36. Youngand
embedded clusters in
Cygnus-X: evidence for
building up the initial
mass function?

We provide a new view on the Cygnus-X north complex by accessing for the first time
the low mass content of young stellar populations in the region. Canada—France—Hawaii
Telescope/Wide-Field Infrared Camera was used to perform a deep near-infrared survey of
this complex, sampling stellar masses down to ~0.1 M. Several analysis tools, including
a extinction treatment developed in this work, were employed to identify and uniformly
characterize a dozen unstudied young star clusters in the area. Investigation of their mass
distributions in low-mass domain revealed a relatively uniform log-normal initial mass function

MNRAS 458,3027-3046 (IMF) with a characteristic mass of 0.32 + 0.08 M and mass dispersion of 0.40 &£ 0.06. In the
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high-mass regime, their derived slopes showed that while the youngest clusters (age < 4 Myr)
presented slightly shallower values with respect to the Salpeter’s, our older clusters (4 Myr <
age < 18 Myr) showed IMF compliant values and a slightly denser stellar population. Although
possibly evidencing a deviation from an ‘universal’ IMFE, these results also supports a scenario
where these gas-dominated young clusters gradually ‘build up’ their IMF by accreting low-
mass stars formed in their vicinity during their first ~3 Myr, before the eas expulsion phase,

emerging at the age of ~4 Myr with a fully fledged IMF. Finally, the derived distances to these
clusters confirmed the existence of at least three different star-forming regions throughout
Cygnus-X north complex, at distances of 500-900 pc, 1.4-1.7 and 3.0 kpc, and revealed
evidence of a possible interaction between some of these stellar populations and the Cygnus
OB2 association.
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Figure 8. CMD comparing the samples in LK12 region (left-hand panel),
in its nearby field (middle panel) and the field-subtracted sample (right-
hand panel). The colour bar shows the assigned photometric probabilities.
Isochrones representing the single star (solid line) and equal mass unresolved
binaries (dashed line) populations are shown, along with the most probable
age, distance and extinction inferred.
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where p, and pg, represent the local stellar density in the cluster

and field samples, respectively, taken at the same position in the

multicolour space. The method can also benefit from a 1D posi-
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Figure 10. Results of the extinction determination showing (a) the adopted
isochrone (solid line) and the intrinsic colours of LK12 stars, dereddend
using the expected extinction value for the population. Most stars (plus
signs) were assigned to their lower mass intercept in the isochrone while a
few bluer ones (diamonds) where assigned to the higher mass intercept. The
derived extinction values were interpolated into a local extinction map (b),
with the colour bar indicating the extinction levels, and used to construct the
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Figure9. Colour—colour(left) and colour-magnitude (right) diagrams com-
paring solar metallicity isochrones of log 7 6.0, 6.5 and 7.0. It shows how the
reddening vector (dashed lines) can be used to derive both the extinction and
distance modulus for a particular star, given its possible isochrone intercepts
(diamonds).
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LKI12  20:35:22 42:21:54 174 £ 18 029+£002 092+£007 49 873 £ 0.07 0.65-0.83 318441 034+0.04 034+£002 244 £0.10
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On the Formation of Super-Earths with Implications forthe Solar System
Rebecca G. Martin and Mario Livio

We first consider how the level of turbulence in a protoplanetary disk affects the formation locations for the observed close-in super-Earthsin
exosolar systems. We find that a protoplanetary disk that includes a dead zone (a region of low turbulence) has substantially more materialin the
inner parts of the disk, possibly allowingforin situ formation. For the dead zone to last the entire lifetime of the disk requires the active layer
surface density to be sufficiently small, <100 g/cm”2. Migration through a dead zone may be very slow and thus super-Earth formation followed
by migration towards the star through the dead zone is less likely. For fully turbulent disks, there is not enough materialfor in situ formation.
However, in this case, super-Earths can form farther out in the diskand migrate inwards on a reasonable timescale. We suggest that both of
these formation mechanisms operate in different planetary systems. Thiscan help to explain the observed large range in densities of super-Earths
because the formation location determines the composition. Furthermore, we speculate that super-Earths could have formed in the inner parts
of our solar system and cleared the material in the region inside of Mercury's orbit. The super-Earths could migrate through the gas disk and fall
into the Sunif the disk was sufficiently cool during the final gasdisk accretion process. While it is definitely possible to meet all of these
requirements, we don't expect them to occurin all systems, which may explain why the solar systemis somewhat special in its lack of super-
Earths.
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Photo-reverberation Mapping of a Protoplanetary Accretion Disk arounda T Tauri Star
Huan Y. A. Meng et al

Theoretical models and spectroscopic observations of newborn stars suggest that protoplantary disks have aninner "wall" at a distance set
by the diskinteraction with the star. Around T Tauri stars, the size of this disk hole is expected to be ona 0.1-AU scale that is unresolved by
current adaptive optics imaging, though some model-dependent constraints have been obtained by near-infrared interferometry. Here we
report the first measurement of the inner disk wall around a solar-mass young stellar object, YLW 16B in the {¥rho} Ophiuchi star-forming
region, by detecting the light travel time of the variable radiation from the stellar surface to the disk. Consistent time lags were detected on
two nights, when the time series in H (1.6 {¥mu}m) and K (2.2 {¥mu}m) bands weresynchronized whilethe 4.5 {¥mu}m emission lagged by
74.5 +/- 3.2 seconds. Considering the nearly edge-on geometry of the disk, the inner rim should be 0.084 AU from the protostar on average,
withanerror of order 0.01 AU. This size is likely larger than the range of magnetospherictruncations, and consistent with an optically and
geometrically thick disk front at the dust sublimation radiusat ~1500 K. The widths of the cross-correlation functions between the data in
different wavebands place possible new constraints on the geometry of the disk.
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Dynamical ejections of massive stars from young star clusters under diverse initial conditions
Seungkyung Oh and Pavel Kroupa

We study the effects of initial conditions of star clusters and their massive star population on dynamical ejections of stars from star clusters uptoan
age of 3 Myr, particularly focusing on massive systems, using a large set of direct N-body calculations for moderately massive star clusters
(Mecl=$107{3.5}S Msun). We vary the initial conditions of the calculationssuch as the initial half-massradius of the clusters, initial binary populations
for massive stars andinitial mass segregation. We find that the initial density is the most influential parameter for the ejection fraction of the massive
systems. The clusters with aninitial half-mass radius of 0.1 (0.3) pc can eject up to 50% (30)% of their O-star systems on average. Most of the models
show that the average ejection fraction decreases with decreasing stellar mass. For clusters efficient at ejecting O stars, the mass function of the
ejected stars is top-heavy compared to the given initial mass function (IMF), while the mass function of stars remaining in the cluster becomes slightly
steeper (top-light) than the IMF. The top-light mass functions of stars in 3 Myr old clusters in our N-body models are in good agreement with the
mean mass function of young intermediate mass clusters in M31 as found by Weisz et al.. We show thatthe multiplicity fraction of the ejected
massive stars can be as high as60%, that massive high-order multiple systems can be dynamically ejected, and that high-order multiples become
common especiallyin the cluster. Furthermore, binary populations of the ejected massive systemsare discussed. When a large survey of the
kinematics of the field massive stars becomes available, e.g through Gaia, our results may be used to constrain the birth configuration of massive
stars in star clusters.
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Figure 2. Examples of different outcomes in binary-binary scattering events and the corresponding Feynman diagrams. In the diagrams, the paths of two stars

are placed close together when they are bound, and the wavy lines represent gravitational perturbations.
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Fig. 8. Mass function slopes for all (individual) stars with mass >2 M.
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Mass segregation in star clusters is not energy equipartition
Richard J. Parker, Simon P. Goodwin, Nicholas J. Wright, Michael R. Meyer and Sascha P. Quanz

Mass segregationin star clusters is often thought to indicate the onset of energy equipartition, where the most massive starsimpartkinetic
energy to the lower-massstarsand brown dwarfs/free floating planets. The predicted net result of this isthat the centrally concentrated massive
stars should have significantly lower velocities than fast-moving low-mass objects on the periphery of the cluster. We search for energy
equipartition ininitially spatially and kinematically substructured N-body simulations of star clusterswith N = 1500 stars, evolved for 100 Myr. In

clusters that show significant mass segregation we find no differencesin the proper motions or radial velocities as a function of mass. The kinetic
energies of all stars decrease as the clusters relax, but the kinetic energies of the most massive stars do not decrease faster than those of lower-
mass stars. These results suggestthat dynamical masssegregation - which is observed in many star clusters- is not a signature of energy

equipartition from two-body relaxation.
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Mass segregation ratio
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Figure 4. Kinetic energy as a function of stellar mass for the initial con-
ditions (dark grey points) and at 100 Myr (light grey points). The median
kinetic energies for equally spaced mass intervals are shown by the error
bars, where the horizontal error bars indicate the mass range, and the vertical
error bars are the interquartile range of kinetic energies. The black error bars
are for the initial conditions; the red error bars are the values at 100 Myr.
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