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In this supplement we compare the spectral intensity
scattered from an inhomogeneously broadened sample of
87Rb atoms to the Voigt profile fit to the spectral in-
tensity. In addition, we show the scatter plots of the
distribution of collective eigenmode resonance linewidths
and line shifts.

Voigt profiles

At the very low temperatures of the experiments the
atoms are stationary to first approximation, but we wish
to retain the option to discuss moving atoms. In princi-
ple one could allow the atoms to move either ballistically
or as a result of the trapping forces, dipole forces be-
tween the atoms, and even collisions of other origin, and
integrate the equations of the polarization amplitudes.
The drawback is a greatly complicated coding. Instead,
we resort to a simple model of inhomogeneous broaden-
ing: We add to the detuning of the jth atom a random
quantity ζj that has a Gaussian distribution with the
root-mean-square width ∆ω,
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For instance, with ∆ω = ku and u =
√

kBT/m being
the thermal velocity, this would be the standard model
for the Doppler broadening of a resonance line of an
atom with mass m at the temperature T . Instead of
the usual Lorentzian resonance line of width γ, we then
expect a resonance line shape that is the convolution of
a Lorentzian and a Gaussian, commonly known as the
Voigt profile:
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where erfc stands for the complement of the error func-
tion. This function is built in to, say, Mathematica. It is
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FIG. 1. The light scattered from an inhomogeneously broad-
ened (100γ) sample of 450 87Rb atoms as a function of in-
cident field detuning ∆. The peak density is ρ = 2.4 ×
1014 cm−3. The blue line is the scattered intensity calculated
from Monte-Carlo simulations, while the green line is the fit
to a Voigt profile. Here ∆ = ω−ω′

0 where ω′
0 is the frequency

at which a single 87Rb atom scatters the most incident light
in the presence of a magnetic field.

routine in spectroscopy, and here as well, to fit a function
of the form AV (∆ − δ, γ,∆ω) to a resonance line, with
any of A, δ, γ or ∆ω regarded as variable parameters as
needed (an example curve shown in Fig. 1). The standard
spectroscopic fitting then gives an estimate of the shift
δ of the resonance from the original atomic resonance at
ω0.

Scatter plots of eigenmodes

In the main section we illustrated the effect of col-
lective modes by displaying the distribution of the reso-
nance linewidths of the collective modes for both thermal
and cold atomic ensembles. One can also see how collec-
tive modes differ in cold and thermal gasses by exam-
ining the joint distributions of δn and log10 υn. Scatter
plots of δn and log10 υn obtained from five realizations of
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FIG. 2. Representation in the complex plane of the eigenval-
ues associated with the collective modes for a particular real-
ization of the atomic positions. Each mode is represented by a
point, with the coordinates being the mode resonance frequen-
cies δn and its decay rates υn. (a) Homogeneously and (b)
inhomogeneously broadened (with a root-mean-square Gaus-
sian width of 100γ) samples of 450 87Rb atoms.

atomic positions in samples of 450 atoms are illustrated
in Fig. 2. In the cold gas, many of the mode resonance
frequencies are shifted from the single-atom resonance,
while collective decay rates span several orders of mag-
nitude. The distribution of mode resonance frequencies
in the inhomogeneously broadened sample, on the other
hand, mostly reflects the Gaussian distributions of single-
atom resonance frequencies. Furthermore, the collective
mode decay rates closely match single-atom decay rates,
indicating that the atoms respond to light nearly inde-
pendently.


