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Figure 1: Observed and simulated images of the young binary star SR24
(distance: 520 light years). A. Infrared image of SR24 and associated disks. The
regions gravitationally bound to each star (Roche Lobes) are indicated by dotted
lines (for the inner regions) and dashed lines (for the outer regions). (©The
graduate University for Advanced Studies & the National Astronomical
Observatory of Japan) B. Snapshot of the buildup of materials onto the binary
system SR24 based on two-dimensional numerical simulations. The colors
designate the distribution of surface densities and the arrows, the distribution of
velocity. (© Chiba University)

(PhysOrg.com) -- A team of astronomers from The Graduate University
for Advanced Studies, the National Astronomical Observatory of Japan,
and other universities have captured the first direct image of a young
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binary star system. Using the Coronagraphic Imager with Adaptive
Optics (CIAO) mounted on the Subaru Telescope, the team observed the
young binary star SR24, which is located in the constellation Ophiuchus,
520 light years away.

Our understanding of the creation and development of stars and planets
has advanced substantially in the past two decades. Research has
confirmed that new stars are often surrounded by disks of dense gas
(“protoplanetary disks”) from which planets are believed to form; the
radii of these disks can extend distances up to several hundreds times
farther than the distance between the Sun and the Earth. Scientists have
intensively studied the structure of protoplanetary disks at various
electromagnetic wavelengths, and our knowledge of the mechanisms of
single star formation has increased considerably. Nevertheless, most
stars form in binary or multiple (more than two stars) systems, and many
unanswered questions remain about how they are born and develop (see
Figure 2 for a numerical simulation of binary formation and Figure 3
and the movie for the birth of a binary system). Consequently, studies of
protoplanetary disks in binary and multiple systems are essential for
making generalizations about the processes of star and planet formation.

  
 

  

 Three-dimensional numerical simulation image of young binary star system. (©
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Hosei University)

In a binary system, two stars orbit around a common center of mass. The
brighter or more massive star is referred to as the primary star and the
fainter or less massive one is called the secondary star. A disk of gas and
dust surrounds the primary star (“circumprimary disk”); another disk
encircles the secondary star (circumsecondary disk). A third disk
(“circumbinary disk”) may ring the primary and secondary stars and
supply mass to the stars’ disks through a stream of gas. Spiral arms of gas
and dust may extend from the stars’ disks to feed them with material
from the circumbinary disk, thus contributing to the development of
their circumstellar disks. However, such disks and spiral arms in binary
or multiple systems have rarely been directly imaged or resolved—until
now.

The July 2006 observations of the young binary star SR24 by
astronomers Dr. Satoshi Mayama (The Graduate University for
Advanced Studies or SOKENDAI), Dr. Motohide Tamura (National
Astronomical Observatory of Japan or NAOJ and SOKENDAI), Dr.
Masahiko Hayashi (NAOJ and SOKENDAI) and colleagues have
corrected this deficit and provided data that can be used to test theories
about binary system formation. The team captured a high-resolution,
near-infrared image of the circumprimary and circumsecondary disks of
SR24, the first such image of twin protoplanetary disks around a young
stellar object (Figure 1A, Figure 4). They also discovered a long spiral
arm extending out from the circumprimary disk, another first in
observations of young stars. The image shows a bridge of gas connecting
the two disks. The observations provide the first data that can be used to
test theoretical models of mass accretion in binary systems.
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Left panel: Wide-field three-color composite image of the environment around
the constellation Ophiuchus, where SR24 is located. (Obtained with the 1.4 m
telescope IRSF [Infrared Survey Facility] at the South African Astronomical
Observatory [SAAO]) (© The Graduate University for Advanced Studies) Right
panel: Image of the young binary system SR24. Obtained with the 8.2m Subaru
Telescope. (© The Graduate University for Advanced Studies)

  
 

  

Diagram of the birth of a binary (© Hosei University) The team observed the
young binary SR24 in its formative stage and detected three disks for the first
time. These are portrayed in the figure. Arrows denote the velocity distribution
of materials in this figure. In a binary system, the brighter star is called the
primary star and the fainter star, the secondary star. While a single star has only
one circumstellar disk, a binary has three types of disks. In a binary system, both
the primary and secondary stars orbit each other and have circumprimary and
cirumsecondary disks respectively. The entire system can be surrounded by a
circumbinary disk. Numerical simulation leads to the assumption that there is a
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stage when a young binary is associated with all three disks.

Astronomers Dr. Tomoyuki Hanawa (Chiba University) and Dr.
Tomoaki Matsumoto (Hosei University) analyzed the young binary star
and collected information about its attributes. Using a supercomputer,
they performed two-dimensional numerical simulations of accretion
from a circumbinary disk and were able to generate stellar structures
(Figure 1B) that shared common features with the observed image. The
agreement between the observations and the simulation suggests that
fresh material streams along the spiral arm, replenishing the
circumprimary disk with a reservoir of gas contained in a circumbinary
disk. As reported in this article, the 0.1 arcsecond image shows the
supporting structures of twin protoplanetary disks, which are fed with
planet-building materials. Such an image cannot be reproduced by
spectroscopic observations or studies of models of spectral energy
distribution. The simulations also confirm that the bridge between the
twin disks corresponds to gas flow and a shock wave caused by the
collision of gas rotating around the primary and secondary stars. The
comparison of the simulations with the observation demonstrates a
mechanism for how protoplanetary disks interact in young binary
systems.

These findings are a testament to the significance of this first direct
observation of a binary system that is in the process of forming. They
lead to a better understanding of the process of star and planet formation
in a binary system by clarifying the role of supporting structures in
maintaining the binary system.

  More information: These findings were published in the November
19, 2009 edition of Science Express in an article entitled “Direct
Imaging of Bridged Twin Protoplanetary Disks in a Young Multiple
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Star” by S. Mayama et al. and will be subsequently published in Science.

Provided by Subaru Telescope

Citation: First Direct Imaging of a Young Binary System (2009, December 15) retrieved 17 April
2024 from https://phys.org/news/2009-12-imaging-young-binary.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

6/6

https://phys.org/news/2009-12-imaging-young-binary.html
http://www.tcpdf.org

