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The goal of this paper is to summarize the results of having taken many photos of the 

type II supernova 2022wsp over the course of a month and analyzing these photos to 

graph the change in the supernova’s magnitude over time as a light curve. By doing so, 

the resulting graph is fitted to a projected graph of known supernovae light curves, and 

analyzed to determine whether 2022wsp has the potential to become either a black hole 

or a neutron star.

Introduction:
Supernovae study has always been an extremely interesting and informative

area of astrophysics study. From informing us about the expansion of the

universe1 to the rate of its expansion2, supernovae hide all sorts of secrets in

regards to the nature of our universe. Essentially, a supernova is a transient

astronomical event that occurs when a star enters the last stage of its evolution.

The mass that the star has accrued becomes too much for it to handle, and it

collapses in on itself, expanding and eventually exploding. Not all supernovae

end up with the same fate. Though they are all caused by an imploding star, the

result of said implosion is quite different. Type I supernovae generally leave

nothing behind, becoming a large cloud of gas known as a supernova remnant,3

a subclass of a nebula. Unlike their type I counterparts, type II supernovae leave

3 Reynolds, S. P. (2008). Supernova Remnants at High Energy. Annual Review of Astronomy and
Astrophysics, Vol. 46, 89-126.
https://www.annualreviews.org/doi/10.1146/annurev.astro.46.060407.145237

2 Leibundgut, B.; Sollerman, J. (2001). A Cosmological Surprise: The Universe Accelerates. Europhysics
News, Vol. 32, No. 4. http://www.eso.org/~bleibund/papers/EPN/epn.html

1Reiss, A. G.; Filippenko, A. V.; Challis, P.; Clocchiatti, A.; Diercks, A.; Garnavich, P. M.; Gilliland, R. L.;
Hogan, C. J.; Jha, S.; Kirshner, R. P.; Leibundgut, B.; Phillips, M. M.; Reiss, D.; Schmidt, B. P.;
Schommer, R. A.; Smith, R. C.; Spyromilio, J.; Stubbs, C.; Suntzeff, N. B.; Tonry, J. (1998). Observational
Evidence from Supernovae for an Accelerating Universe and a Cosmological Constant. The Astronomical
Journal, Vol. 116, Issue 3, 1009-1038. https://ui.adsabs.harvard.edu/abs/1998AJ....116.1009R/abstract



behind a new celestial body in the wake of their expansion, becoming either a

neutron star, pulsar, or black hole.

With this distinction between the two main types of supernovae, supernovae light

curves have always been a window into the nature of these dying celestial

bodies. Type I supernovae have light curves with a sharp maxima that gradually

declines, while type 2 supernovae have less sharp of a maxima.4 There are many

ways of graphing these light curves, with simple methods such as downloading

data directly from the Kepler satellite and graphing the light curve using this data.

Recent developments in this field have even been able to use existing data as

well as simulated LSST SNe light curves in order to train a neural network that is

able to classify different types of supernovae based on even small sections of

light curves5. For the purpose of this experiment, Kepler data will not be used, but

rather data taken by the LCO SBIG STL-6303 camera. The focus will be the

supernova 2022wsp, which is visible over the period 10/19/2022 to 11/19/2022,

and is known to be a type II supernova. Another note is that a light curve is

generally done over the course of many months. Since the duration of this course

does not allow for this, this observational experiment will result in a much more

limited light curve with a period of just one month. The hope for this experiment is

that the light curves generated from the methods used in this experiment can be

fitted to existing light curves of previously examined supernovas to predict

whether the supernova will become a neutron star, pulsar, or black hole.

Methods:
Acknowledgement: This work makes use of observations from the Las Cumbres

Observatory global telescope network. This paper is based on observations

made with the SBIG STL-6303 instrument, using only 0.4m diameter lenses and

Bessel B and V filters, operated by Las Cumbres Observatory.

5 Qu, H.; Sako, M. (2022). Photometric Classification of Early-time Supernova Light Curves with SCONE.
The Astronomical Journal, Vol. 163, No. 2. https://iopscience.iop.org/article/10.3847/1538-3881/ac39a1

4 Woosley, S. E.; Kasen, D.; Blinnikov, S.; Sorokina, E. (2007). TYPE Ia SUPERNOVA LIGHT CURVES.
The Astrophysical Journal, 662, 487-503. https://iopscience.iop.org/article/10.1086/513732/pdf



This observational experiment began with an exploration of Purdue University’s

supernova database: https://www.rochesterastronomy.org/supernova.html.

Originally, the experiment was intended to graph two different light curves; one

from type I, and another from type II. However, when submitting the LCO

request, it was found that the amount of time it would take for both requests

would be longer than the allotted time for a request, so the experiment was

limited to just graphing the light curve of a type II supernova instead. Upon using

the LCO’s visibility tool (https://lco.global/observatory/tools/visibility/) with a time

frame of 10/19/2022 to 11/19/2022, the type II supernova 2022wsp was decided

on. There were other candidates as well, such as 2022aagp, but ultimately

2022wsp seemed to have the highest visibility throughout this time period. The

two filters chosen for this observational experiment were Bessel-B and Bessel-V.

Multiple filters were chosen just to see if there is any discrepancy between them.

The next step was to do the signal to noise ratio calculation in order to determine

the correct exposure time for the LCO camera. The cameras available to

students were of a size 0.4m, which after doing a search on the LCO website

meant that we would be using the SBIG STL-6303 camera. The documentation

and parameters needed for the S/N calculation was found by searching up the

correct manual online.6 Some variables, such as dark current, telescope

efficiency, and background flux from sky, used approximated values since they

are dependent on the condition of the telescope, which is both unknown to

students and potentially variable. The point source signal flux on the telescope

was found by converting the 15.4 magnitude of the supernova, which was about

5.43 (photons s-1 cm-2). Using Google Sheets to organize my data and calculate

using said data, I found that 50 seconds of integration time would yield great

results, and optimize the amount of time allowed for the LCO request. At the TA’s

suggestion, 10 exposures were taken over this integration time, with photos

being taken every 2 days.

6 http://www.astro.iag.usp.br/~oc/manuais/STL_6303_manual.pdf

https://www.rochesterastronomy.org/supernova.html
https://lco.global/observatory/tools/visibility/


AstroArt 8 was used to determine if the data was usable. Mainly, if the supernova

and surrounding stars were visible. Using noise reduction techniques, the image

quality is drastically improved:

Seeing that the stars are visible, two more pieces of information are needed:

around 4 reference stars and their respective magnitudes and locations, as well

as the location of the supernova within the image. Handily, it is pretty easy to find

the latter. By right clicking on a star, there is an option to “edit star.” Choosing to

do so will reveal the right ascension and declination of the star.



Choosing 4 other stars in the image as reference stars and using the “edit star”

function on each of them, their pixel location in the image as well as their right

ascension and declination are recorded. Then, using these right ascensions and

declinations in the Simbad Database, the magnitudes of these reference stars

are recorded.

Method 1: Photometry Code

Now we have all the information we need to use the code. Begin by importing in

all the libraries needed for this program. Replace the file name in the variable

“imagefile” as needed depending on the .fits file that stores the image of your

supernova and its surrounding stars.



This next section of code helps render the image for the purpose of the program.

Vmin and Vmax may have to be changed in order for the image to be rendered

well. However, this image still has some background noise.

These lines of code aim to address this issue, first separating just the

background, and then finding the stars in the image from the image generated by

the rendered image after subtracting the background image. Now we can

superpose the positions of stars with the rendered image, showing this:



Now with this new image, we can conduct photometry on it to find stars within it:



Now that the program can recognize the position of the stars within the image

you give it, the program can find the zero point correction from the reference

stars, as well as the magnitude of the supernova:

Finally, the magnitude of the supernova in the image will be equal to the

difference between the calculated magnitude and the zero point correction. This

process will be repeated for each of the images the LCO has taken. Given that 2

different filters are being used, and there will be 15 total days during the allotted

period with an image being taken each of those days, there should be 30 data

points in total, with a graph of 15 points from both Bessel-B and Bessel-V.

Method 2: AstroArt8 Tools

The second method that will be used to find the relative magnitude of the

supernova will be done directly in AstroArt8 by using the built in tools. Using the

same reference stars as in the previous method, select the stars in the image in

AstroArt, and open the “stars” function under the “view” tab. Then, using the

SIMBAD star database, manually set the magnitudes of these stars based on

what filter the image was taken with. Make sure these stars are set as reference

stars as well. Once this is done, click on the supernova in the image. Under the

“tools” tab, click the “photometry” function. It should say both the amount of

reference stars selected, as well as the total number of stars being analyzed. I



chose to use a linear fit to avoid overfitting. The program should then tell you the

relative magnitude of the supernova based on the reference stars.



Results:
2022wsp reference stars chosen for calibration:

Star Location Bessel-B Magnitude Bessel-V Magnitude

23 00 20.353 +16 01 12.257 14.1 13.7

23 00 23.171 +16 00 26.308 12.9 12.4

23 00 28.961 +15 58 37.359 13.6 13.2

23 00 28.648 +15 55 04.7710 11.74 11.16

2022wsp Method 1:

Date Zero Point
Correction

Bessel-B
magnitude

Bessel-V
magnitude

10/19/22 28.964 12.326 11.560

10/21/22 27.432 12.157 11.534

10/23/22 26.786 12.425 11.838

10/25/22 Not Visible Not Visible Not Visible

10/27/22 28.456 12.712 11.909

10/29/22 28.941 12.835 12.033

10/31/22 24.509 12.637 11.991

11/2/22 26.342 12.498 11.873

11/4/22 No Image Taken No Image Taken No Image Taken

11/6/22 25.768 12.523 11.898

10 Rybka S. P.; Yatsenko A. I. (1997). GPM - compiled catalogue of absolute proper motions of stars in
selected areas of sky with galaxies. Kinematika Fiz. Nebesn. Tel., 13, No. 5, 70-74.
https://simbad.cds.unistra.fr/simbad/sim-ref?bibcode=1997KFNT...13e..70R

9 Khrutskaya E. V.; Khovritchev M. Y.; and Bronnikova N. M. (2004). The Pul-3 catalogue of 58483 stars in
the Tycho-2 system. Astronomy and Astrophysics, vol. 418, 357-362.
https://simbad.cds.unistra.fr/simbad/sim-ref?bibcode=2004A%26A...418..357K

8 Rybka S. P.; Yatsenko A. I. (1997). GPM - compiled catalogue of absolute proper motions of stars in
selected areas of sky with galaxies. Kinematika Fiz. Nebesn. Tel., 13, No. 5, 70-74.
https://simbad.cds.unistra.fr/simbad/sim-ref?bibcode=1997KFNT...13e..70R

7 Khrutskaya E. V.; Khovritchev M. Y.; and Bronnikova N. M. (2004). The Pul-3 catalogue of 58483 stars in
the Tycho-2 system. Astronomy and Astrophysics, vol. 418, 357-362.
https://simbad.cds.unistra.fr/simbad/sim-ref?bibcode=2004A%26A...418..357K



11/8/22 28.756 12.614 11.904

11/10/22 27.668 12.432 11.637

11/12/22 28.342 12.498 11.934

11/14/22 25.148 12.721 12.292

11/16/22 27.365 12.567 11.957

11/18/22 28.291 12.482 11.886

2022wsp Method 2:

Date Bessel-B magnitude Bessel-V magnitude

10/19/22 10.557 10.348

10/21/22 10.630 10.312

10/23/22 10.632 10.322

10/25/22 Not Visible Not Visible

10/27/22 10.602 10.354

10/29/22 10.549 10.353

10/31/22 10.519 10.239

11/2/22 10.592 10.312

11/4/22 No Image Taken No Image Taken

11/6/22 10.638 10.331

11/8/22 10.639 10.351

11/10/22 10.594 10.316

11/12/22 10.762 10.424

11/14/22 10.640 10.334

11/16/22 10.614 10.325

11/18/22 10.564 10.316



2022wpy Method 2:

Date Bessel-V magnitude

10/27/22 12.819

10/28/22 12.683

10/30/22 12.913

11/1/22 13.257

11/3/22 13.301

11/5/22 13.496

11/10/22 13.673

11/11/22 13.545

11/14/22 14.185

Error approximation:

For method 1, since the program takes the average magnitudes of all the

reference stars used in the photo, the error can be given by the standard

deviation of the magnitudes of the reference stars used. With this, we find the

error in the Bessel-B filter to be 0.8858 and the error in the Bessel-V filter to be

0.9595.

The method by which AstroArt8 calculates its magnitudes through photometry is

uncertain, so for method 2, the uncertainty is calculated through the root 12 rule.

Although AstroArt8 measures up to the thousandth, the reference magnitudes

were from SIMBAD, which measures to the tenth, so 0.09 is used as Δ.

With this, the error for method 2 is calculated to be 0.026 at each point.

Light curves:





Discussion:
Unexpectedly, the light curve graphs of 2022wsp show fluctuations of magnitude

around a single magnitude, rather than a gradual downwards slope as imagined.

To understand this issue, the LCO images were inputted into DS9, an image

display and visualization tool for astronomical data.



Upon closer inspection, the bright concentration of pixels at the center of the

image was not in fact the supernova, but rather the center of the galaxy in which

the supernova was located, NGC 7448. The actual supernova itself is a little bit

to the bottom right of the center concentration, barely visible. As such, this would

explain why the light curves showed fluctuations within a small range of

magnitudes, and with such consistency across methods and filters. This

conclusion is confirmed by using the Sloan Digital Sky Survey image database.

Searching for 2022wsp shows that the supernova 2022wsp is indeed extremely

close to the center of the galaxy NGC 7448, making the galactic core

indistinguishable from the supernova since they are too close in angular

proximity:

To make up for this error, data for the type 1A supernova 2022wpy was borrowed

from another experiment group, since there was no more time to take new data.

The third graph labeled “2022wpy Method 2” in the results section of this paper is

the outcome of using AstroArt8’s built in photometry function to calculate the



magnitude of 2022wpy over time, and shows a gradual downwards slope in

magnitude as expected of a supernova light curve. Looking at this new light

curve, it is still extremely difficult to determine the stage at which the supernova is

in its life. Since it just shows a general downwards slope, this would be placed

anywhere on a model light curve, and is therefore not indicative of a specific time

frame for the supernova.

Future experiments of this nature could benefit from a larger time frame, as the

larger sample size would allow for a much more accurate representation of the

light curve of a supernova. Perhaps images could be taken more frequently as

well for a more detailed light curve. An improvement to be made prior to

requesting LCO images would be to check the angular proximity of the

supernova to other celestial bodies near it, as this proved to be a sticking point

for this particular interaction of the experiment. Another improvement would be to

create a code that would separate all the stars from the image except for the

supernova, and use those all as reference stars. One of the main issues involved

with this version of the experiment was the time consumed by having to manually

search up star positions and their respective magnitudes. By automating this

process, not only will the process of analyzing an image be faster, but the zero

point correction may be more accurate as well, leading to a more accurate

representation of the magnitude of the supernova in the image.


