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Line-profile variations in radial-velocity measurements
Two alternative indicators for planetary searches
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1. Background

2. Correction

In Figueira et al. (2013) we proposed a new line profile variation indicator, Vasy . For a given spectral line, this indicator evaluates the asymmetry in the radial velocity (RV) information content. By evaluating this asymmetry and associating the quantity
to an RV variation, it is possible to identify whether the variation
stems from a deformation of the line profile or from a bona fide
RV shift. In Figueira et al. (2013) we defined that

While the principle of the Vasy is sound, Eq. (8) of Bouchy et al.
(2001) was developed for a spectrum defined in the wavelength
domain and cannot be directly applied to the velocity space of
the CCF. As a consequence, to translate the principle to velocity space we have to calculate the relative weight of each pixel
by directly applying their Eq. (5); this allows us to calculate the
weight of a pixel as the inverse of the square of its rms velocity.
By applying a Taylor expansion to the error on the radial velocity as a function of the error on the CCF, and considering only
the first term, we have


Vasy =

flux (Wi (red)



− Wi (blue)) × Wi

flux

Wi

(1)

in which Wi are the weights of the point calculated at the flux
level i, as defined in Eq. (8) of Bouchy et al. (2001), where
Wi =

λ2 (i)(∂A0 (i)/∂λ(i))2
A0 (i) + σ2D

(2)

with λ(i) and A0 (i) representing the wavelength and flux of the
spectra, respectively, and σ2D the detector readout noise. Since
we are working in the velocity space, the wavelength is a velocity. This is standard procedure and has been applied extensively to the cross-correlation function (CCF). Moreover, we
are working in a very high signal-to-noise domain as such,
A0 (i) + σ2D ≈ A0 (i). We can then rewrite the previous equation in
the form of
Wi =

RV 2 (i)(∂A0 (i)/∂RV(i))2
A0 (i)

Wi =

∂ (CCF(i)/∂RV(i))2
c2
= c2
2
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(4)

in which σCCF (i) represents the error on the RV as induced by the
flux measurement in the pixel i, and c is the speed of light. This is
assumed to be photon-noise dominated, and can be calculated by
recovering the flux contribution to each of the pixels considered
in the CCF. As a first approximation it is possible to estimate the
error as 
calculated for the whole spectrum by considering that
σspec = Σi σ2i ; for a finer estimate the error can be considered
to be proportional to the flux in the photon-dominated regime
(as is the case), and the error per pixel can be deduced from an
estimate on the contrast of the CCF.
2.1. Information content in the CCF

(3)

in which RV(i) is the RV value of each pixel (i.e. x-axis) of the
CCF. For every flux level i, we consider three quantities: the blue
wing information, Wi (blue); the red wing information, Wi (red);
and the average between the two, Wi = (Wi (blue) + Wi (red))/2,
as representative of the weight of the information content at this
flux level for an undeformed line.

Central to the previous discussion is the issue of the information content of the pseudo-pixel generated by the CCF. While in
a real spectra the pixel flux counts correspond to photons, and
thus each pixel contains independent flux information that translates into RV information, the same is not true for the CCF. The
CCF is calculated using a smaller step in RV than the pixel size
in order to avoid information loss when moving across adjacent
pixels (see e.g. Baranne et al. 1996; Pepe et al. 2002) and to
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provide a smoother profile that makes the analysis of BIS easier (Queloz et al. 2001). However, one has to bear in mind that
adjacent pixels in the CCF function share photons from the original spectra, and as a consequence flux counts and information
content are correlated. The ratio of repeated or correlated pixel
count versus spectral pixel count is given by the ratio αcorr =
(size of pixel in RV)/(step used in CCF calculation). This means
that in order to evaluate the content of information in a CCF we
have to consider 1 in every αcorr pixels, or, to put it diﬀerentely,
we have to evaluate it over a grid in which pixels are spaced by
(on average) αcorr . So in order to apply Eq. (4) to the CCF, we
have to consider only 1 pixel every αcorr .
2.2. Information content as projected on the flux level

From the previous digression we know how to calculate the information content by applying Eq. (4) to the CCF. A final point
remains, which is particular to Vasy . In order to calculate the information content of a spectrum we can simply consider a grid
in which the CCF pixels are separated by αcorr ; instead, the calculation of Vasy from Eq. (1) is done at constant flux levels. This
can be done at any flux level grid that covers the line profile, and
in Figueira et al. (2013) we chose to do it over an equidistant
interpolated flux grid as inherited from (Queloz et al. 2001).
From the previous section, we conclude that the flux grid
chosen has to be such that it projects onto a grid of pixels separated (on average) by αcorr . This can be done by knowing the
shape of the function CCF(RV), or CCF(i) to retain the previous
notation.

3. Application and results
We applied the modifications described to the implementation
of Vasy ; for the oversampling factor we considered a value
of 3.28, calculated for the HARPS spectrograph, and for the

noise we considered the value stored in the DRS FITS keyword
DRS CCF NOISE for σspec . For the case of HD 224789, we
got a Pearson’s correlation coeﬃcient of 0.45, with a lower absolute value than the one obtained for the BIS, of –0.82. The
application to other stars and theoretical cases derived from
SOAP (Boisse et al. 2012; Oshagh et al. 2013) also yield lower
correlation coeﬃcients than presented with the previous formula. Given this lower eﬃciency on demonstrated correlations
and the possible introduction of spurious correlations as mentioned in Santerne et al. (2015), we advise against the usage of
Vasy as a line profile indicator. We note that the online version
of Vasy (described in Santos et al. 2014) already reflects these
modifications. We refer the interested reader to the recent work
of Lanza et al. (2015)1 for an improved version of Vasy .
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