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Abstract

Considering the resonator losses in photon pairs the coherence between the photon pairs as the function of number
of bimodes is studied. Taking into account the big number of resonator bimodes in which the photon pairs with fixed
energy and phase are generated, it is demonstrated that the coherence between the pairs of photons remains larger than
the coherence between individual photons. It is shown that the ignition of two-photon lasing from vacuum fluctuations
increases with the increase in the number of resonator modes. This effect can be regarded as a collective phenomenon
between the resonator bimodes in which the pairs of entangled photons are generated.
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1. Introduction

The generation of specific quantum states of
light that possess desired correlation between the
emitted photons is in the center of attention of
many recent experimental and theoretical studies
[1]. The property of entanglement between the
photons emitted in the process of light generation
(amplification) has now a great impact on the
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application in quantum information [2]. The statis-
tics of light generated by lasers can be altered sig-
nificantly by modifying the properties of the
resonator or the light-matter interactions. In this
consequence of ideas, it is interesting to study the
process of two-photon generation, modifying the
“traditional” scheme of photon losses from mi-
cro-resonator. Thus, one can obtain a different
coherent correlation between the emitted photons,
and the ignition process of laser emission will be
different in comparison with the two-photon laser
theories, proposed earlier.
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The possibility of induced two-photon genera-
tion per atomic transition was suggested by Proho-
rov, and Sorokin and Braslau [3]. The scattering
effects in two-photon amplifier attenuate the possi-
bility to realize two-photon lasing [4—6]. The first
experiments demonstrated that two-photon ampli-
fication and lasing in the presence of external
sources are possible [7-9]. From a theoretical point
of view, it is known that for the one-photon laser
the field amplitude starts from electromagnetic
vacuum fluctuations of resonator above the
threshold point, so that the external source for las-
ing ignition is not necessary. The one of the first
theoretical treatments of two-photon lasers use
the analogies between one- and two-photon lasers
[10]. Following the Scully-Lamb theory of one-
photon laser [11] many authors obtained the mas-
ter equation in which two-photon analogs of
parameters of gain, losses and saturation were
introduced in analogy with the one-photon laser
case. According to these theories, the two-photon
laser starts from vacuum fluctuations and losses
from one- or two-mode laser are introduced taking
into account the detailed-balance consideration.
Taking into account the real losses from the cavity
in papers [12-14] the theory of two-photon laser
was proposed, in which, in order to pass into las-
ing regime the non-zero value of field amplitude
IS necessary.

On the other hand, in the free space an inverted
system of radiators relative to dipole-forbidden
transition passes into the two-photon super-radi-
ance, starting from vacuum fluctuations [15]. This
type of correlation of atomic polarization takes
place in the processes of two-quantum exchange
between the atoms through the vacuum of electro-
magnetic field. As was shown in these papers the
inverted system can generate a coherent pulse of
biphotons in the broad-band emission spectrum.
Due to a large number of bimodes in which the
pairs of photons are generated the two-photon
super-radiance successfully starts from vacuum
fluctuations, and an external ignition pulse is not
necessary as in the two-photon laser [12-14]. We
emphasize that in this case the second-order coher-
ence which describes the coherence between the
pairs of photons is larger than the first-order
one. In order to increase the two-photon interac-

tion with vacuum modes, in paper [16] the possibil-
ity of two-photon cooperative emission in cavity
was discussed, in which the two-photon spontane-
ous emission time is larger than in the free space
due to the discrete mode structure of the cavity
and less than the life-time of photons in the cavity.
In this case, the emission of two-photon super-
radiant pulse, starting from vacuum fluctuation,
is possible too.

In this paper we propose another model of two-
photon generator of coherent light where the
coherence between the pairs of entangled photons
is larger than the coherence between the individual
photons in resonator. In order to obtain it the igni-
tion of two-photon lasing from vacuum fluctua-
tions of cavity electromagnetic field is proposed.
Thus we demonstrate that, in special case of reso-
nator losses, the two-photon lasing process start-
ing from vacuum fluctuation passes into the
quantum states with maximal coherence between
the photon pairs. This is possible when the
entangled photons generated in large number of
conjugate modes are absorbed or “leave” the mi-
cro-cavity simultaneously in pairs. The realization
of losses in pairs can be provided by an injected
stream of atomic beam prepared in the ground
state perpendicularly to the generation zone of
the resonator which is accorded in the two-photon
resonance with entangled photon pairs. More than
this, the statistics of field in the resonator can be
tested by such flux and the stability between the
processes of generation and losses is established
by the intensity of the atomic flux.

It is shown that the collective condensation of
the photon pairs generated in the conjugate modes
with same phase is possible. This result is obtained
using the quantum master equation for cavity elec-
tromagnetic field which consists from photon
pairs. In semiclassical treatment it is demonstrated
that the non-zero value for the product of two-
boson amplitudes of field belonging for the pho-
tons with different energy is possible. This result
corresponds to the minimal value of quasi-poten-
tial function introduced in this paper (see Fig. 2).
The statistical properties of photon pairs gener-
ated in the large number of conjugate modes dras-
tically differ from one-photon lasing statistics,
though the behavior of biphotons in the process
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