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Use of the median as opposed to the mean

In the published paper I sample over the uncertainties in the astrometry and radial velocities to construct
the posterior probability distribution function (PDF) over the perihelion time, distance, and speed for each
encountering object. From an inference point of view this PDF is the final result. But in practice we want to
summarize this distribution. A good summary (for unimodal distributions, which these all are) requires at
least two numbers in order to characterize the range over which there is significant probability. One approach
is to report the mean, u, and standard deviation, o. However, the standard deviation makes little sense for
the perihelion distance, because that quantity must be strictly positive, whereas i — o could be negative. I
therefore use the 5% and 95% quantiles of the posterior PDF, which together give a 90% confidence interval.
For the subsequent analyses and comparisons I also need a single characteristic value, and for this I adopt

the mean (expectation value), denoted ¢y, d}, and vy .

Instead of the mean one could use the mode or median, or indeed any other reasonable estimator. Because
the perihelion distance must be positive, the distribution over this quantity is generally skewed towards
positive values, as you can see in Figure 4 in the published paper. The mean will, therefore, in general be
larger than the median or mode. These is of course no “correct” estimator, although one may be preferable
depending on what you want to show or test for. But how sensitive are my results to my choice?

Using the same set of samples as in the paper, I have calculated the median for the perihelion time, distance,
and speed distributions. I denote these tg}fd, dgfd, and vgfd respectively. Figure |1| shows the difference
between the median and mean as a function of d7y for objects with dy < 10 pc. The difference are generally
very small (remember that there are 1548 objects plotted in each of these panels). Figure 2] shows the zoom
of this for alg‘l’1 < 2pc, from which details of individual objects can be read off by comparison with Table 3
in the published paper. The absolute differences will of course grow with the estimates. The middle panel
of Figure |3[ shows the cumulative distribution of the ratio d;}led/dg‘{l for all objects with d;‘}’l < 10pc. This
shows, for example, that only 7.5% of the objects have alp“}fd/al?}1 < 0.95, and all objects have dglfd/dg‘}’l <
1.02. The other two panels plot the ratio for the perihelion time and speed ratios. These plots shows that for
the vast bulk of the encounters, the fractional difference between the mean and median is very small.

The number of objects with d;n}fd below (0.5,1,2,3,5,10) pc is (5,17,75,188,465,1628) respectively (cf. Table
2 in the published paper).

The top panel of Figure @ shows the median perihelion distances vs. time for all encounters with d;n}f‘d <
10pc. This looks very similar to the corresponding plot in the published paper (the top panel of Figure 2;
the plotting ranges are identical and happen to include the full time range in t;n}fd). The lower two panels
in Figure 4] are reproductions of the lower two panels of Figure 2 in the published paper, but here with the
median estimates for the same objects overplotted in red. This shows that the median differs very little from
the mean compared to the 90% confidence interval for the close encounters.

In conclusion, my overall results on close encounters are little effected by the choice of the mean or median
as an estimator. The median estimates are available online in the file peristats_medianl


http://www.mpia.de/homes/calj/stellar_encounters/stellar_encounters_1.html
http://www.mpia.de/homes/calj/stellar_encounters/peristats_median.txt
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Figure 1: Comparison of median with mean. Each panel shows the difference between the median and mean
estimate of the perihelion time, distance, and speed (from top to bottom) as a function of the mean perihelion
distance, for all objects with d;‘}’l < 10 pc. The vertical axes are selected to include all 1548 objects.
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Figure 2: As Figurebut for all 65 objects with d7} < 2pc.
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Figure 3: Cumulative distribution of the ratio of median to mean of the perihelion estimates, for all objects
with df}, < 10 pc. The middle panel shows the fraction of objects (with di < 10 pc) which have dgfd/dg‘ﬁ
less than the amount shown on the horizontal axis. The grey line shows that 7.5% of the objects have
alpmfd/alg‘}’l < 0.95. The top and bottom panels show the same for tgfd/tg‘}’l and viﬁfd/vgﬁ respectively. In all
cases the full range of the ratio is plotted.
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Figure 4: The top panel shows the median perihelion distance, dg’hed, vs. median perihelion time, tg*hed, for

all objects with dglfd <10 pc. The middle panel shows all objects with d} <2 pc and the bottom panel is a
zoom of this. The black points in these two panels are (¢}, d7} ) and the nearest red points are (tglhed, d;lhed)
for the same objects. The ends of the error bars in the lower two panels denote the 5% and 95% quantiles of
the distributions for each object, which together form a 90% confidence interval. These could equally well
be applied to the median estimates (the red points) instead. Cf. Figure 2 in the published paper.



