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Materials and Methods

The model of the dust ring is assumed to be co-planar with the orbit of Venus
because of the good correspondence between the location of the maximum surface
brightness in the maps and the tangent to the orbit of Venus (Fig. 3A). Hence the ring has
the same inclination (3.39°) and longitude of ascending node (76.68°) as Venus. In
calculating the scattered light from dust in this ring, a Henyey-Greenstein phase function
appropriate for optical scattering (23) was adopted.

Initial parameter fitting was carried out with @, as a free parameter (in addition to

n ¥,, and 7). This however resulted in considerable variation in all the fitted

00 The
values. Consequently, the weighted mean value of o, =0.055+0.003AU from all four

(HI-2A) data sets was adopted, and the fitting repeated with o, fixed as described in the

main text.

The fitting of the parameters of the three-dimensional dust model to the maps of HI-
2A surface brightness was carried out by y* minimization (using the Levenberg-
Marquardt method). For each iteration of the model fitting process, a synthetic image was
generated as follows. A grid was defined which is identical to the coarse grid used for the
initial analysis of Level-1 data (i.e. helioecliptic longitude in cells of 0.5° resolution with
cell centers from 35.25° to 59.75°, and ecliptic latitude in cells of 1.0° resolution with cell
centers from —8.0° to +8.0°). To model a particular data set, a model surface brightness
map was generated to correspond to every fifth input Level-1 data file in the set. This was
found to be sufficient to account for the changes in viewing geometry during a 10-day
integration. Thus the simulation of a 10-day integration period involved 24 model maps
(in comparison to 120 data maps). The model maps were averaged before the scan at each
value of  was subject to box-car filtering (with a filter width of 13 cells, i.e. 6.5°) as
used in the analysis of the data. Note that the fitting of a power-law and the subsequent
de-trending of the result of applying a box-car filter to the best fitting power-law was not
applied to the model data because no large scale dust distribution (such as a modified fan
model) was included. The synthetic map was then compared to a real map over
45.25°<0°<54.75° and the full mapped range of ecliptic latitudes: this corresponds to 340
data points. The variance associated with each data point was taken to be constant for
each data map and estimated by calculating the mean variance from a constant mean
value across all cells with A’=44.25°, 44.75°, 55.25° and 55.75°. In addition to the model
parameters described in the main paper, a further variable in the fitting process was an
offset surface brightness value (), to allow for the de-trending process not resulting in

variation around zero in regions of the surface brightness maps which are used for model

fitting. Hence there are five free parameters in the fitting process, Ryg Mg Fys 1 and

a,, and consequently 335 degrees of freedom.
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Fig. S1.

Surface brightness maps (lower panel) and mean scans (upper panel) for a region away
from the orbit of Venus. These maps are offset by 10° in helioecliptic longitude away
from the Sun from the map shown in Figure 2A, and hence do not view the orbit of
Venus. Both maps correspond to 10-day integrations of HI-2B data, and units are as in
Figure 2A. (A) For the data set starting on 2009-Jun-7 00:00 UTC (as in Figure 2A). (B)
For the next data set in the sequence, i.e. starting on 2009-Jun-17 00:00 UTC.
Comparison of these two maps shows that the pattern of small scale fluctuations is
similar between the two, except that the features shift by about —10° in helioecliptic
longitude between A and B (e.g. features near (A’,) (—55°,+3°) in A and (—64°,+3°) in
B). This is consistent with the motion of the celestial sphere, suggesting that distant
astronomical background is a component of the residual signal in these maps. The dark
blue region on the right hand edge of both maps arises from a systematic error in the de-
trending process due to the presence of the Earth in the instrument field-of-view at
A==70°.
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Fig. S2

Surface brightness maps (lower panel) and mean scans (upper panel) for two data sets at
which the tangent point have similar azimuthal angles with respect to Venus (6=170°),
but viewed from different spacecraft. Both maps correspond to 10-day integrations and
units are as in Figure 2A. The orbit of Venus as viewed from the spacecraft at the start
and end of the integration time is shown by black dots. (A) For the HI-2A data set
starting on 2008-May-31 00:00 UTC. (B) For the HI-2B data set starting on 2008-Jul-17
00:00 UTC.



Table S1.

Best-fitting parameter values and 1-c uncertainties corresponding to the data and models
presented in Figure 3.

Data set z ag 7o 2
Zy DN s'pix?) | oo "ho (AU) (AU)
Aoy Moy
2009-Jun-09 0.998 20,0010 | 0.076£0.003 | 0.09520.004 0.71490 0.73958
+0.0003 +0.00007 +0.00045
2009-Jun-29 1.408 20.0014 | 0.068£0.003 | 0.10620.004 0.71543 0.74001
£0.0003 +0.00013 +0.00039
2009-Jul-19 1489 20.0031 | 0.052£0.003 | 0.09220.004 0.71383 0.74076
£0.0003 +£0.00032 +£0.00056
2008-Nov-12 1.174 0.0007 | 0.02920.002 | 0.074%0.004 0.71151 0.73967
+£0.0003 +£0.00044 +£0.00062
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