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Abstract   

 

Studying planetary nebulae (PNe) is crucial for understanding late-stage stellar 

evolution and the chemical evolution of our entire Galaxy. This research focuses 

on discovering the central star of a planetary nebula (PN) that mimics massive 

Wolf–Rayet (WR) stars. My tasks include sorting data tables, processing fits files, 

and measuring the intensity of different emission lines.  The primary method 

used in the project is analysing the data from the cutting-edge database ----

HASH (Hong Kong / AAO/ Strasbourg H-alpha PN research platform). Using the 

data available in HASH, we investigated the features of these candidates and 

analysed their properties to facilitate quantitative classification. It dramatically 

increases the number of central stars of planetary nebula that mimics Wolf-

Rayet features, which can significantly facilitate further understanding of late-

stage stellar evolution.  

 

  

 

 

 

 

 

 

 

 

 

 

 



Introduction  

A planetary nebula is a fascinating astronomical phenomenon that occurs at the 

end of the life of a star of intermediate mass, about 1-8 solar masses. The 

formation of a planetary nebula begins when a star exhausts its nuclear fuel, 

causing it to expand into a red giant. In this phase, the star's outer layers become 

increasingly unstable and are eventually expelled into space due to strong stellar 

winds. Once the red giant's atmosphere has dissipated, it creates a shell of 

ionised gas surrounding the remaining core. This core emits intense ultraviolet 

radiation that ionises the expelled gas. The ultraviolet light being absorbed 

energises the surrounding shell of nebulous gas, making it glow with vibrant 

colours and creating a striking planetary nebula. Over time, the planetary nebula 

will disperse into the interstellar medium, enriching it with heavier elements 

produced during the star's life and death. This process contributes to the cosmic 

cycle of matter, helping to form new stars and planets.  

     

NGC 7293, the Helix Nebula                 NGC 6302 Butterfly Nebula 

 

It's vital to study PNe astrophysics since it profoundly facilitates our 

understanding of both the late-stage stellar evolution of low and intermediate-

mass stars and the chemical evolution of our entire Galaxy (Frew & Parker 2010; 

Frew & Parker 2012). Even though they are ephemeral, compared with 

considerably longer stellar evolution, they are very luminous, making them 

https://en.wikipedia.org/wiki/Helix_Nebula
https://en.wikipedia.org/wiki/Helix_Nebula
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=NGC+6302
http://simbad.u-strasbg.fr/simbad/sim-id?Ident=Butterfly+Nebula


visible to great distance. The ionised shells of PNe showcase numerous strong 

emission lines, making them excellent subjects for plasma physics studies. By 

analysing these strong lines, many properties, such as the expansion velocity, 

size, and chemical components of PNe, can be revealed, which further probes 

the physics and timescales of stellar mass loss. Additionally, PNe enables us to 

derive the luminosity, temperature, and mass of their central stars (CSPNe) and 

the ejected gas's chemical composition. Their intricate shapes offer insights into 

their formation and evolution, the processes of mass loss, and the potential 

influence of magnetic fields, binary central stars, or even massive planets. In 

summary, PNe is a powerful astrophysical tool, providing a unique window into 

the soul of late-stage stellar evolution (Karakas et al. 2009).             

 

Professor Parker has led programs that have doubled the totals accumulated 

over the previous 250 years(Parker, Phillipps & Morgan 1999). Following this 

motivation, they have provided an accessible, reliable, online "one-stop" SQL 

database for essential, up-to-date information for all known Galactic PN called 

HASH (Hong Kong / AAO/ Strasbourg H-alpha PN research platform). The specific 

project below will be built on and make use of this world-leading new resource.  

 

 

Screenshot of HASH database 



 

In this study, we focus on the discovery of planetary nebulae (CSPNe) that show 

Wolf-Rayet (WR) emission features. A Wolf-Rayet star is a rare and massive type 

of star that is in a late evolutionary stage. These stars are known for their strong 

stellar winds, which can blow away significant amounts of their mass. They 

exhibit broad emission lines in their spectra, indicating the presence of elements 

like helium, carbon, and nitrogen. Wolf-Rayet stars typically have surface 

temperatures exceeding 30,000 Kelvin and are often more than 25 times the 

mass of the Sun. Their intense luminosity and rapid evolution make them 

important contributors to the chemical enrichment of the universe, often leading 

to supernova explosions at the end of their life cycles. 

 

This research centres on identifying the central star of a planetary nebula (PN) 

that exhibits characteristics of Wolf-Rayet (WR) stars. This study aims to 

enhance our comprehension of the processes involved in late-stage stellar 

evolution by analysing data from the HASH database.  

 

 

 

 

 

 

 

 

 

 

 



 

Methodology  

 

I want to kindly note that the truly professional classification and data 

processing in astrophysics is beyond my current academic level, and my main 

job was assisting Professor Parker and Dr Ritter while trying my best to learn 

relevant skills. Tasks I undertake include sorting data tables, processing fits files, 

and measuring the intensity of different emission lines. Also, all the data still 

requires further processing and updating.  

 

Professor Parker has long been making detailed notes on each PNe recorded in 

HASH. Based on these comments, Dr. Ritter developed a program to find all 

CSPNe with WR features mentioned in the note. While reading several academic 

essays to absorb new knowledge, I collected the properties of CSPNe from the 

SIMBAD database and sorted them into table. In this process, I became familiar 

with the HASH and SIMBAD databases and learned how to apply Python 

programs to capture and classify all the data. A few examples of [WR] CSPN 

spectra are shown below. 

 

Spectra of PNG 313.4+06.2 



 

 

Spectra of PNG 040.1+03.2 

 

However, given that the coordinates of objects may vary slightly between 

different databases, a single input could lead to 0/1/2 outputs in SIMBAD. Thus, 

it takes me a long time to examine all the data individually to ensure a one-to-

one correspondence relationship. After sorting out all the data, I picked out all 

the CSPNe with the WR feature but without any classification records, where we 

have our first group of candidates for newly discovered WR stars. The table is 

attached as below.  

 

 

First version of candidates 

After all the candidates were picked out, we started measuring the intensity of 



different emission lines to ensure the quantitate classification. Under the 

guidance of Dr. Ritter, I have a better command of Python, focusing on the usage 

of Pandas and Numpy, to further prepare myself for the data analysing task.   

 

The initial step in processing fits files involves the removal of the continuum, 

which refers to the smooth and continuous spectrum of electromagnetic 

radiation emitted by astronomical objects, as opposed to discrete lines at 

specific wavelengths. To quantify absorption features in spectra, it is essential to 

eliminate the overall concave shape of the spectrum. This normalization 

process, also known as "continuum removal", enables the comparison of 

spectra collected from different instruments or under varying lighting conditions. 

Under the instructions of Dr. Ritter, I have learned to automate the continuum 

removal process using Python programming techniques.  

 

After removing all the continuum of the spectrum, we measured emissions lines 

that are essential to the classification of all the spectrum, including [SII] 6716 & 

6731, [NII] 6548 & 6583, Hα 6563, Hβ 4861, [OIII] 4959, 5007. The line intensities 

were measured by integration over the line (area in emission over the 

continuum). I learned various methods from Dr. Ritter to measure emissions 

lines' intensity, from interactive images to automatic processing.  

 

Now, I will introduce the method of measuring emissions lines. We set a function 

named fit_lines with three inputs: fitsFile, RoughxRange, and save, referring to 

the fitsFile of PNe, the rough range for each emission line (ie. (4820,4900) for Hβ 

4861, (4945,4980) for [OIII] 4959, (4990,5020) for [OIII] 5007, (6535,6556)  for 

[NII] 6548, (6554,6572) for Hα 6563, (6572,6600) for [NII] 6583, (6705,6724) for 

[SII] 6716 and (6725,6740) for [SII] 6731), and when assigning path to save, it will 

anatomically save the image of each emission lines following the path.   

 

We first find all the local maximums in the rough range, then pick out the one 



with the most outstanding value, which is most likely to be the peak of the 

emission lines. After locating the peak, the standard deviation of the data within 

this rough range is calculated to decide whether the emission lines have a high 

signal-to-noise ratio (S/N). The program then checks whether the maximum 

value exceeds two and a half times the standard deviation. If it does not, it prints 

"low quality" and halts further integration. If the quality is sufficient, the program 

finds the first local minima on both the left and right sides of the peak, which 

define the intervals for integration.  

 

 

 

 



 

 

After processing all the fits files with the program, we obtained data for each 

emission line associated with every planetary nebula (PNe) and generated visual 

representations of each emission line. I will review these images one by one to 

ensure that they are all fitted correctly. For situations where improvements 

required, such as under the cases of overlapping lines, I will remeasure to ensure 

the accuracy of the data.  

 

Part of table containing intensity of each emission lines 

 

 



 

Image of different emission lines 

Conclusion 

In conclusion, this research significantly enhances our understanding of 

planetary nebulae and their central stars, particularly those exhibiting Wolf-

Rayet features. By utilizing the HASH database and developing methods for 

precise emission line measurement, we identified several candidates for central 

stars of planetary nebulae. This work not only increases the catalog of known 

objects but also provides critical insights into the late-stage stellar evolution 

processes, contributing valuable data for future studies in astrophysics. 

 

Future research will be crucial in advancing our understanding of the central 

stars of planetary nebulae. Expanding data analysis to include larger datasets 

will help identify additional candidates exhibiting Wolf-Rayet characteristics, 

enriching our catalog. Detailed spectroscopic studies of these candidates can 

refine their classifications and provide deeper insights into their evolutionary 

states. Additionally, developing theoretical models to simulate the late-stage 

evolution of these stars will contextualize our observations and enhance our 

understanding of stellar life cycles. Collaborative efforts with other research 

institutions could also foster knowledge sharing and lead to significant 

breakthroughs in the chemical processes driving stellar evolution. 



Self-Reflection 

As a passionate first-year student of physics, participating in a research project 

this summer was a significant milestone for me. This experience not only 

deepened my understanding of physics but also provided me with invaluable 

skills and insights that will shape my academic journey. 

I realized that learning in a classroom is fundamentally different from engaging in 

actual research. I encountered numerous challenges. Among them, the most 

significant one is the limited knowledge I have gained after just one year of 

university study. Fortunately, my supervisor and mentor, Professor Parker and 

Dr.Ritter was incredibly patient and provided invaluable guidance for me 

throughout this process. As I navigated these challenges, I not only gained 

knowledge but also learned how to confront mistakes, challenge myself, and 

seek help when needed. This experience taught me the importance of resilience 

and adaptability in the face of obstacles. 

Working alongside experienced physicists provided me with an authentic 

glimpse into the life of a researcher. Their dedication and focus were truly 

inspiring. I observed how they approached problems methodically, often 

spending hours refining their hypotheses and experiments. Witnessing their 

passion for discovery fueled my own enthusiasm and motivated me to adopt a 

similar mindset. I began to understand that being a physicist is not merely about 

mastering equations; it’s about cultivating curiosity and resilience in the face of 

setbacks. 

Throughout the project, I also learned the importance of perseverance. Research 

is inherently filled with uncertainties and obstacles, and it was easy to feel 

overwhelmed at times. However, I learned that every setback is an opportunity 

for growth. By maintaining a positive attitude and remaining committed to our 

goals, my team and I were able to navigate challenges effectively. This resilience 

is a lesson I will carry with me as I continue my studies. 

In summary, my summer research experience at HKU LSR was transformative. I 

not only enhanced my technical skills, particularly in programming, but I also 



grew as a leader and a collaborator. I came to appreciate the dedication and the 

importance of perseverance in research, which is needed to be a successful 

physicist. This journey has solidified my commitment to pursuing a career in 

physics, and I am eager to further explore the fascinating world of scientific 

inquiry. The skills and insights I gained during this summer will undoubtedly 

serve as a strong foundation for my future academic endeavors. 

 

 

 

Reference 

Acker, A., & Neiner, C. (2003). Quantitative classification of WR nuclei of 

planetary nebulae. Astronomy & Astrophysics, 403(2), 659–673. DOI: 

10.1051/0004-6361:20030391 

 

Frew, D. J., & Parker, Q. A. (2010). Planetary nebulae: Observational properties, 

mimics and diagnostics. Publications of the Astronomical Society of Australia, 

27(2), 129–148. https://doi.org/10.1071/AS09040 

 

Karakas AI, van Raai MA, Lugaro M, Sterling NC, Dinerstein HL. 2009. 

Nucleosynthesis Predictions for Intermediate-Mass Asymptotic Giant Branch 

Stars: Comparison to Observations of Type I Planetary Nebulae. The 

Astrophysical Journal 690: 1130-44 

 

Morgan, D. H., Parker, Q. A., & Cohen, M. (2003). A unique Galactic planetary 

nebula with a [WN] central star. Monthly Notices of the Royal Astronomical 

Society, 346(3), 719–730 

https://doi.org/10.1071/AS09040

