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1 Statistical noiseanalysis

The origin of noise in the frequency domain was investigdtgdonstructing a
histogram of line intensities (heights) using data poiragfthe power spectrum.
The height distribution of noise in the frequency domairdiwk from the distri-
bution in the time domain. Provided neighbouring data aimthe time domain
are independent of each other and intensities are distdbubrmally with zero
mean and a variana® (white noise) the intensity distribution in the frequency
domain is given by a second ordq%zz distributiont, defined by

Xi_a(X) = de ™ 1)

wherex is the height, i.e. the occurrence of a specific intensity. kthe noise
comes only from white noisd = a= 1/2. An exponential functioly = de
was fitted to the histogram of intensities and the parametensdd were de-
termined to test whether the noise observed in the frequdamyain originates
from white noise in the time-domain.
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Fig. 1 A histogram of line intensities (see text for more details). The distribution was
normalised and centred at the meamuef 2. The functiory = de"* was fitted and the
best estimates of the coefficienéss= 0.517+0.011 andd = 0.498+ 0.015, are in good
agreement with the expected coefficients qﬁgz distribution. The goodness of fit was
confirmed through th&2 parameter.
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The histogram of intensities was generated by sorting 428 points into
100 equal-sized bins. The resulting distribution of intéas was then scaled in
order to fulfil the requirement of a megqu= 2, for axﬁz2 distribution as well as
normalised by the total area under the curve. The resultistgdram is shown
in Fig. 1. The parameters of the exponential functieade 2 were determined
from alinear least squares analysis. The extracted vedue$.517+ 0.011 and
d = 0.498+ 0.015, are in excellent agreement with the expected coeffiai
0.500 and 0.500, respectively, which is also reflected inaalgess-of-fit valug,
R? =0.993 . It was therefore concluded that the intensity vanatiseen in the
high frequency part in the spectrum are due to white noise.

The 99.9% significance level for the random events in thetspmcwas es-
tablished by finding the intensity level for which the follimg integral equation
holds:
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The solution to this equationis= 13.81, which corresponds to an amplitude of
7.7x1071%in the power spectrum. The derived confidence level was egjiti
the low frequency region and any signal above this limit waated as real with

a likelihood of at least 99.9 %. We note that this result isblacn the assumption
that other sources of noise, such a< hoise, are absent. Furthermore, repeat
scans with similar and different pump laser powers showlaimapectral features
and were taken as additional evidence that the observed peakeal.
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