Light Curve of a Type Il Supernova
PHYS 134L

The goal of this paper is to summarize the results of having taken many photos of the
type Il 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
universe' to the rate of its expansion?, 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 | supernovae generally leave
nothing behind, becoming a large cloud of gas known as a supernova remnant,?

a subclass of a nebula. Unlike their type | counterparts, type |l supernovae leave
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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 | supernovae have light curves with a sharp maxima that gradually
declines, while type 2 supernovae have less sharp of a maxima.* 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 curves®. 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 Il 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.
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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 |, and another from type Il. 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 Il supernova instead. Upon using
the LCO’s visibility tool (https://Ico.global/observatory/tools/visibility/) with a time
frame of 10/19/2022 to 11/19/2022, the type |l 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.® 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 cm™). Using Google Sheets to organize my data and calculate
using said data, | 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
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Variable Names 2022wsp Test from Class Notes
NR (readout noise) 14.5 12
iDC (Dark Current) 1 1
Qe (Quantum Efficiency) 0.475 0.3
F (Point Source Signal Flux on Telescope) 543 0.03
Fb (Background Flux from Sky) 0.01 0.01
Q (Pixel Size) 0.571 4
£ (Telescope Efficiency) 0.5 0.5
t (Integration Time) 50 10
A (Telescope Area) 1294.618917 1000
Nt (Time Dependent Noise per Unit Time) 1672.328585 11.5
S/N (signal to noise ratio) 288.3263043 2.796163947

correct, expected to be ~2.8

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:
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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. Handlily, 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.
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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.

si| gma Cllp s gmaL lptslg'ﬂ =3
mean, median, std = sigma c__pped 3

bkg_estimator = MedianBackground{) #7
bkg = Background2D({image, #Which
box_size=(5 5
filter_siz e_\ c ;\
sigma_clip=sigma_clip, &3
bkg_estimator=bkg_ e"t"mc't ) #
bkg median = bkg.background median £This

[ 2
M |#Now Let's Find some sources using DA Star Finder
daofind = DAOStarFinder(fwhm=5, #This is the full width h f ts of
threshold=s ), thing
sources = daofind(image - bkg median) #we subfract the
primt{sources)
b

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:

[9]1: M |#Now we know where our sources are, we can do some aperture

positions = np.transpose((sources['xcentr
apertures = Circularaperture{pos

(1 r', cmap = " W
= aper ture .plot(color="red", lw=5, alpha=e.5) #I define it as o variable to ovoid unnecessary regdout
plt.show(
»
2000 SN

1750

1500

1250

1000

750

500

250

v] 500 1000 1500 2000 2500 3000



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

In [128]:

In [11]:

In [12]:

M | #ie can moke a photometry table using the gperture photomeiry funciiom.

phot_table = aperture_photometry{image - bkg_median, apertures} #we use the gperture photometry function to Llist the photon f

print{phot_table)

1

xcemter

ycenter
pix

aperture_sum

112
113
112
115
115
117
112
119

1275, 220424878293
1319.48760E844942¢8
557.5956199568658
1445.3943815932269
187@.4991827219829
2425,3735237362506
S@a. 1642506219554
2e43.195365138166
2927.797231938929
689.1981738983523
331.287446477776
037.13194282228124
G@4. 8126288507119
542.6836571103487
£6@8.491187583513
G@6.8978981799212
1157.9159347658454
2876.993848806492
612.5853532878122
4e@.26128355447884

Length = 119 rows

M | #T will define a funm

#Most of these black box functions come from astropy staots and phofutils. I will briefly explain what they do and what their

ot
CL L

£1.92958827854777
45,893877803280917
61.42952814255833
£4,459728002626
71.88316957913548
77.77425623420787
99.43911991563226
184.,24472281952845
125.378491926356283
132.80311937564856
1339.696574192459
1891.5712355188588
1988.5182288551723
1914.8247871642147
1964 8986824127755
1984.1932852087557
19332.6659151166855
1999, 24989946767617
2@25.938884719982
2837.15374926867432

def photometry{data, header):
sigma clip = sigmaClip{sigma=32.2)

bkg estimator =

MedianBackground()
time = header["MID-0BS"] #I am simply returning the modified julion date off the heoder for converience.

-519.9215086841222
-614.6320648310888
139.83181126342344

12643.60218744431
1588,2961288424213

724.,2205811228638
1776.3416828785664
122,828231994524]12

-8.26289353786398886

-273.42768124798863

-183.4678337019864
1544.95992437724993
23582. 28382304785
638.1582374259874
-686.8597369322113
598.3223172929199%
2198.3282649831165
354.16352987148917
E65.35197 80028385
2332.428441952822

on to do all our photometry for us. Tt

mean, median, std = sigma_clipped stats(data, sigma=32.8)

bkg = Background2D(data, box_size=(S@, 58), filter size=(3, 2}, sigma_clip=sigma clip, bkg_estimator-bkg_estimator)
bkg. background_median

bkg median =

daofind = DaDstarFinder(fwhm=18, threshold=s*std)
sources = daofind(data - bkg_median)

positions

np.transpose{{sources[ 'xcentroid'], sources['ycemtroid']))

apertures = Circularaperture{positions, r=15)

_ = aperture_photometry(data - bkg_median, apertures)
aperture_sums = phot_table['aperture_sum']
return time, pesitions, aperture_sums

That was a lot. Lets call cur photometry funciion on our image and see what it finds.

M | time, positions, sums
print{"wWe found", len(sums), "stars"}

photometry (image, header)

#lets coll a random star and see what imformation we found on

star_index = np.random.randint(e,len(sums))
positions[star_index]
sums[star_index]
star's pixel position is", star_position)
star's photon count is“, star_photons)

star_position =
star_photons =
print{"The
primt{"The

we found 133 stars
The star's pixel pesition is [2867.43285959 2839.85518625]
The star's photon count is 993.5918662108583

ppears Long, but much of this code caon be copy pasted fFor your



n [12]: M |phot_x = phot_table["»

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:

phot_y = phot_table[ 'yce
phot_flux = phot_table[
star_coords = [[1554,1267]] #I find these coordinagfes by hand in 540 D55
calstar_flux = []
for j in range{len({star_coords)}: #This loop fi
r = np.sgrt((phot_x. st
print{np.min(r}} #o uld print out y
index = np.where{r == -min{r)i[el[a]
calstar_flux.append({phot_flux[index]}

calstar_mag = -2.5%np.logle{calstar flux)

£ rolibrote with 4 avrher stars first. then reneat “or Gust the supsrnoud

primt{"our calibration magnitudes are", calstar_mag)

sky_map = [15.4]

difference = sky map - calstar_mag

primt{"The difference between cur accepted and found magnitudes is", difference)
ZP = np.mean(difference)

primt{"our Zerg Point is then", ZP)

B.39642484477626514

our calibration magnitudes are [-13.56359791]

The difference between our accepted and found magnitudes is [28.96353791]
our Zero Point is them 28.96359791474379

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. |



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.
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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 26.30° 12.9 12.4

23 00 28.961 +15 58 37.35° 13.6 13.2

23 00 28.648 +15 55 04.77° 11.74 11.16

2022wsp Method 1:

Date Zero Point Bessel-B Bessel-V
Correction magnitude 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

" Khrutskaya E. V.; Khovritchev M. Y.; and Bronnikova N. M. (2004). The Pul-3 catalogue of 58483 stars in
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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 A.
1 (.f_\.) A
S Vv3\2/) V12

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

o

Light curves:

2022wsp Method 1
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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.

# SAOImage ds8
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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:

SDSS ID:
1237678600762032255
345.01499

dec 15.98024

type GALAXY
Resolve Name
13.59

Image Option:
RA (deg) 345.014691598
DEC (deg) 15.9784993196
Scale (/px)  [OREEH
ns

g 12.26
11.66
11.36
11.14

Grid
O Label
[ Photometric objects
[ Objects w c
Olnvert Image

Quick Look
Explore

[ APOGEE Spectra
ISDSS Outlines
(JSDSS Bounding Boxes
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0SDSS Masks
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Image Source -

® spss O 2MASS

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.



