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Cavity electrodynamics has been one of the central topics
of quantum optics in last years (for reviews see’ 1¥ ), A num-
ber of interesting effects such as vacuumfield Rabi oscilla-
tions,collapse and revival has been predicted and then obser-
ved experimentally 7'm/.Recent1y, the spectrum for the fluo-
rescegg& YBptons in the Jaynes-Cummings model has been calcu-
lated .

In this letter we discuss the intensities and photon sta-
tistics of the spectrum components and the cross—correlations
between them in the fluorescence field from N two-level atoms
interacting with an intense resonant cavity mode at frequency
w). Essential differences in spectral and statistical proper-
ties from collective resonance fluorescence in a free space
have been shown. We consider a system of N two-level atoms in-
teracting with a single cavity mode. For simplicity, we discuss
only the case when the cavity mode is in the exact resonance
with atomic resonance frequency.Atoms are assumed to be placed
in a cell of dimensions smaller than the wavelength of the
field.

In the case when the cavity mode is intense so that it can
be treated classically, the Hamiltonian of the system in the
interaction picture has the following form’

H= 0 +3,). (1

where @ is the resonance Rabi frequency describing the interac-
tion of the intense cavity mode with the atomic system; J;; =

_ <j| (i,j = 1,2) are the collective operators
k=1

for the atomic system. They satisfy the communication relation:
[Jij 'ij']= gj,an— - Jiﬁ Bij». 2)
By using relations (1)-(2) one can write the operators in the
following form:
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here
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Following refs.”3°3/ e define the transient spectrum of the

fluorescence in a cavity as
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where I' is the handwidth of the detector, T is the time at
which the spectrum is evaluated. The <,..> indicates the ave-
rage over the initial state of the atomic system. By using the
definition of fluorescence (8) and relations (3-4) one shows
that for the case of I'T > 1 and for the case of intense ca-
vity mode the members in spectrum (8), which are proportional
to 21, are ignored and the operators S.j, So and 8; can be
considered as the operator-sources of the spectrum components
at frequencies oL -20, o and o +2Q, respectively/13:15-18/,
Let the atoms be initially in the ground state

pr = |0, N> < N0}, . (9)

Then, the intensities of the spectrum components are propor-
tional
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I, ~ <8%8, > = - (N?+ N). (12)

Thus, the intensities of the sidebands S:q are proportional
to N2 while the intensity of the center component is propor-
tional to N. This result is quite different from the collecti-
ve resonance fluorescence in the free space/12'13/, where for
the case of exact resonance the intensities of all three Mo-
low's triplets are proportional to the square of the number
of atoms.

Further, we discuss the photon statistics of spectrum com-
ponents So, S:3 and cross—correlations between them.

Following refs./ 1418/  ye define the degree of second-or-
der coherence of fluorescence light to be
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The quantities Gg?? (i =0, *1) describe the photon statistics
of the spectrum components S; and the quantities Gi?} (i41])
describe the cross—correlations between the spectrum components
S;iand 8; (i,i =0, *1),

By using the relations (9) and (13) one can find
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¢® - ag® 12—~ |
-1,-1 1,1 N(N + 1)2? (15)
For the case of N= 1 the relations (14)-(15) reduce to 0533=1;

GS?,il = 0; thus, the center component has a Poissonian statis-
tics while the sidebands S:; have the sub-Poissonian statis-
tics. Analogous conclusions were made’ 18- 18/ for resonance
fluorescence in a free space.

For the collective case N > 1 we have G&ﬁ%:> 1 and the cen-
ter component S, has a super-Poissonian statistics while
Gtﬁ_¢1.<l i.e., the sidebands as for the single-atom case,
also have the sub-Poissonian statistics for the collective
case. This property is different from collective resonance
fluorescence in a free space’!% where the sidebands have sub-
Poissonian statistics only for the case of several atoms. We
note that though the sidebands S,; have the sub-Poissonian
statistics for the collective case N > 1, the measure of this

(2) ~-2(3N-1)

"phenomenon, the value G.y .y - 1 = is proportional

N(N +1)2
4

to N~%2, i.e., to reverse number of photons of the sidebands.
For the case N >> 1 the sidebands are Poissonian light
(GB) 4y =1). ‘
Finally, we discuss the cross—-correlations between the spect-
rum components. By using the relations (9) and (13) one finds
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From the relations (16)-(18) one can make conclusions:

(i) The correlation between the sidebands comes into exis-
tence for the single and collective case (Ggﬁﬂ = GS%31'>1),
i.e., the photons of the sidebands have a tendency to be emit-—
ted in pairs.

(ii) For the single-atom case G(l?(), = GS?.)O = G(02.)l = Gg?_)1=
= |. It means that for the single-atom case there is no corre-
lation between the side components and the central ones’ 15716/,

(iii) For the collective case we have G i% = (}fzo > 1 and
Ggqa = G®); <1, i.e., the atoms have a tendency to emit in
pairs the photons of the sideband and center component only
in the time order: the first photon of the sideband and the se-
cond photon of the center component. This property in cross-
correlation is quite different from collective resonance fluo-
rescence in a free space where the anti-correlation between
the sidebands 8.1 and the central component S, occurs.

In conclusion we note that for the case of a large number
of atoms (N >>1) Gﬁ?} (i #j) = 1; thus, the photons of the
spectrum components have the tendency to be emitted indepen-
dently. For the one case (N= 1) our results are in agreement
with the previous works 35/,
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Hlymosckuit A.C., Yan Kyaur E17-88=-222
CnexrTpalbHble H CTAaTHCTHYECKHE CBOMCTBA
duryopecueHiiid aTOMOB B pe3oHaTope

HccnemoBaHel crieKTpanbHble M CTATHCTHUYECKHE CBOMCTBA
dnyopecueHiiyd N OBYXYpOBHEeBHX aTOMOB, B3aHMOOEMCTBYIOIMX
C MHTeHCHBHOH pes3oHaHcHo# Mopmoii. [lomydyeHpl pesynbpTarhi,
CHIIBHO OT/IHUYawMyecsa OT KOJIIEKTHBHON pe30HAaHCHOH duiyopec—
LHeHIHUH B CBOBOODHOM MpOCTpaHCTBE.

Pa6ora BumosdHeHa B JlaGopaTop#H TeopeTHuecKOH (GUIHKH
OHAH.
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Spectral and Statistical Properties
of Fluorescence from N-Atoms in a Cavity

Spectral and statistical properties of fluorescence
from N two-level atoms, interacting with an intense cavity
mode, are discussed, Quite different results from collec-
tive resonance fluorescence in a free space are shown.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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