Abstract

The purpose of this project is to investigate using Type la supernova data to analyze the anisotropy of
the expansion rate of the universe. Our process entails collecting supernovae data from online databases
and finding their Hubble parameter values, plotting them, and cross-correlating with variations in the
Cosmic Microwave Background, Due to large errors in our dataset, finding such correlations is a difficult
and ultimately inconclusive task. As a result of which we also propose further use of technology and
telescopes (WFIRST) to provide more robust data for future projects and studies.

Background and Question

Cosmalagy is the study of the origin, evolution, and nature of the Universe. The Casmological Principle
suggests characteristics of homogeneity and isotropy to the universe, such that all physical laws hold the
same at any location in our Liniverse and appear the same in any frame of reference.

A specifhic interest in cosmaology is the expansion of the universe. Through an empirical relationship
known as the Hubble Law', objects that are farther away from us appear to recede at greater velocities,
This recession speed for relatively nearby objects is given by:

r=Hg,

where ¢ is the recessional velocity for an object at a distance 4. B is the Hubble Constant which is
derived expenmentally from observations. This equation is an approximation which holds only for
objects of low redshift, as it is derved from a simplified form of the Friedmann equation. In general, we
consider some parameter Hit) where the constant is calculated at an arbitrary time £. For us, we assume
Fife) = . at the present time and for all objects observed.

Hubble's Law has important implications to the field of cosmology; primarily, that spacetime is
expanding. Our project investigates the relationship between Hubble's Law and the Cosmological
Principle. We ask: How strongly does the principle of isotropy hold along angular variations of our sky?
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Methods

Type la Supernovae are events of known luminasity they can be used as standardizable candles as a
mieasure of distance. Due to the Chandrasekhar Limit derived from electron degeneracy pressure, we can
use these Supernovae to accurately measure these cosmological distances.

Our process:

1 Compute Distance to Supernovae and respective redshift [to find the velocity, or a').
2 Find Hubble Constant accordinghy.

3 Find Hubble Constant for supermowvae at varied angles to find a spatial distribution.
4 Compare ta CMB variation and analyze the parameterized error.
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‘We used data from the Open Supernovae Catalog. This data repository includes a comprehensive
collection of data from several secondary data sources such as SMDOB, 5055, and CfA as well as many
individual sources. Data was selected based on a series of criteria; primarily Type la Supemovae with
information regarding right ascension, declination, redshift, reddening, and source.

Construction of a pipeline was necessary in order to compute the Hubble parameter for any arbitrary
supernova. In doing so, we used the distance and velacity parameters to find the value across the night
sky for as many points as possible, This keads to the process:

- Data from open catalog is processed and purified (empty points are filtered out).

- Plotted the data on a Mollweide projection with numpy, healpy, matplotlib, pandas, scipy, and astropy.

- Cross-correlation methods (parametrizing the difference between the temperature varation in the
CME and the Hubble parameter in our computations).

A 60 by 60 resolution was used to optimize for local Hubble Constant calculations. Using processed
data, the program was able to filter through 8651 points and generate a plotted distribution on a
maollweide projection. All projections in the Figures are in eguatorial coordinates. 2458 data points (after
sampling) contain both CMB and supernovae data. On both projections, we iterated through 3600
sguares and preduced an average Hubble Constant based on local calculations.

Average of Variation on H / H [average): 0.5438269534211051

Standard Deviation of HO: 1.28 km s ' pc?

Average of Variation on H / H (average]) for CMB: 1.3675347401968403

Average difference between (Temperature difference [ average temp) and [Hubble difference /
average H): 0.56
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Analysis and Conclusions

The average variation [H/H avg) in the Hubble constant for supernovae data is approximately 0.5438
whereas the same value for CMB data [T/T data) is around 1.3673. However, we must consider that a
discrepancy in supermovae and CMB data of approximately 1000 points was found with CMEB data vastly
outnumbering supemowvae data. b could be due to the lack of data points that we see such a large
margin of error. The average difference between the variations was 0.56, after we removed the paints
where we did not have supernovae data.

Inherent errors in each dataset should also be considered. Derived guantities exist within the dataset
such as wvalues of the distance derived from z-shift values. As a result, the errors yield an almost
completely inconclusive analysis. In general, considering the amount of noise in the data due to the
derivations required, building a reasonable conclusion is not feasible. 1t is for this reason that we need for
e guality and guantity of data. There is also a possibility of a null result there could be no comrelation
between CMB and HO data. This question be answered by using improved cross-comrelation methads.
Given that we have access to both the Planck CMB data and the supernovae-derived Hubble constant
data, we currently constructed a simple algonthm to take differences between the two datasets
However, a more statistically sound way would be cross-correlation, as it often yields more acouracy and
is a more thorough anabytical method,
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It is difficult to argue whether isotropy holds based simply on our work, Rather, our project is a
stepping stone to future research fooused around looking at variations along the night sky. In order for
this work to be of value, there is a need for higher-resolution data. With 12,000 type |la supernovae
collected with high uncertainty on each calculation, it is essential to gain more supemovae data as well
as higher-resolution for each one,

In relation to our project, the WFIRST telescope is planned to be sent in the mid-2020s, According to
MNASA, “WFIRST has a 2.4m telescope, the same size as Hubble's, but with a view 100 times greater
than Hubble's.” Based on the results of our project, we argue that this mission is impaortant for further
research to find an accurate distance measurement. if we are to understand dark energy or any of the
large-scale cosmaological concepts, the best bet is high-quality data, and WFIRST seems like a wery
gualibied and potentially strong option to attain such data.

Acknowledgements

‘Wiz weould ik to specially thank &run Saved for his support throughout this project. ¥'e would alsa like to thank all organizers
in ULab far making this project possible.

References

- Cuillochen, L, Pament, |, Esley, L 2, B Maguit, R @Z017). &n Open Catalog for Supermeva Dats. The Astroplnsecal Joumal, 83571}
doi 10 IB4T153E-4 35T M5 /64
Planck Collaboration. (2018, Plarck 2018 resuts. | Cversiew and the cosmological legacy of Blandk. itps Yo onglabs/ LBOT 6208
GES Colaboration. (2019). First Cosmology Resuts Using Type b Supemaovae from the Dack Encrgy Survey: Constraings on Cosmological Barometers
The Astropbysical lourmal B72(3). itps Sardworglpdt/ 1811 02374 pdf
- Gorsk, Krrpariof M, st al The Healpos Prmer - sstro-phy @052 75
- 'WFIRST Forrred ation Schncs Woikesy Groun. Fortbr information on Wick Feld Infraned Sureey Telimoopa: hitpbwiirslgs honasagod
- "WWhite Dwaits, Foves, and Ty la Supaimoves.” Burc Caiedy, buiradasssdudadesicaBan 2 LiLibel v ai vy Dinoviaa Iatenl



