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The Super Pressure Balloon-borne Imaging Telescope (SuperBIT) completed its Eoftware Applications: o E—— e = Our optimization function for SNR maps will be used
science flight in Spring 2023. Since then, extensive work has been carried out to . VS Code, through the Explc.)rer HPC .cluster database .- o i by other researchers in the SuperBIT collaboration
process the imaging data and measure the shapes of thousands of galaxies. In this SAQ Image D39, astronomical imaging and data ™" e ’ : (UToronto, Princeton, NASA JPL, and Durham
project, we used these measurements to construct .Wefflk—l.ensing mass maps of ~20 visualization 2 1o y %-53-95 University, etc.) to continue mapping dark matter
galaxy clusters. These maps trace the total mass distribution (both baryonic matter 15.0- 'S ' g 54.00 ° .
and dark matter) by measuring Used source extractor to detect sources on raw ) i, across the universe.
small distortions in the shapes imaging data and measure photometric quantities B S N
of background galaxies. To C.reated a classitier using source extractor to Graph of objects detected from Source Bl TR | TN Future steps include continuing to fine tune our
further understand the dlfferentla.te between_ galax1§s and stars Extractor of the 1E0657 Bullet Cluster, INR ; e f(j:b 11 S0592 optimization function to make it as accurate and
distribution of dark matter, we Created Signal to Noise Rath (SNR) maps inverse magnitude of brightness is on the TSRO ; efficient as possible. Additionally, while we were
created Signal to Noise (SNR) Created x-ray contours used in the SNRimages —y-axis & the size of the object s on the x- creating SNR graphs for the galaxy clusters we

Manually tuned SNR maps to maximize SNR axis
Automated the tuning process with a python code :
Refined our code by:

¢ Preventing over smoothing

¢ Only looking at the central galaxy cluster

® Minimizing B mode

graphs which map the strength
of gravitational lensing (a
method of dark matter
detections). Then, we created
an algorithm to refine the
graphs to maximize SNR peaks,

noticed that for some of them the positions of the
dark matter (bright spots) were completely off to the
side. In the future, we could look into why this is and

fix these images. Finally, we would run the

optimization function on all 20 galaxy clusters to map

which increases the certainty of SuperBIT pre.paring for test flight SNR HHASEs P rovide location about the position RGB imaoce Of Abell S0952 with dark matter and improve our certainty and accuracy

dark matter presence. This in 2017 and certainty of dark matter 145 . . h

tool can be used for future ® Overlayed dark matter and baryonic matter on X-ray contour of Abell 2384a,  baryonic matter (pink) and dark In these maps.

cosmological research. RGB images created in DS9 matter (purple) overlayed

Only 5% of the universe is composed of baryonic (ordinary) matter, while 27% is We used the new SNR 1mages, which were tuned through the optimization function, to create new kappa files. Balzer, A. (2026, April 16). Weak Lensing. NASA. Retrieved July 23, 2026
dark matter and 68% 1s dark energy. Dark matter, the focus of our project, does Then, we overlayed the kappa files onto our original RGB galaxy cluster images. T | | | SR
not emit, absorb, or reflect any electromagnetic waves, meaning 1t 1s invisible. from https://science.nasa.gov/mission/roman-space-telescope/weak-

Instead, dark matter can be detected through weak gravitational lensing. When Before running the optimization function the SNR images had significantly lower peaks. Increasing the highest i

gﬁiﬁi%ilsizztd;lsgirs\iﬁl stegéegigiggezaﬂh’ light bends around dark matter peaks on SNR 1mages 1s important as a higher peak corresponds to a greater certainty of dark matter. Overall, :

A major challe fge dl}liring th]zlin easurement. this helps create a more accurate map of dark matter, allowing researchers to get a better understanding of dark Diaz-Séanchez, A. (2025, Aug 17). “Molten Ring” Galaxy. NASA. Retrieved
of gravitational lensing is differentiating matter’s function in our universe. Before tuning Abell3411 July 23, 2026, from https://science.nasa.gov/asset/hubble/molten-

between stars and galaxies as both appear as
bright spots in the sky. Stars are located in
the Milky Way and do not lens. Failing to
remove them will result in a diluted signal.

Our research accounts for this using Source ' -
EXtraCtor. Once gravitational lensing iS "Molten Ring" taken in 2020 by the Kial\::asi:yNR: 1E0657_Bullet (Resolution: 0.50 arcmin, Kernel: 4.00)

The bullet cluster consists of two merging Peak = 6.51
. KS Mass SNR: Abell3411 (Resolution: 0.40 arcmin, Kernel: 2.00)
clusters, but only one 1s present here because =~
the function oversmoothed the clusters into
one cluster

ring-galaxy/

Chandra X-ray =1
-17.30 ds.0

Stoltz, J. (2026, Jul 15). Dark Matter. NASA. Retrieved July 23, 2026, from

" Abell2384a 125

-17.40

0.0 https://science.nasa.gov/dark-matter/

measured, it is shown in Signal to Hubble Space Telescope, showing B . fg-uso - e University of Toronto. (2017, May 10). Welcome to SuperBIT. UToronto.
Noise Ratio (SNR) maps, which gravitational lensing 2 . . . .
. ) Retrieved July 23, 2026, from https://sites.physics.utoronto.ca/bit
compare the amount of bending from 5 5595 1760 75
: -56.00 —-10.0

gravitational lensing (Signal) to the random RGB Image of Abell 3411 ;
orientations of galaxies (Noise) at E fiel2u K
each position in a galaxy cluster. Ranging
values of SNR represent the different

levels of dark matter certainty. Our goal 1s
to increase the certainty of dark matter. To
do so, we created a tool to maximize the
peak SNR 1n SNR graphs. Finally, to
visualize the location of dark matter relative
to stars, galaxies and baryonic matter in the

galaxy cluster, the results from the refined
SNR graph 1s overlayed onto the RGB

images. RGB 1images are created by shifting X-ray (hot gas, baryonic matter)
galaxy cluster images from the SuperBIT up B Dark matt
ark matter
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