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Motivations

• Stars born with the Sun in the parent cluster (<100 
Myr) are called solar siblings

• Benefits:

Wielen et al. 2009, Nieva & Pryzbilla 2012

• determine birthplace: Does Sun migrated outward (by ~2 
kpc) or inward?

• constrain the parameters of the parent cluster



Can we find solar siblings?
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Figure 2. Top view of the Galaxy. The orbit of the Sun for the last 4.6 Gyr is
presented with the thin dotted curve, starting at the arrow. The Sun is currently
located at x = 8.5 kpc with y = 0. A total of 1000 stars from a star cluster
with the parameters used in Figure 3 were followed together with the Sun and
evolved through time for 4.6 Gyr, their final positions are plotted as bullets.

the integration and are therefore affected by variations in the
potential in a similar fashion.

4. FINDING THE LOST SIBLINGS OF THE SUN

We pursue by constructing model star clusters that mimic
the one in which the Sun was born. These star clusters are
assumed to dissolve along the trajectory of the Sun in the Galaxy,
shedding their stars in radial orbits with the escape speed of the
cluster. In this way we are able to calculate the fraction of the
stars from that particular part of the orbit that today are still in
the vicinity of the Sun. In Figure 3, we present the fraction of
stars that can be found in the solar neighborhood as a function
of the moment that the star escaped from the parent cluster.

The fraction of brothers and sisters of the Sun that are still
within 100 pc of our current location in the Galaxy is about 1% if
the proto-star cluster dissolved shortly after the formation of the
Sun, and the fraction increases to ! 8% if the cluster survived
longer (see Figure 3). The fraction of siblings within a kpc is at
least ! 10%. The majority is located around the past and future
orbit of the Sun in the Galactic disk and within about 100 pc of
the Galactic plane. This is a consequence of the relatively low
velocity dispersion of the cluster compared to the orbital motion
around the Galactic center.

Today, we should still be able to recognize the siblings along
the orbital trajectory of the solar system in the Galaxy. If the
Sun happens to be on a different orbit this will reflect in the
orbits of its siblings. The distribution of proper motions and
distances of these stars is presented in Figure 4 where we show
the result from a cluster of 2048 stars with a 1 pc virial radius
that dissolved 4.6 Gyr ago. The proper motions and distances of
these stars change in a characteristic way, indicated by the solid
curve and in the direction of the two arrows.

The majority of our lost siblings are easily identified by the
Gaia astrometric satellite or by ground based searches. We are
still surrounded by them, even though they hide among millions
of other ordinary looking stars. What enables us to recognize the
other siblings are their orbital characteristics, which should be
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Figure 3. Fraction of siblings of the Sun which are still in the neighborhood
as a function of how long ago the parental cluster dissolved. The stars within
100 pc (bullets) and those within 1 kpc (circles) are fitted by a straight line
(dotted curves). The vertical error bars for the 1 kpc calculations represent
the one standard deviation from the mean and are based on calculating the
trajectories of 2048 stars which were born in a virialized Plummer sphere with
M " 920 M# and R = 1 pc in the Galactic potential. The fraction of nearby
siblings depends only weakly on the uncertainty in the current position and
velocity of the Sun.
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Figure 4. Characteristic pattern of the proper motion and distance of the stars
in the solar neighborhood that once belonged to the same star cluster. In this
case, we assumed that the star cluster dissolved quickly upon the formation and
pollution of the Sun, ! 4.6 Gyr ago. The curve overplotted with the data points
represent solar orbit with a slight offset of 10 pc along the x-axis and with a
10 km s$1 higher velocity in the x-direction. The two arrows indicate how the
distance and proper motion change with time for stars that approach the solar
position (right arrow) or are ahead of the Sun (left arrow).

comparable to the Sun. In Figure 2, we present the distribution
of stars that once belonged to the proto-solar cluster; they are
currently observable along the orbit of the Sun in the Galaxy.
The best place to look for the lost siblings is along the trajectory
of the Sun in the plane of the Galaxy, in leading and trailing
orbits around the Galactic center. Identifying those stars will
provide stringent limits on the Sun’s orbit around the Galactic
center and gives us a unique window to study the conditions of
the star cluster in which the Sun was born.

This work was supported by the Netherlands Research School
for Astronomy (NOVA). I am grateful to Daan Porru for
discussions and to Douglas Heggie for comments on the

* Birthplace of the Sun is ~1 kpc further outer

Sun

Portegies Zwart et al. 2009

birth place

* About 10-60 siblings within 100 pc from the Sun

• Simulations: 

• axisymmetric component + test particles

• integrate the Sun’s orbit backward in time



Our sample

• The methodology developed in Brown et al. (2010) is used to 
select candidates from the Hipparcos Catalogue

• Exclude very young stars 
(B-V < 0.4)

• 57 candidates were selected, while 
high resolution (>48000) and SNR 
(>150) spectra (UVES, FIES, 
FEROS) of 33 targets were 
observed  (B−V)
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Stellar parameters

• Partly physical method: Teff, [Fe/H], Vsini and elemental abundances 
from spectra, while log g from parallaxes

• Stellar ages are estimated from Y2 isochrones by maximising 
probability distribution functions

Spectral analysis

 Demarque et al. 2004

Isochrones:
Solar metallicity,
1, 3, 5,  and 6 Gyrs
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• Reconstruct dissolved star clusters

• Assumption: chemical homogeneity for cluster stars

• Mitschang et al. (2013) method is used to identified solar siblings based on [X/Fe]
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Chemical tagging

 Freeman & Bland-Hawthorn 2002



Potential solar siblings

• Chemically tagged as solar siblings: HIP 21158, 
24232, 40317, and 73600

• HIP 24232 and 73600:  age < 2 Gyr

• Key targets: 

– HIP 21158 ([X/H]≃0.1, Age=5.2 Gyr)                      ✗

– HIP 40317 ([X/H]≃0, Age=3.7 Gyr, RV=34.2 km/s)    ?



Dynamical analysis of solar siblings

• Analytical model: axisymmetric 
component (bulge, disk, DM 
halo) + spiral arms + bar

• Distribution of solar siblings: 
highly dispersed or a ring like 
region

• More details on Galactic 
model: Liu et al. 2014 & 
Martinez-Barbosa et al. 2015
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• Most of RVs lie between -10 
to 10 km/s 

• Very low (2.5%) probability to 
find high RV (> 30 km/s) solar 
siblings

• This do not directly support 
the solar sibling status for HIP 
40317
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Results of 
simulations:



Conclusions

• Potential candidate HIP 40317: chemically tagged while it 
is not directly supported by dynamical arguments

• Very small fraction of candidates (1/33≃0.03) could be 
solar siblings ⇒ parent cluster might be highly dispersed

• There is possibility that single solar sibling can be 
accelerated to high RV by some extra sources, e.g. GMCs

• Paper on arXiv:1411.5938



Thanks!


