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Stochastic fluctuations of coherent and incoherent components of the resonance fluorescence 
intensity induced by Wiener-Levy laser phase noise are investigated. Statistical properties of the 
atomic dipole moment and stochastic Mollow spectra of atomic dipole fluctuations for different 
values of the laser linewidth and Rabi frequency are calculated. It is shown that these spectra exhibit 
a triplet structure which is purely classical and entirely laser-noise dependent. 

Summary 

Resonance fluorescence of two-level a toms (TLA) 
induced by laser-phase noise has been investigated for 
m a n y years. So far most of the theoretical work has 
concentra ted on calculating the total resonance-fluo-
rescence intensity / which is determined by the a tomic 
popula t ion p(t) = w(t) + \ of the radiat ing TLA. Re-
cently the first experiment has been reported in which 
the noise-induced mean and variance of the total fluo-
rescence intensity have been measured. It is the pur-
pose of this paper to examine the problem if laser-
phase noise-induced fluctuations of the coherent 
/ c o h (r) and incoherent / i n c (?) fluctuations in resonance 
fluorescence. 

The stochastic Bloch equat ions (with q u a n t u m av-
erages already performed) have the following form: 

J = ( l a ) 

d* = ^ j d * + i y e W ) w , ( l b ) 

vv = — -<4(1 + w) + iQ(d*e-i<t>{t)-dei<t,(t)), (lc) 

where u = d + d*, v = i(d — d*), and w are three com-
ponen t s of the Bloch vector driven by a stochastic field 
cons tan t Rabi frequency Q and fluctuating phase 0 (r). 
The radiative damping and detuning are denoted by 
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the Einstein A coefficient and A, respectively. Phase 
fluctuations of the laser light are assumed to be de-
scribed by a Wiener-Levy stochastic process leading 
to frequency f luctuat ions characterized by the zero 
mean and the following autocorre la t ion function: 

<<Mf)<Mt')> = 2 r < 5 ( r - r ' ) - (2) 

It is well known that the total resonance-fluores-
cence intensity consists of two contributions: 

I = /coh + line • (3) 

The first one, originating from the mot ion of the 
dipole d(r), driven by the laser field, is sometimes 
called the coherent or the Rayleigh scattered intensity, 
/ c o h = d* (r) d (t). The second one, called the inco-
herent intensity, is due to the q u an tu m fluctuations of 
the dipole momen t p roduced by the vaccum field, 
Iinc = p(t)-d*(t)d(t). 

We shall be concerned mainly with the statistical 
propert ies of resonance fluorescence generated by the 
a tomic dipole fluctuations: </ c o h> = <d*(i)d(f)>, and 
</ i n c> = < p ( t ) > - < d * ( t ) d ( 0 > . 

In Fig. 1 we have plot ted the total and the coherent-
fluorescence intensity as a funct ion of the detuning for 
different laser l inewidth F and Rabi frequency Q. We 
see that for Q = 0.5 A and F = 1 A, the coherent fluo-
rescence is practically identical to the total fluores-
cence. Fo r higher values of the Rabi fluorescence, i.e., 
for Q = 2 and 3.5 A the differences between these two 
fluorescence componen t s ar more pronounced. We 
note that for Q > 1 the coherent intensity has a power-
broadened dip at exact resonance, which could be 
well-understood in the dressed state picture. 
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Fig. 1. </) and </coh> as a function of laser detuning A with 
r = 1 A. The different solid lines from the bottom to the top 
correspond to </ ) with Q = 0.5, 2.0, and 3.5 A. The smallest 
Lorentzian dotted line curve corresponds to Q = 0.5 A. The 
dotted line curves with a shallow dip and with the most 
pronounced dip corresponds to Q — 2.0 and 3.5 A, respec-
tively. 

It is also very interesting to study the power spectra 
of d ipole-moment fluctuations responsible for the co-
herent fluorescence intensity. The q u an tu m correla-
tion of a tomic dipole moments leads to the well-
known Mollow spectrum (MS). Now we are dealing 
with the classical correlation of a tomic dipole mo-
ments driven by stochastic f luctuations of the driving 
field. We shall call the resulting power spectrum a 
Stochastic Mollow Spectrum (SMS). 

In Fig. 2 we have plotted the S M S for weak-field 
excitation Q = 0.2 A, detuned by A = 10 A and with a 
laser linewidth F = 0.1 A. We see that in addit ion to 
the Rayleigh component centered a round co = coL we 
have a purely inelastic component centered a round 
CO = CÜQ. 

A remarkable feature of the SMS emerges when the 
Rabi oscillations are considerably increased. In Fig. 3 
we have plotted the dipole-moment spectrum for 
Q = 60 A, at exact resonance and for different values 
of laser linewidth. The striking feature of these curves 
is the presence of a triplet. Note that the appearance 
of these three peaks is similar to the structure of the 
f amous MS. The fundamenta l difference between the 
stochastic spectrum and the q u an tu m spectrum is in 

Fig. 2. The SMS for weak field Q = 0.2 A, A = 10 A, and 
T = 0.1 A. 
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Fig. 3. The SMS for Q = 60 A, A = 0, and different values of 
laser linewidth. The dotted line corresponds to T = 0.5 A. 
The dashed line, dash-dotted line, and solid line correspond 
to r = 2.0, 6.0, and 10 A, respectively, and the figures have 
been shifted by 0.0001, 0.0002, and 0.0003 and magnified by 
3.0, 6.0, and 7.5, respectively. 
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the source of fluctuations. The M S results f rom vac-
uum fluctuations, while the S M S results f rom phase-
laser fluctuations. We see that when r is small, there 
is basically one central Rayleigh peak, but when r 
increases, two sideband peaks appear , and their 
heights grow with r. This indicates that the triplet 
s tructure is purely noise dependent . Correlat ions of 

the a tomic dipole result in this case f rom purely clas-
sical f luctuat ions induced by the laser-phase noise. 

Acknowledgements 

This work was partially supported by the Office of 
Naval Research. 

[1] M. H. Anderson, R. D. Jones, J. Cooper, S. J. Smith, D. S. 
Elliot, H. Ritsch, and P. Zoller, Phys. Rev. Lett. 64, 1346 
(1990). 

[2] K. Wödkiewicz, Phys. Rev. A19, 1686 (1979). 


