; A 1a hang sG tuong tac gitta nguyén
t va truong.

Vi nguyén ti hdp thu va phat xa mot cap
photon cung ltc trong hdc ly twong, chiing t6i chon
hé vecto co sé trong biéu dién “trang thai mac 40”
co dang |e,na+h,nb+k,nc+l> va
|g, n,+h+1n,+k+1,n, +|> . Ham riéng va tri riéng

tuong tng cua toan ti H duwoc xac dinh cu thé

nhu sau
|\P;>:%|e,na+h,nb+k,nc+l>
/e @)
+—|g,n,+h+Ln +k+Ln +I),
ﬁ|g b )
2o =A%Q, (8)
trong do
1
=Q,(n,+h)+Q,(n, +k)+ = o,
A =0 (1, +h)+ 2, (n, +K)+ o

Q, = lJ(na +h+1)(n, +k+1).

3 Toan tit mat do theo thoi gian

Dé mo ta su tién trién cta hé nguyén te -
treong theo thoi gian, ching t6i sit dung toan tix
mat d6 ctia hé p(t), dugc dinh nghia nhw sau [23]

A) =U(n,1) 50U " (n,1), (10)

trong do U(n,t)=e™™ 13 toan t&r unita tién hoéa
theo thoi gian va p(0) la toan tir mat do ctia hé tai

thoi diém ban dau. Néu xem nguyén tit ban dau ¢

28

trang thai t& hop |A)=s,|e)+uy|9), ‘ye‘ﬁ‘ﬂg‘z -1
va truong o trang thdi két hop bo ba thém photon
|F)=|& p.aih k1), thi p(0) duoc két hop tir hai
thanh phan ctia nguyén ti va truong nhu sau

ﬁ(O) = :bA (O) ® /aF (0)

ﬁee (O) ﬁeg (0) (11)
4AXM®FXFF{@4® %Jm}

trong do cac yéu td ma tran tai thoi diém ban dau

c6 dang

bjs (0):ZZﬂjﬂ:Cn;h,k,IC:m‘k‘, (12)
n=0 m=0
x| 0, +h,ng+k,n -+ (m +1,m+k, m +h, ],

véi j,s={e,g},j=s.

Ap dung biéu thtic toan tit H & (6), chiing toi
thu duoc dang ctia toan tr unita tién hoa theo thoi

gian

_iﬁt_(uee(nvt) Ueg(nlt)] (13)

U(n,t)=e ™=
Uge(nt) Uy (nt)
trong d6 cac yéu t6 ma tran duoc xac dinh nhu sau

1 —iAtt —iAt
Uee(n,t)zugg(n,t)za(e Aty i ) o

l —iAt —iAt
Ueg(n,t):Uge(n,t):E(e At gt )

Bi€u thttc twong minh cta toan ti ma tran
mat dd cua hé theo thoi gian p(t) thu dwogc khi
thay (11)-(14) vao (10). Tt 46, gia tri ky vong ctia
mot toan tie O(t) bat ky lién hé v6i A(t) thong
qua cong thitc
<<5(t)> :Tr[,s(t)é(oﬂ. (15)

bong thoi, d€ dua ra biéu thitc giai tich mo
ta cac tinh chat dong luong ti ctia nguyén t va
treong trong mod hinh JC, ching t6i sit dung toan
te mat do nguyén te rut gon PR (t) va toan ter mat
do trudong rat gon pF () bing cach 14y vét cua

p(t) theo cac trang théai cta truwong va theo cac
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trang thai nguyén tir mot cach twong tng véi cac
yéu t6 ma tran duoc xac dinh theo [23]

©

p]ﬁ (t) = Z<J’ na,b,c:h,k,l Ib(t)| S, na,b,c;h,k,l >' (16)
pE®=3 (iMpont |POl i Mepen ) (17)

j=te.g}
trong do | Nap.chkl >=| n,+h, n,+k, n, +|> .

DPé don gian trong qua trinh tinh sd va thao
luén, ching t6i xét nguyén tt ban dau ¢ trang thai
kich thich. Ap dung (10)—(14) vao (16) va (17),
ching t6i thu duoc cac két qua cho cac yéu t6 ma
trdn cta toan t& mat do rut gon ctia nguyén tir va

truong cu thé nhu sau

pei (t) = i<e’ na,b,c:h,k,l |/3(t)| na,b,c;h,k,l ' e>
(18)

=3P, (0)Cos* Q1)

Pon (1) = <e, Nabcihk,l |/3(t)|e, na,b,c;h,k,l>
+<g- Mabchkl |/5(t)| g, na,b,c;h,k,|> 19)
=P,(0)Cos*(Q,t)+P,,(0)Sin*(Q,_t),

trong d6 P«(0) va Qu(t) droc cho & (5) va (9).

4  Cac tinh chat dong hoc ctia nguyén
tr theo thoi gian

Cac tinh chat dong hoc ctia nguyén t theo
thoi gian dwgc mo ta thdong qua xac suat tim
nguyén ti ¢ trang thai kich thich P.(t); d6 chinh la
cac yéu t6 ma tran trén duong chéo cta toan tir mat
dd nguyén tir rut gon P (t) vacs dang cu thé nhw

sau
P00 = PL )= 2P (0)Cos' (@), 20)

v6i Pu(0) va Qu(t) duoc cho o (5) va (9). Két qua
giai tich & (20) chi ra khi cac tham s8 dwgc chon
thoa man diéu kién p =g =0 vah =k=1thi P(t) dao
dong véi chu ky m/A(n+h+1); day con dugc goi la
dao dong Rabi ciia nguyén tir. Do d6, d€ cac do thi
duoc ro rang, chung t6i thuong chon cac tham sd
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tng voi h =k =1va khao sat hai treong hop p =g =
0, p =g # 0 cho truong & TCS va PATCS trong cac
hinh vé bén dudi. Diéu nay cing phu hop véi cac
két qua da duoc cong bo trong cac tai liéu [26, 27].

Hinh 1 la d6 thi ctia ham Pe(t) theo thoi gian.
buwong nét gach do danh cho treong ¢ TCS ting véi
(h,k1) = (0,0,0); hai dwong con lai danh cho treong
& PATCS trong d6 duong nét gach cham xanh 14
(k1) = (2,2,2); duong lién nét xanh dam (hk,1l) =
(5,5,5) trén Hinh 1a khao sat cho truong hop p=g=
0, r =5 va Hinh 1b cho treong hop p = g =2, r = 20.
D6 thi trén Hinh 1 cho thay trong ca hai treong hop
TCS va PATCS, su hoi phuc dién ra déu din theo
chu ky hay P«(t) dao dong véi cung chu ky hoi phuc
va c6 gid tri trong khoang (0,1), nhung bé rong cuia
khoang hoi phuc trong treong hop PATCS 16n hon
TCS do ban chat cua phan bo Sub-Poisson. Ngoai
ra, khi ting 7, s6 dao dong trong mdi chu ky déu
tang 1én (Hinh 1b). Bén canh d6, khi s6 photon
thém vao ba mode cua trueong tang 1én thi s& dao
dong trong mdi chu ky hdi phuc ciing ting lén
nhanh. Khi p = g = 0 (Hinh 1a), sy dao dong trong
mdi chu ky c6 tinh chat ddi xtiing, nhung diéu nay
khong con dung khi p = g # 0 (Hinh 1b, dwong nét

3.0 v(a) i A A

I T N A W B T ANV N I B DL S |

- \\/J \,’J ‘\f’ \\," \\II \\J', \/

2.0
oN —==- (0.0.0)
D\:‘ _W

1.0 (2.2,2)

0.0

0 2 4 6 8 10
At

S TR Y

2.5 -~ NI A= ===Aln

ol i '.| i
S5 -==- (0.0.0)
ar 1.5

1.0 (2,2.2)

0.5 W ‘Wv WWW WW‘N — (5.5.9)

0.0 -

Hinh 1. D6 thi sw phu thudc ctia Pe(t) theo At v6i
cacthams§ (a) p=g=0,r=5;(b)p=q=2,r=20va
bo (h,k 1) twong ting voi duong nét gach do [Pe(t)+2]
la (0,0,0), duong nét gach chdm xanh la [Pe(t)+1] la
(2,2,2), duong lién nét xanh dam Pe(f) 1a (5,5,5)
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gach d0). Khi s6 photon thém vao ba mode cua
treong & PATCS cang tang thi su doi xting trong
mdi chu ky hodi phuc duoc cai thién rd rét. Didu nay
cho thdy xac sudt tim nguyén ti ¢ trang théi kich
thich Pe(t) khong chi phu thudc vao cuwong do
treong ban dau qua tham sd 7, ma con phu thudc
vao s6 photon dugc thém vao cac mode cho trueong
o0 PATCS.

5  Céc tinh chat dong lwgng ti cta
trwuong PATCS

Céc tinh chat dong luong tir cua truong &

PATCS duoc khao sat thdong qua cac ham phan bo

photon theo thoi gian Px(t), ham twong quan bac

hai cung mode gi(iz) (t) va ham tuong quan bac hai

khac mode theo thoi gian g2 (t). Ham phan bd
photon theo thoi gian Pu(t) cling chinh la cac yéu t&

ma tran trén duong chéo cuia toan tit mat do treong
rut gon p7 (t). Dua vao (19), chung t6i thu duoc
biéu thirc twong minh ctia P(t) cu thé nhu sau

P =p5H(®) o1
=P,(0)Cos* (Q,t)+ P, (0)Sin*(Q,_t),
v6i Pn(0) va Qu(t) cho & (5) va (9).
Ham twong quan béc hai cuing mode phu
thudc thoi gian c¢é dang [28]
(a2maim)-(a maw)
(& ®ao)
{40 0) )~ (A )
oy
trong do i = {1,2}, dac trung cho mode a va mode b
caa truong PATCS; ()=

0" (1) =
22)

photon cua mode i va <(Aﬁi (t))2>:<ﬁi2(t)>_<ﬁi )*1a
phwong sai ctia toan tit s6 photon theo thoi gian.
Khi phuwong sai ctia toan ttr s& photon bé hon tri
trung binh ctia n6 thi gi(iz) (t)<0.Ham gi(iz) (t) theo
thoi gian cho biét tinh chat photon ctia mode i, khi

30

&' ()4 (t) la toan tir s6

thoa man diéu kién gi(iz) (t)<0, chung ta noi rf“mg
photon c6 tinh phan két chum va nguoc lai. Tinh
chét phan két chum ctia photon la diéu dang mong
doi trong cac hé luong ti do ting dung tao ra cac
ngudn don photon ctia ching [29].

Ham twong quan bac hai khac mode theo

thoi gian gl(g) (t) c6 dang [28]

(RO, (1) - (A, ) (A, (1))
(R, (0) (1, (1)) '

9 (1) = (23)
Néu 91(5) (t) 1a dai lwong duong thi céc
photon mode 4 va mode b twong quan véi nhau;
trong khinéu g2 (t) 12 Am thi cac photon mode a
va mode b khong twong quan véi nhau.
Ap dung (10) va (15), ching t6i thu duwoc
cac két qua tri trung binh va tri trung binh binh

phuong ctia toan tt s6 photon mode i nhu sau

(A ©)=2 PO + 2P,OSin*(Q), 24)
<ﬁ1(t)ﬁ2(t)>=ipn(0) 0, +n, +1)Sin? (Qt)
’ 25)
+Y_P.(O)nn,,

(7)) = ZP(O) (2n, +1)Sin*(Q,t) ZP(O)n,,(26)

v6i Pu(0) va Qu(t) cho & (5) va (9).

Hinh 2 1a d6 thi vé sy phu thudc ctia Pa(f)
theo s photon 7 trong mdi mode va cuong do
truong ban dau r tai thoi diém ¢ # 0. D6 thi cho thdy
ham phan bd photon dao dong tuan hoan véi cac
gid tri 0 <n <20 va 0 <r<100. Dya vao do thi nay,
chtng t6i chon cac tham s6 n va r twong tng sao
cho Px(t) dat gid tri cec dai d€ khao sat tinh chat ctia
treong & PATCS theo thoi gian ciing nhw so sanh
véi treong 6 TCS trong cac d6 thi tr Hinh 2 dén
Hinh 6. Trong cac d6 thi nay, chung t6i thong nhat
biéu thi duwong nét gach do tng véi truong & TCS,
cac duong xanh 14 nét gach chdm va xanh dadm nét

lién tng véi truong 6 PATCS.
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Hinh 2. D6 thi sw phu thudc ctia Pu(t) theo n, r
khip=¢g=0

Hinh 3 la d6 thi sw phu thudc ctia Pu(t) theo
At voi cac tham s6 n =5, r=10, p = g = 2. Khi truong
0 TCS, ham phan bd photon theo thoi gian Pu(t) c6
bién do dao dong xap xi 0,2, trong khi & PATCS
bién d6 dao ddng nay xdp xi 0,4 va 0,6 tuong ting
v6i s6 photon duoc thém vao ba mode cta truong
la (1,1,1) va (3,3,3). Bén canh d6, d6 thi trén Hinh 3
con cho thay khi treong & TCS thi chu ky dao dong
cua Pu(t) khong ro rang, chu ky sau chong phu voi
chu ky treede. Tuy nhién, khi thém photon vao cac
mode ctia truong & PATCS, chuiing ta thdy ro sy dao
dong tuan hoan cta Pu(t) theo thoi gian véi su tach
biét 16 rang trong mdi chu ky, dong thoi gia tri cuc
dai cta Pu(t) cling tang lén theo su tang s6 photon

vao ba mode ctia truong.

0.00

Hinh 3. D6 thi su phu thudc cua gi(iz) (t) theo At voi

r=>5,p=¢g=0vabo (hkl) teong tng véi duwong nét
gachdo g?(t) 1a (0,0,0); duwong nét gach chdm

xanh 14 [gi(iZ) (t)+0.06J la (1,1,1); duong lién nét
xanh dém[gi(iz) (t) +0_1J ung véi (hk 1) = (3,3,3)
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Hinh 4 va 5 m6 ta su phu thudc ctia ham
tuwong quan bac hai cing mode theo thoi gian
gi(iz) (t). N6 cho biét tinh chat ctia cac photon mode
i theo thoi gian véi i = {1,2}, twong tng véi cac
mode a va b ctia treong. Trong d6, Hinh 4 dwoc vé
cho truong hop p = g = 0, nghia 1a sd photon trong

ba mode ctia truong & TCS va PATCS la nhu nhau,

nén gl(f) (t)=g g) (t) vaHinh 5 dugc vé cho truong
hop p =g #0, nghia la s& photon ¢ cac mode la khac
nhau, tng v6i Hinh 5a (5b) md ta tinh chét cac
photon mode a (b). Cac d6 thi trong Hinh 4 va Hinh

5 cho thdy ham tuong quan bac hai cling mode theo
thoi gian gi(iz) (t) ludn 4m trong moi truong hop
khi treong & TCS hay PATCS, nghia la cac photon
trong hai mode a va b déu c¢6 tinh phan két chum.
Tuy nhién, khi thém photon vao cdc mode cua
truong (duong nét gach chdm xanh 14 va duong
lién nét xanh dam) thi gia tri cia ham gi(iz) (t) ting
lén va chu ky dao dong ctia n6 cang rd rang hon.
Bén canh d¢, viéc tang cuwong do treong ban dau
thong qua tham sd r cting lam cho chu ky dao dong
caa g2 () 15 rang hon va s dao dong trong mdi
chu ky ciing tdng lén. Ngoai ra, trén Hinh 5, khi s6
photon cac mode la khac nhau thi gia tri cia ham
92 (t) (Hinh 5b) bé hon rét nhicu so véi g2 (t)
(Hinh 5a). Biéu nay cang chiing to s6 photon duoc
thém vao ba mode ctia treong PATCS va cuong do
truong ban dau c6 anh huodng 1én dén tinh chat
phan két chum cta photon cac mode trong qua
trinh chiing tuong tac véi nguyén tt trong mo hinh
JC hai mode.

1.4
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Hinh 4. D6 thi su phu thudc ctia Pu(t) theo At v6i cac
tham sd n=>5, r=10, p = g=2 vabd (I k1) twong tng voi
duwong nét gach do [Pa(t) +1,1] 1a (0,0,0); duong nét
gach chdm xanh 14 [Pa(t) + 0,6] 1a (1,1,1); duong lién nét
xanh dam Pu(t) ing voi (hk 1) = (3,3,3)

P,
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Hinh 5. D6 thi su phu thudc cua gi(iz) (t) theo At, i = {1,2} v6i cac tham s6r=10,p=q=2, (a) 91(12) t); () gg) (t) va

bd (hk 1) tuong tmg véi duong nét gach do g@(t) 1a (0,0,0); dwong nét gach chdm xanh 1a [gi(iZ) @ +0.02J la (1,1,1);

duong lién nét xanh dém[gi?)(t) +0.04J tng voi (hk1) = (3,3,3)

Hinh 6 m6 ta méi twong quan gitra hai mode
a va b qua d6 thi ham twong quan bac hai khéc
mode g2 (t) theo thoi gian. D thi cho thdy, trong
ca hai treong hop, khi treong & TCS hay PATCS
thi cac photon 6 hai mode a va b cta truong déu
tuong quan véi nhau vi ham g2 (t)luén duong.
Khi cang thém s6 photon vao ba mode ctia truong
thi gia tri cuc dai cua gl(ﬁ) (t) giam nhe, nhung sd
dao dong trong mdi chu ky tang 1én; sy dao dong
la tuan hoan, déu ddn va cé sy phan biét ro rang
gitta cac chu ky.
0.12|

n
0.10}

£ 0.08] ——- (0.0,0)

500,06 (LL1)

“-'”11M, “MHM" ”M‘W” ”'M‘ — (33.3)
0.02!

0 2 - 6 8 10
At

Hinh 6. D6 thi sy phu thudc cua gl(g) (t) theo At véi cac
tham sO p =g =2, r=10 va bd (h,k ) twong ting vdi
duong nét gach do [gg (t)+o.06] 1a (0,0,0); dudong nét

gach chdm xanh la [gl(g) (0.,.0,03} la (1,1,1); duwong lién

nét xanh dam g2 (t)1a (3,3,3)

32

6 Kétluan

Trong bai bao nay, chting t6i da khao sat cac
tinh chdt déng luwong tr cia mot nguyén tir va
truong & PATCS véi két qua la cac tinh chat nay
phu thudc vao cuong d6 truong ban dau (r), sw
chénh léch s6 photon gitra cac mode cua truong (p,
g) va sd photon thém vao ba mode ctua truong
PATCS (h, k, I). D61 v6i nguyén tie thi x4c sudt tim
nguyén tit O trang thai kich thich thé hién s dao
dong theo chu ky Rabi, nghia la c6 sy suy giam va
hoi phuc tuan hoan déu dédn. Khi ceong do truong
ban ddu tang hoac s6 photon thém vao ba mode
cua treong 6 PATCS tang lén thi s6 dao dong trong
mdi chu ky cling ting 1én. Ngoai ra, khi s6 photon
trong mdi mode khéac nhau, thi su dao dong nay
khong thé hién su d6i xting nira va chung sé duoc
cai thién khi tang s6 photon vao ba mode cta
truong & PATCS. Day chinh la diém khac biét gitta
truong o trang thai ban dau la TCS so véi PATCS.
Dai voi cac tinh chdt dong luong tk ctia treong &
PATCS, cac két qua cting cho thdy photon trong cac
mode cta treong déu thé hién tinh chat phan két
chtim theo thoi gian cling nhu sy tirong quan gitra
hai mode cua treong trong qua trinh ching twong
tac véi nguyeén tir. Khi tang thém s6 photon vao ba
mode cua trueong, gia tri ceec dai ctia ham phan bo
photon Pu(t) cang tang 1én va su dao dong ctia Pu(t)
cang tach biét rd rang trong mdi chu ky. D&i véi cac
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ham twong quan bac hai cting mode  g{? (t) va ham
teong quan bac hai khac mode gl(g) (t), chang déu
thé hién tinh phan két chium. Cac tinh chat nay déu
tuan hoan theo thoi gian twong tng véi chu ky dao
dong Rabi cia nguyén tir. Ngoai ra, g2 (t) con thé
hién sy twong quan gitta photon ¢ hai mode khac
nhau trong qua trinh tuong tac. Khi treong ¢ trang
thai gdc la TCS va PATCS, cac két qua khao sat
cting chi ra khi tdng sd photon vao cac mode cta
treong thi gid tri cua gi(iz) (t) va gl(ﬁ) (t) b tang
nhe va sy doi xting trong modi chu ky duoc cai thién
18 rét cling nhur s dao dong trong mdi chu ky cang
tang lén. Nhu vay, cic tinh chat phi cd dién khi
truong & PATCS da duoc cai thién ro rét khi so
sanh véi treong 6 TCS. Do do, viéc thém photon
vao cac mode cua truong & PATCS dem dén nhiéu
ky vong trong viéc thyc hién cac nhiém vu luong
ti nhu vién tai luong ttr trong cac hé da thanh phan
[30].
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