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We are now in the era of wide-field survey as-
tronomy. Finding transients quickly for broad-
band follow-up is more important than ever

The most effective way to find changes in the |

sky is with image subtraction, finding the dif-
ference in flux between two images from dif-
ferent epochs. With an unprecedented number
of stars per exposure and the largest image
sizes yet, computing these subtractions in real
time presents a new set of challenges.

The Gravitational-wave Optical Transient Ob-
server, GOTO, is a wide-field survey in the
search for counterparts to Gravitational-Wave
events and is the pathfinder for the next gener-
ation of high cadence wide-field surveys.
Therefore, GOTO marks the opportunity for the
development of tools for the rapid identifica-
tion of Transients in wide-fields.
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Example of image subtraction

' Image Subtraction has two main requirements
. that are made significantly harder with fast,
| wide-field, optics. The first is image registra-

tion, or source alignment, which is the pro-
cess of making sure stars line up on the same
pixels in both images. The second is Point
Spread Function (PSF) modelling, estimating
the shapes that point sources appear as in the
image.

A wide-field requires higher order transforms
to successfully align the whole image, and
multiple models are needed to create a spa-
tially varying PSF kernel. The PSF is not static
across the entire image. This poster will show
the development of a python package de-
signed to build subtraction pipelines for wide
field surveys.
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Aligning Wide-Field Images
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Modelling the PSF Quickly with Zernike Moments
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Zernike Polynomials were first introduced in s
1934. They work on an orthogonal basis (no 200
two polynomials have overlapping infor-
mation) and form a complete set, meaning 150
that they can recreate arbitrarily complex @
surfaces, shown above. i 1001
Zernike Moments are the projection of an im-
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age onto a set of complex Zernike polynomi- o
als. Using a spatially varying function, mul- (" — T
‘ . 0 — S
tiple PSFs can be modelled from one image. . . .
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Demonstrated by the figure in the top right .
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Being able to replicate complicated
source shapes is not a problem for
/Zernike Moments, A Polynomial or-
der of 22 suffices for even the most
complex PSF kernels.

Even for the largest kernel sizes the
models will take ~30 seconds, but for
GOTO, each kernel can be built in
under 10 seconds. The centre figure
highlights the modelling speed for
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different kernel sizes.



/OGY in Parallel
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As seen in Gompertz et al (2020)

within a minute of an image being taken

https://github.com/GOTO-0OBS/ZiP
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