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Comment on “Strongly Interacting Photons in a 1.0+ ' ' : ' '
Nonlinear Cavity” § 0.84 X A£4 |
A

In a recent Letter [1] Imanigu et al. have proposed % 0.6 Qs| Q4 |Qs F
to use electromagnetically induced transparency (EIT), in £ 1 , Pt
order to create a giant Kerr nonlinearity while keeping Z 0.4+ et i
absorption negligible. This could find application in the 0.2- Pt e
design of optical quantum logical gates [2], or in control- AT LI : f’) V“’“,
ling the quantum noise of very low intensity light beams 00 02 04 06 08 1.0

[3]. Thelstcheme involved/ four-level atoms dr_lven N FG. 1. Best squeezing spectrum for the system shown in the
one transition by a strong resonant laser fleld while two  jhset” The parameter®, = A, = 30, Q, = 0.1, C = 10°,

other transitions are coupled to a resonator mode, driven by,; = 1, and y.,, = 0.1 are deduced from Ref. [1]. The full

a weak coherent fielfl; (see inset of Fig. 1). Adiabatic line is from our four-level model, and the dashed line is from

elimination ofall atomic degrees of freedom vyields an ef- Ref. [1].

fective HamiltonianH.¢; for the cavity mode alone, which

describes physically cavity driving and damping, as well as .

a very large Kerr nonlinearity. The authors conclude thafiowever, slightly off-resonant frequency components see

this system would implement a turnstile device for single? Very high refractive index, which switches them out

photons, as the large dispersive nonlinearity would not alf the cavity resonance [6]. The perturbative expansion

low more than one photon to enter the resonator at a timé!Nderlying Her is thus only valid very close to the cen-

These results hinge in a crucial way on the validity of thet€! frequency component of the cavity field. On the

adiabatic elimination procedure. The purpose of this Com9ther handHer predicts a significant modification of the

ment is to point out that the adiabatic Hamiltoniaiy, ~ 9uantum fluctuations on the frequency scale@f. Such

[Eq. (2) of [1]] does not give a complete account of thefe}st time response is not permitted by the atomic behavior

dynamics of the system. displayed in Fig. 1, ano_l theref_ore_ th_e conclu_S|ons of [l_]
Here we argue that adiabatic elimination is an approxi@'€ not warranted. Obviously, intriguing questions remain

mation based on the existence of different time scaleS (0 the behavior of the complete atomic model in the

and should be independent of the relative size of th&onlinearized domain, and the work presented in [1] has

fluctuations of the variables involved. We have thusSignificant merit to open them for investigation.

chosen to examine the behavior 8f;; in the case where - . . .

the (weak) cavity field still contains enough photons SOPh1|Illﬁstiu?;z?gglt?fhgamel F. Walls; and Kiaus M. Ghefi

that its quantum fluctuations can be linearized. In that gp 147 PHq

case, the preductions usiflys; are in striking discrepancy F91403 Osray Cedex, France

with the ones obtained from a full four-level atomic model.  2ppysics Department

Our model is a straightforward generalization of the one  university of Auckland

described in detail in Ref. [4], which was shown to be in  Private Bag 92019

very good agreement with recent experiments [3,5]. The Auckland, New Zealand

relevant parameters of the model are the Rabi frequencies *Institut fur Theoretische Physik

Qy4, Q,, the one-photon coupling, g», and the detuning Universitat Innsbruck

Ag. The decay rates ang,, for the cavity, andy;; for the Technikerstrasse 25/2

transition from level to j. The cooperativity is defined as 46020 Innsbruck, Austria

— 2 i
C = NlgiI*/(yeavys1). In Fig. 1 we have plotted a best o i 4 25 February 1998 [S0031-9007(98)07053-7]
squeezing spectrum, using either our linearized four-leveb s ~g numbers: 42.50.Dv. 03.67.—a 32.80.0k, 42.50.Lc

model (full line) or the effective Kerr-effect Hamiltonian

Hes (dashed line). A very dramatic feature emerges: . _
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