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Figure 1. IC418, the “Spirograph Nebula”, creative commons image from Hubble Space Telescope
(Courtesy: NASA (adapted from original Hubble Space Telescope image))

For the first time, the famous ‘spirograph’ Planetary Nebula I[C418’s non-explosive stellar evolution has been
captured over an unprecedented period of 130 years—almost double the length of a typical human lifetime.
These results have recently published in the prestigious Astrophysical Journal Letters by Professor Albert
ZIJLSTRA, Professor of Astrophysics at The University of Manchester, and Professor Quentin PARKER,
Director of the Laboratory for Space Research at The University of Hong Kong.

Not only is this a new time record for stellar evolution measured in a Planetary Nebula (PN), or indeed perhaps
for any star, and by a significant margin, but the findings carry profound implications for stellar evolution
itself. Existing models may need to be revised to account for a slower stellar evolutionary process, and the
masses at which carbon stars* can form may also need to be adjusted downward (the PN has evolved from a
fairly massive carbon star, challenging current theoretical predictions).

Piecing Together More Than a Century of Observations

IC418 was one of the first PN ever discovered and one of the brightest, most beautiful and easy to study. PN
are the ejected glowing shrouds of dying stars, where the gas thrown off in these stellar death throes gets
excited and ‘ionised’ by the remnant stellar core. This core is heating up on its way to becoming a so-called
white dwarf. White dwarfs typically end up with diameters about the size of the Earth but with a mass about
0.6 times that of our Sun — so both hot and dense. The ionisation from the contracting and heating results in
narrow emission lines in the ejected envelope from elements such as Hydrogen, Oxygen, Nitrogen and Sulphur
in their optical spectra.

As such, IC418 was also one of the very first to have been observed spectroscopically in 1893, even before
photographic plates were used to take permanent records of what astronomers could discern with their naked
eyes and even before the elements responsible for some of the emission lines were properly identified. This
was the case here for the so-called ‘Nebulium’ lines finally associated with the doubly ionised element Oxygen
in 1927.
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IC418 has fortuitously been observed on a regular basis ever since, decade after decade. This is even as the
technology used to make the spectroscopic observations has evolved from human visual measurements to
photographic plates, electronic cameras and finally the solid-state CCD detectors we use today. Through
careful detective work spanning over 130 years of published observations of IC418, the authors revealed an
interesting evolution in key emissions lines in the blue. The ratio of specific emission lines—hydrogen (H-
beta) to doubly ionised oxygen ([OIll])—has changed significantly over the last 130 years, indicating ongoing
and measurable evolution in the nebula. It is the fastest such significant evolution over the most-extended
period ever seen in a PN or indeed perhaps in any star.

o

THE SECULAR EVOLUTION OF PLANETARY NEBULA 1C 418
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Figure 2. Simple plot showing the changing ratio value of [OIIl] over the Hydrogen Hf emission lines in
IC418 over a 130-year time period. The most reliable data based on 1C418 emission measured across the
entire PN are plotted as filled triangles. Open triangles refer to less reliable measurements usually derived
from wide slits or apertures that do not cover all of the nebula. Open squares show limits. The best fit and
limits are shown that excludes data from narrow slits. (Image adapted from respective journal paper)

Overcoming Challenges in Tracing the Rapid Evolution of IC418

The careful vetting, evaluation and testing of disparate spectroscopic measurements to obtain as consistent a
set of line ratio values as possible over a 130-year time frame was a major challenge, as was the stellar
evolutionary models used to try to understand what was going on. A key result of the work is a well-
determined heating rate for the star from which it is possible to obtain the residual core mass to good accuracy
and from the available initial-to-final mass relations a progenitor mass.

‘We believe this research is important because it offers unique, direct evidence of how PN central stars evolve.
It will prompt us to rethink some of our existing models of stellar life cycles. It’s been a strong joint effort—
collecting, verifying, and carefully analysing more than a century’s worth of astronomical data and then
melding that with stellar evolutionary models,’ said Professor Parker, one of the two co-authors of the research.
‘It’s a challenging process that goes far beyond simple observation, and we’re grateful for the opportunity to
contribute to our field in this way.’

Professor Zijlstra added, ‘We often ignore scientific data obtained long in the past. In this case, these data
revealed the fastest evolution of a typical star that has been seen directly. The past shows that the skies are not

as unchanging as we may think.’

For more details, please refer to the journal paper: https://doi.org/10.3847/2041-8213/adf62b

For media enquiries, please contact HKU Faculty of Science (tel: 852-3917 4948/ 3917 5286; email:
caseyto@hku.hk / cindycst@hku.hk).
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Supplementary Information

* About Carbon Star

A carbon star is a luminous, cool, red giant star with an atmosphere that has more carbon than oxygen. Most
stars, including our Sun, are oxygen-rich. The carbon abundance facilitates the formation of carbon
compounds in the stellar atmosphere, giving it a ruby-red colour. Source: NASA.

Facts about 1C418

The Object

R.A. Position 05h 27m 28.2s

Dec. Position -12° 41' 50.25"

Constellation Lepus

Distance: About 2000 light-years

Dimensions: The nebula is about 0.2 light-years or 13,000 AU (18 arcseconds) in diameter

Data Description

Principal Astronomers: R. Sahai and J. Trauger (JPL) A. Hajian (USNO), Y. Terzian (Cornell), B. Balick (Univ.
Washington), H. Bond and N. Panagia (STScI)

Instrument: HST WFPC2

Exposure Dates: February 1999, and September 1999, Exposure Time: 35 minutes

Filters: F502N [O III], F656N (Ha), and F658N [N II]
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