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The connection between the continuousness of Rabi oscillation and the discontinuity of quantum jumps has long remained one
of the conceptual difficulties since the discovery of the quantum physical paradigm. In this study, however, we demonstrate that
the behavior of the atom-field composite system gradually changes from the continuous Rabi interaction to the discontinuous
quantum jumps as the atom-field coupling strength is reduced. The reduction occurs through enlarging the quantization volume
of the mode so that the mode approaches one of the infinitely many modes of the thermal background.
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FIG. 1. The model of thermal quantum jumps in the Einstein-AB
theory. The jump rates I, and I

up vown are given by Egs. (la)
and (1b).
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FIG. 2. The stochastic evolution process in the Einstein model,
the record of which is Eq. (3).
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of thermal reservoir.

o0
®

(a)

I 1
i
4%“\ |“‘u W 1t "{ v\
L MR n'\‘l‘u!‘lﬂ L o

I
0 10 20 1000 ’000

photon number
=

photon number
=

o

%
o

(b)

3 3 @
AN T
£ J\/J ) £ ' .
Op— I I 0 — | L
0 10 20 0 100000 200000

At At

FIG. 5. The quantum trajectory of the photon number in the selected
mode. The mode is in resonance with the atom, i.c., A@)A=0.
i(@,)=1. @) K@) =10, ®) 1.0, (©) 0.1, and (d) 0.01.



82 staatalx| A3 W A%, 20129 49

A(7+1)

An
T 2
.0

E
1 5n ———

FIG. 6. The quantum trajectory of the photon number in the
selected mode. The mode is off=resonant with the atom by
A0/4=20. 7(w,)=1. (@) K. (@,)=10, ®) 1.0, (¢) 0.1, and
(d) 0.01.

Aoz wEeua o] RmE] Pgg WHT Zo] 1
oF 6ojm, 1 MejE m=o) PR of7]of Ik A
ozx rp). 1 5t AeE msoh At 2
o]aL, 1% 62 YA-HE ko] “Ful4> o] Z(detuning)”0] ¢l
Aol (@ellA ()= Aol wheh dxret o] ey w
o] Agmrt 2ok ol5 agellA ol Hiet
of, ARHFEI} ORISFEIRI-A ARt 7 Aol
Aol gt 2] dgos vehtar gick a2y &
Ed%2 ke 9 Bolzd, ZEe] Aol oA
3] Abell wste] 7P FAmeRY ol eyt
d 200" LAE dRFA <QIrcopregpofe-
SR WZol mofshs ke Hol: Jlo] ofdE 3
=3 davt gtk & $12 © o oA f1= 7= o
ofgfZ # ohF & T o off® H|:= vk Aol
of 23 ALom “9j2 Heup jump)ro] oid 9ol
I AlEE BRER oy gt s &4 7l HaL A%
gt “ole 2 H(down jump)’o] Pojuby mEo] QFRl=7} B}
U 24 He 2E & 5 gtk

S AZIS AR BelAe FEAd 2] dEel
2olch. eyt AA=s FE] oFsiAH, 2] el
ofell AL, M3 Mz mobd st Eolew A
3tk o] o] more Uxjo] Fmokge] uistel Ay
Ahe HgR WA o] kg2 A Algel vl
stol [2" (9)°llAl ()], E HlFgdol Aol uhet (2™ 590
Al 6) FolEth aejstel, 44 WA fEe mE F9 5
s Adesto] Aot doahg A o, REo] gAst A
AE EYoRN gA-uE I A4eAgtes 37 ohd 1
HEQ} Ak A&A B MES Holuh, RES] A
ChA] AE3Ee] FRE EEA O RES 94 w4 RER
HEHES B9, A HES P A& FeAg
S HEIL AR mopE S HolA ®rks Aol
Al

o

o Mo

1o (4 rlo o & |1 r
O rlo

H

thA) ek, shg ARt YriA] RE mEsTte) s
Zgo 4] UA7F mokH FhE dhrka 7S Zlol, RelE

2) ol Pheistal Baghquantum mean)] )7} ok,
A 712, 187 @ 71540l ojuls ofsjElolof .

St e mET) oA S3toA ALY mokE S
HolA sielths ARo] "t thg HollAs, o] Agd =
S} RG] HoofelEe] RIS nlEchs 1S Kol
a1, ©h mEo] wmokRS AAbste] o] A5 Fro] A
r, % 1,22 Jehths 2& ol Zo= o] g7 ¢

ApEoke] A7) Uakael e o2 ST olth

3.2. X7 datd

ARE 1014 Azfek BA BE Aolo] A FHEE ofuX]
FALO] 45 n,+12 LrERTh 68 €AY mhAe} Eofo]
olut A|Zolehi B, & The EoFo] ofid Azto]
2R ShA L, 1< 1 < 1 0] AZF elolAle] xjel m
= zbe] ¢l AlElE theat 2ol Lheheldick

o

‘WREC(I»:Ce\i(txe7nm>+Cg\i(txg3na)+1> (13)

A7N € (4) =5,.015, G, (1) =3,,01ch it= nel Al
wofo] “9)2 F B8 voldh 2 T uf 42} e9} g7t Hek
oAl 9. ()= are s, (@)]ojeta 3t w,

2 Fom, 4 @9 (1225 2A% o) Ao W
ogupgAlo] theal ol ik

d ~ 1 R ] ~

2 Cal) =5 (T, —i40)C, 1)~ i@, +1C,() - (150)
d ~ 1 AT | ~

= g‘,(t):—f(l“upﬂAa) g‘,.(t)—z‘igvk(w)‘ n,+1C,(t)  (15b)
dt 2

o[A] AlZt wollAl §1= ol WAt 2744 of Zl2o]
22 ¢ () =134 €, (0) =5, A9E A o
Al o] Al olA AlZte] g BE AREA AIZE o]l A, AT
AME €\, () = 10130 C(0) = tli, i (@n, +1 o)eta 3
G 9L, mebA] ohgel AR EORS ol B0l B B
Eo| uje- Atk 22 =Yg, off® A taolle 9= E
8ol 9 %r} Lelstol 7P ol BhEol 2 Al A
e 1 28} o] 9P - ol - 9P - ol - 5= AJo]
g Zolrk =oko o AAolA= n, o] ghol HHA] o
& Fu3 Bast Aok

g C ()=t (@)n, +1 01, C,(0)=dx,, (@)n, +1
oE, YA} MelEl mEo] ARHeRM FAH of Ao
sz R qlstol, o2 Sfofe] mero] wzol 1}
Ehtbs A O] AEAE oiH el Eofo] doljd &&




5
4
3
2, ull
g
% 2 o) J.. M ]
= Il
Iy Dudllll » o
1
o L i
0 2000 4000 6000 8000
At

FIG. 7. The quantum trajectory of the selected mode showing
jumpy behavior. Figs. 8(a) and (b) are the magnified views of
the region specified by the dotted circle here.

o ¢IAlLt gl Zlolck 2, “upjump” thgol ThA] “up-jump”
7} & % 93, “downjump” TFgol E “down-jump”7} &
Sz gl Aol ol Abde] ArelA: n, 9] Zhol s}
2, webd 19 59} 6olAjeh 2ol BAM mEO] WAl
RS op|3tt). I 509 6N, 17 =oke] 1)
o gl =e RTo| EAL vl WM WrIske HEe
& A glof ofa “HE(fuz)’ WY YHA U FepE B
o)1 9t} old g “HE L 17 5(d)e} 6(d)E A
gk U5 Ao Holx] ghg Moltk

x| EoF 7|20l x0] $lo} T-L “H|HAH] A
et Bed A, old A Zzto] F4d] B
we Zo| shye} AlEE we Abololae] ke Al
(seattering) & LHERATHS Zlojch. sl olgtol Qlejy &
74} “up-jump™i= T EORS Atolol) 3 WA EoklAq F4H
A7} AejE mEC|AR o} 7k wlEolt).
AL The moFo] Yol wlof L o H|9] o] 5ol 8
Aol AL AL HolFa Yo

a9 7 Eopd AAE HolFm Qe BEO| E shiol
w7]Qle, gow HAT FES drjsle] Uxe] W5t 3
A0l WEe 1Y 8@ belH wlmsta ek ol
ule} o], X7} 4kl “upump”S
o) WAL 7 A F7heke mLa A4 “downump’ 7
ol w W7 T AN FadHe BES HolFm gk,

o)A e AL TRt “Uolipr] WE mobso] wa
B2 AN Aolth. oA 37] $iste] BaEH [27]9]
A 1V Dol 2708 WS ARgFTh WA 4] (150) @ (15b)
o] eEugAe

S = rnlCf el A T(C,C) a6
%@- T=-r,C,f + 2r, (@), +11m(C,C),) (16b)

- 77)4] 83

5072 5074 5076 5078
At

|

FIG. 8. Thicker line represents the photon number, while the

il N

5228 5230 5232 52347 5236
At

jumpy signal between 0 and 1 is the atomic trajectory. The arrows
designate the directions of the jumps. (a) A small “up-jump”
right after an “up-jump” is shown within the dotted circle. Note
that at this moment, the photon number goes up by one. (b)
Another “down-jump” right after a “down-jump” is shown. At this
moment, the photon number goes down by one. Either in (a) or
(b), the photon number does not change when the up, down-jumps
occur in the orderly sequence.
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