A blue ring nebula from a stellar merger
several thousand years old
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Binary star systems

In 1617, Galileo Galile1 turned his telescope toward the
second star from the end of the handle of the Big Dipper,
discovering that one star seemed to be two.
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In recent decades, knowledge of stellar multiplicity has
greatly expanded 1n observations and theories, due to
improvements in istrumentation and larger, more
uniform samples.
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Binary star systems

® (lassification based on their orbit:
o Wide binaries
o Close binaries

® Classification based on how they are observed:
o visual / spectroscopic / eclipsing / astrometric ......
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Stellar mergers are common

Cumulative fraction of O stars at birth
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Stellar mergers are common
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Implications of mergers

® Atypical stars (e.g. magnetic stars, blue stragglers, rapid rotators)

® Interpretation of stellar populations
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Observation of possible merger systems A B I L
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A “blue” ring nebula

BICONICAL GEOMETRY

Side View
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® ring-shaped and smooth
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® extending ~ 8 arcmin
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A “blue” ring nebula

BICONICAL GEOMETRY ® expanding 1mn opposite
directions with

Voo £ 400km/ s

Side View

® abipolar outflow originating

Earth View

from a center star
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Center star: TYC 2597-735-1 in the thick-disk population
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Prominent Ha line emission and Excess infrared radiation
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Line profile and Radial velocity variations
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Test Scenario of Merger: MESA

o Alow mass companion (M, ~ 0.1M )

reasonably reproduces similar properties o Predicting ~ 0.1 B-mag brighter a century ago.
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Evolution from the best-fit model M,,: the primary star (red)

M _: the companion star (yellow)
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Evolution from the best-fit model M,,: the primary star (red)

PR bty L

W 27711 | —
) %%%@S;;;\Uhde/;—“

!!!!! \\\\ Gt P

i
////

puffs up and brighten

a bipolar outflow

expand and cool to form dust and molecules

M _: the companion star (yellow)

The forward shock id seen in
UV and Ha emission outlining
the nebula today



Summary

Stellar mergers are a brief-lived but common phase in the evolution of binary
star systems, which may lead to implications such as creation of atypical stars.

An observations of an unusual, ring-shaped ultraviolet nebula shows two
opposing fronts, suggesting a bipolar outflow from TYC 2597-735-1.

The combined observations, paired with stellar evolution models, suggests
TYC 2597-735-1 merged with a lower-mass companion several thousand
years ago.

TYC 2597735-1 poses a unique opportunity to study post-merger morphology
as the only known merger system not enshrouded by dust.




Possible Question ?

o Question 1: Is there any other system or model except stellar merger, which
can explain the observation phenomena of this nebular system?

o Question 2: Dust 1s always observed 1n the ejecta of stellar mergers as
previous observation, but why we don’t find evidence of dust 1n the ultraviolet
nebula?




