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MAJOR FINDINGS
A galaxy can seem to spin to either one direction or the opposite direction, and because it is merely a matter of perspective, it can
be assumed that the number of galaxies spinning in one way will be roughly equal to the number of galaxies spinning the
opposite way.

Data from SDSS, Pan-STARRS, and HST show that the number of galaxies spinning in opposite directions is not equal, and
changes based on the direction of observation.

The ratio between galaxies spinning in opposite spin directions is statistically significant from 1:1.

The ratio changes between different parts of the sky.

The distribution of galaxy spin directions fit dipole and multipole alignment.

All three telescopes (SDSS, Pan-STARRS, HST) show similar profile of asymmetry.

The asymmetry is detectable at z>0.15.

Low redshifts (z<0.15) show no statistically significant asymmetry.

 

Conclusions

 

Three telescopes show asymmetry in the distribution of galaxy spin directions.
The asymmetry is consistent in all three telescopes.
The galaxy classification is automatic and symmetric.
The datasets contain no duplicate objects.
Inaccurate classification or duplicate objects, even if existed, cannot lead to statistical signal (as long as
the error is randomly distributed rather than  consistently biased)..
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GALAXY IMAGE ANALYSIS

The galaxy annotation method is completely automatic, and completely symmetric. It does not involve manual intervention to
avoid any bias driven by the human perception. It also does not invlove machine learning, and especially deep learning, to avoid
capturing human biases, background biases, cosmic variance, or use complex "black box" rules. There is no "training" step as in
machine learning, and all rules are clear and defined with simple mathematics. The method is fully symmetric, and works
according to clear and defined rules (Shamir, 2011a,b).

 
Ganalyzer first separates foreground pixels from backgroun pixels using the Otsu binary threshold, and then transforms the
galaxy image into its radial intensity plot. Then, it applies peak detection to identify the peaks on the radial intensity plot in
different distances from the galaxy center. The collection of neighboring peaks makes an arm. The sign of the linear regression of
the x position of the peaks determines whether the galaxy is clockwise or counterclockwise (Shamir, 2011a).
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DIPOLE/MULTIPOLE ALIGNMENT
An experiment with ~64K galaxies with spectra shows agreement between opposite hemispheres. It also shows that asymmetry is
detected only at z>0.15 (Shamir, 2020b).

 

 

 

Quadrupole alignment. of the ~16K galaxies with spectra and z>0.15 shows stronger fitness to quadrupole (Shamir, 2020b). The
strength is computed by the Chi  statistics of fitting the soin directions of the galaxies to cosine dependence from every possible
(RA,Dec) combination.

 

Dipole alingment when fitting to dipole and limiting the redshft to z>0.15.

2
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REASONS FOR A POSSIBLE ERROR
Duplicate objects

 

Duplicate objects in the dataset can increase the statistical significance. However, duplicating the number of galaxies when the
galaxies are assigned with random spin directions does not lead to statistically significance signal (Shamir, 2021).

 

In any case, none of the datasets used here contains duplicate objects.

--------------------------------------------------------------

 

Inaccuracy in the classification of the galaxies 

 

If the galaxy classification is inaccurate, that can affect the reuslts. However, if the algorithm is symmetric, the inaccuracy is
equal in both sides.

The asymmetry A can be defined by

where E  is the number of counterclockwise galaxies classified incorrectly as clockwise, and E  is the number of clockwise
galaxies classified incorrectly as counterclockwise. If the galaxy classification algorithm is symmetric, the number of
counterclockwise galaxies misclassified as clockwise is expected to be roughly the same as the number of clockwise galaxies
missclassified as counterclockwise. Assuming E =E , the asymmetry can be defined as

 

Since E  and E  cannot be negative, a higher rate of misclassified galaxies is expected to make the asymmetry A lower., but
not higher. That is, misclassified galaxies can not lead to asymmetry (Shamir, 2021).

 

A =
(Ncw+Ecw)−(Nccw+Eccw)

Ncw+Ecw+Nccw+Eccw

cw ccw

cw ccw

A =
Ncw−Nccw

Ncw+Ecw+Nccw+Eccw

cw ccw
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That is also supporetd by empirical experiments. For instance, when assigning 25% of the galaxies with random spin direction,
the results do not change significantly.

 

However, if the classification has a slight consistent bias, the results are skewed. For instance, even 2% bias leads to very strong
asymmetry. In that case, the asymmetry peaks in the celestial pole (Shamir, 2021).
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COMPARISON BETWEEN SDSS AND PAN-STARRS
 

 

SDSS

Pan-STARRS

Most probable quadropole alignment in SDSS (top) and Pan-STARRS (bottom) such that the redshift distribution of the galaxies
in both datasets is similar (Shamir, 2020b). Both telescopes show the same profile. The two datasets were normalized for the
redshift, such that the redshift distirbution in both datasets is similar.

This comparison is added to the comparison between SDSS and HST to show that different telescopes show similar asymmetry.
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COMPARISON BETWEEN SDSS AND HST
When using just the ~16K galaxies with z>0.15, fitting the galaxies to dipole alignment shows statistical significance of ~8
sigma.(Shamir, 2020c).

 

~9K galaxies from HST show a similar pattern (Shamir, 2020c).



1/12/2021 AAS - iPosterSessions.com

https://aas237-aas.ipostersessions.com/Default.aspx?s=3D-03-C5-C7-EF-A8-80-9E-79-51-12-92-07-7D-90-C5&pdfprint=true&guestview=true 10/12

AUTHOR INFO
Lior Shamir

Kansas State University

http://people.cs.ksu.edu/~lshamir/ (http://people.cs.ksu.edu/~lshamir/)

 

http://people.cs.ksu.edu/~lshamir/


1/12/2021 AAS - iPosterSessions.com

https://aas237-aas.ipostersessions.com/Default.aspx?s=3D-03-C5-C7-EF-A8-80-9E-79-51-12-92-07-7D-90-C5&pdfprint=true&guestview=true 11/12

ABSTRACT
Previous studies using large datasets of spiral galaxies suggest that asymmetry between the number of galaxies that spin
clockwise and the number of galaxies that spin counterclockwise exhibits possible patterns of cosmological scale. The
asymmetry was observed by several different instruments, including SDSS, Pan-STARRS, and HST. The detected patterns
change with the direction of observation and the redshift, and can also exhibit photometric asymmetry between galaxies with
opposite spin directions. Different statistical and computational methods are needed to analyze these potential large-scale
patterns. These methods include the identification of the existence of possible asymmetry, and profile the differences in
different parts of the sky and different redshift ranges. Identification of a possible dipole alignment or multipole alignment of
the asymmetry of the spin directions of the galaxies can be done by fitting the entire galaxy population into cosine
dependence. Redshift dependence can be identified by correlating the asymmetry with the redshift of the galaxies in small but
densely populated regions of the sky. Identification of the links between the redshift dependence and the direction of
observation can be done by repeating the analysis with data separated into different redshift ranges. Analysis with real and
simulated data shows that the presence of duplicate objects in the dataset or inaccuracy of the galaxy annotation cannot not
practically lead to false identification of large-scale patterns. However, if the annotation error is consistently biased towards a
certain type of galaxies, even a small bias can lead to statistically significant dipole alignment centered around the celestial
pole. That reinforce the use of model-driven annotation algorithms with clear symmetric rules.
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