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The rotation period distribution for the 173 stars in NGC 2264
that lie within the specified color range appropriate to a spectral
class range of K4–M2 is shown in Figure 6. The 142 stars with
periods detected by Lamm et al. (2005) and appropriate values of
color were supplemented by 31 stars of quality 1 from Makidon
et al. (2004). Reasons for not using quality 2 stars fromMakidon
et al. (2004) are given by Lamm et al. (2005). A double-sided
Kolmogorov-Smirnov (K-S) test shows that there is no signifi-
cant difference between the distribution shown in Figure 6 and
the period distribution for stars in the same color range chosen
only from the sample of Makidon et al. (2004). It is also quite
clear that the period distributions of the ONC and NGC 2264
stars in this mass range are not drawn from the same parent
population. A K-S test indicates that they are different at the
99.7% confidence limit. While this contradicts the statement in
Makidon et al. (2004) that there is no significant difference be-
tween ‘‘Orion’’ and NGC 2264, it should be kept in mind that by
‘‘Orion’’ those authors are generally not referring to the ONC but
to the greater Orion association. In fact, as Figure 7b of Makidon
et al. (2004) shows, their period distribution in NGC 2264 does
differ from that in the ONC at the 99% confidence limit when a
K-S test is applied. Other features of this distribution have been
discussed by Lamm et al. (2005) and include its bimodality, with
peaks near 1 and 4 days and the extended tail of slowly rotating
stars.

Rotation periods for the three MS clusters are shown in
Figure 7. Combined, there are 148 stars, enough to reasonably
define the distribution in a statistical sense. However, it is not
entirely valid to simply combine these three clusters because
they do not have the same period distributions, as is evident from
the figures and confirmed by a K-S test. Clearly, ! Per has a
higher proportion of rapid rotators than do the other two clusters.
From a strictly empirical point of view, this could be caused by
an age difference between the clusters and a general slowdown of
rotation with age expected from wind losses, by mass-dependent
rotation properties and a difference in the mass distributions
between the clusters, or by some other selection effect. It is easier
to explore these issues in the j plane than in the P plane, so we
postpone the task of combining the data until after a discussion of
radii. The combined period distribution shown in the bottom

right panel of Figure 7 is not strictly valid given the real differ-
ences between the clusters. However, because these differences
are relatively small and a main feature of the combined plot,
namely, its evident bimodal nature, is worth noting, we show the
distribution as a didactic exercise.
To summarize, even without correcting for the effects of ra-

dius, a few things are clear about the rotation distributions of
PMS and recently arrived MS stars of solar-like mass. First, there
are indications in Figure 7 that the rotational bimodality observed
for the ONC and NGC 2264 continues into the early MS phase;
this becomes more evident when the j distributions are discussed
below. Second, the period distributions are significantly different
from one another at each age step. And third, the trend is for most
stars to spin faster as they age, exactly as one would expect if
angular momentum conservation were involved, at least to some
degree. To assess things more physically and quantitatively, we
need to examine j rather thanP. This, in turn, requires that we take
account of the stellar radii, a task to which we now turn.

3.2. Stellar Radii

Figure 8 shows the distribution of radii as a function of log TeA
for ONC stars in our periodic sample. As expected, there is a
wide scatter but no clearly evident trend with temperature. All
data were taken directly from Hillenbrand (1997). Taken at face
value, the wide range of radii would indicate stellar ages that
range from about 0.1 to 10Myr (Palla & Stahler 1999). As noted
previously, our position is that this scatter is dominated by errors
and that the actual age (and therefore radius) spread in the ONC
is probably quite small. Since there is no clear trend of Rwith Teff
visible in the data, we adopt the median radius of R ¼ 2:09 R"
for all stars. This is a more robust value than the mean (2:3# 0:1)
because of the outliers at large radius. We show below that
adopting a single value of R ¼ 2:09 R", as opposed to individual
radii, has no effect on the calculated j distribution other than to
tighten it. Since rotation periods are very accurately determined
and have a large range, while radii are evidently poorly deter-
mined but expected to have a very small range, we argue that this
is the most appropriate procedure if the intention is to obtain the
best estimate of the j distribution of a cluster population.

Fig. 6.—Rotation periods for stars in NGC 2264 withR$ I values appropriate
to the log TeA range of 3.54–3.67. The periods come from Lamm et al. (2004) for
142 stars andMakidon et al. (2004) for 31 additional stars that were not detected as
periodic by Lamm et al. (2004). Only quality 1 stars from Makidon et al. (2004)
were used. This distribution differs from the one shown in Fig. 5 for Orion at the
99.7% confidence limit according to a K-S test.

Fig. 5.—Rotation periods for stars in the ONC with spectral types (K4–M2)
appropriate to the log TeA range of 3.54–3.67. Periods are based on the work of
Stassun et al. (1999) and Herbst et al. (2002) as summarized in the latter paper.
Effective temperatures are assessed by spectral type, as reported by Hillenbrand
(1997), and employ the calibration of Cohen & Kuhi (1979). One star, with a
period of 35 days, lies outside the boundaries of this figure.
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