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● There are several strange large angle features 

in the CMB suggesting deviations from 

statistical isotropy

● Over the years, the community has defined 

numerous statistics to quantify these features

● These are known as the large angle 

anomalies

● First noted in COBE (1996) and WMAP (2003) 

data, still exist in Planck (2018)

The large angle anomalies
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Our question:

● Under LCDM, each anomaly has a small chance of occurring individually

● They are often individually excused as statistical flukes

● What is the joint probability of all of the anomalies occurring in a LCDM 

Universe? 

● Are they correlated? Or is the joint p-value significant enough for us to 

seriously consider LCDM with the assumption of statistical isotropy isn’t 

working to describe the data?
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I created realizations of the CMB and performed a statistical 

analysis of four representative large angle anomalies to 

determine the probability of LCDM producing a CMB with the 

same features as ours. The results of this project either 

confirm that the anomalies are all correlated and can be 

explained by LCDM, or suggest there are significant 

signatures of statistical anisotropy in the CMB.
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● Use the best fit theory power spectrum provided by the Planck team

● Use the allowed variance in          to create unique realizations 

● Utilize different Python packages (HEALPix (healpy), NaMaster (pymaster))  

● We created 100,000,000 noise-free realizations

1st step: creating realizations of the CMB
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2nd step: calculating the anomalous statistics on the real 
and simulated data: 

● Statistic defined to quantify the quadrupole-octopole alignment

● Only .1% of realizations 

have as high of an alignment

 as the data
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2nd step: calculating the anomalous statistics on the real 
and simulated data: 

To summarize:

●       : .14% of realizations

●       : 3% of realizations

●     : .4% of realizations

●     : .1% of realizations

Are these results correlated? Or is their joint probability significantly lower?
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3rd step: are the anomalies correlated? 

Previous studies (Muir, Adhikari, and Huterer 2018) have analyzed the correlations 

across an entire distribution of realizations

However, we are interested in the tails of the distributions 

The tail end correlations may be quite different than the bulk of the distribution!
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over a 5 sigma deviation!!!

P-value of all four anomalies occurring in a LCDM CMB: 3e-8

(Jones, Copi, Starkman, Akrami, 2023, arXiv:2310.12859)
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Look elsewhere concerns

● The statistics we have considered were defined a posteriori

● We should certainly acknowledge look elsewhere concerns in our results

● We believe that our result still holds strong significance providing insight into 

the nature of the anomalies and their occurrence in LCDM



Thank you for 
listening! 

:)


