
Discussion on Using 
Unsupervised ML for 
Anisotropy Analysis



Unsupervised ML in astronomy
• Unsupervised ML is already being used for many purposes.
• It is also being used to classify supernovae and galaxy types.
• While it produces results equivalent to conventional methods, there have been 

changes a few objects in classification.
• And it has already reached the point where applications of unsupervised machine 

learning are being reviewed. “S. Fotopoulou, A review of unsupervised learning in 
astronomy”



Anisotropy in energy of UHECR

T. Fujii, ICRC2023Kawata et al., ICRC 2015

• The energy anisotropy of UHECR was 
suggested over 10 years ago.

• Discussion continues, as do observations 
to confirm this.



Possibility of Xmax anisotropy detection in HotSpot

UHECR2022, R. Saito et, al

16-yr TA-SD: 226 events
↓

• The background assumes a composition 
distribution based on Auger.

• Only events within the HotSpot are assumed to 
be purely composed of various particles.

From these results, does this mean that if events 
within the HotSpot are composed of light particles, 
there will be differences in the Xmax distribution 
inside and outside the HotSpot, even for current 
TA-SD events?



Classify the raw SD data and "Xmax by ML" as a dataset using 
unsupervised ML.
Consider specifying the number of classifications (e.g., K-means).

My idea.

+ Xmax

The classification into a Skymap



Note

• The raw SD data also contains energy information, so it 
would be better to reduce the influence of energy.

• It may be a good to weight by Xmax?

• What can be done to avoid discovering features by chance? 
＊If the direction of arrival is incorporated into the training data in advance, 

it will be possible to evaluate by chance.

• This is still in the idea stage, but we hope to start using it in 
practice in spring 2026.
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