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Main background: Hadronic cosmic ray 

✦Crab nebula: 400 photons/day

✦Background: 15,000 cosmic ray/second

Some characteristics:

•DC > 95%

•Wide F.O.V

• 300 WCD ->1200PMT

High Altitude Water Cherenkov (HAWC)
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CRs are deflected by magnetic field
They are ~99.9% of the particles that arrive at the Earth

Pretz, J. (2016), https://doi.org/10.22323/1.236.0025

Crucial issue in HAWC observatory

https://doi.org/10.22323/1.236.0025
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How to distinguish them?
Looking at their differences

Compact Diffuse

Pretz, J. (2016), https://doi.org/10.22323/1.236.0025Pretz, J. (2016), https://doi.org/10.22323/1.236.0025

https://doi.org/10.22323/1.236.0025
https://doi.org/10.22323/1.236.0025
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Potencial parameters
• LIC


• disMax


• LDFChi2


• LDFAmp


• PINC

Cosmic RayPhoton from Crab Nebula
Abeysekara, A. U., et al (2017), https://doi.org/10.3847/1538-4357/aa7555
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https://doi.org/10.3847/1538-4357/aa7555
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Bins

• 10 fractional hit bin (  ).


• 12 energy bins (ebin).

<latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B

Note: Some bins are not used because they have poor statistic and they add more noise than 
signal. So, in this work, 67 bins are used.
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How to verify their performance

Receiver Operating 
Characteristic (ROC) 

Curves

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

Ideal

Bad

<latexit sha1_base64="SWKK8BNMA4mO59wqsfiPEVTHpDM=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSXZNssWy9Hd48aCIV3+MN/+NabsHbX0w8Hhvhpl5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wdDvz22OqNIvlg5kkNBB4IFnECDZWCvwnhnqZP8BC4GmvXHGr7hxolXg5qUCORq/85fdjkgoqDeFY667nJibIsDKMcDot+ammCSYjPKBdSyUWVAfZ/OgpOrNKH0WxsiUNmqu/JzIstJ6I0HYKbIZ62ZuJ/3nd1ETXQcZkkhoqyWJRlHJkYjRLAPWZosTwiSWYKGZvRWSIFSbG5lSyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJBB7hGV7hzRk7L86787FoLTj5zDH8gfP5A70Gkhg=</latexit>
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⇠h

Gamma efficiency

Hadron misidentification 
rate

https://doi.org/10.1016/j.nima.2022.166984
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Gamma/hadron separation models 
• Standard Cut (SC):

<latexit sha1_base64="yw93krVN9lb8TFV4EfE+Y5X8rjI=">AAACBHicbVBNSwJBGJ61L7OvrY5ehqTQi+yGVIcOkpcEiQ3SBF2W2XFWB2c/mJkNZFHo0l/p0qGIrv2Ibv2bRt1DaQ+88MzzvC/zvo8bMSqkYXxrmZXVtfWN7GZua3tnd0/fP2iJMOaYNHHIQt52kSCMBqQpqWSkHXGCfJeRe3dYm/r3D4QLGgZ3chQR20f9gHoUI6kkR88XG/UavIQ1p1GadE8mRat+M39bJUcvGGVjBrhMzJQUQArL0b+6vRDHPgkkZkiIjmlE0k4QlxQzMs51Y0EihIeoTzqKBsgnwk5mR4zhsVJ60Au5qkDCmfp7IkG+ECPfVZ0+kgOx6E3F/7xOLL0LO6FBFEsS4PlHXsygDOE0EdijnGDJRoogzKnaFeIB4ghLlVtOhWAunrxMWqdl86xcua0UqldpHFmQB0egCExwDqrgGligCTB4BM/gFbxpT9qL9q59zFszWjpzCP5A+/wBW+SUvA==</latexit>

(LIC < CL) & (PINC < CP )

<latexit sha1_base64="rU5NNTKUsVcI06CL+I2Q89VFWIk=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0XQTUmkqBuh6MZlC/YBTQiT6aQdOpPEmYlYQvoLbvwVNy4UcevKnX/jtM1CWw9cOJxzL/fe48eMSmVZ30ZhaXllda24XtrY3NreMXf3WjJKBCZNHLFIdHwkCaMhaSqqGOnEgiDuM9L2h9cTv31PhKRReKtGMXE56oc0oBgpLXnmSWN8OXYCgXDqPFDopU4fcY6yLHXknVC5OMiyzDPLVsWaAi4SOydlkKPumV9OL8IJJ6HCDEnZta1YuSkSimJGspKTSBIjPER90tU0RJxIN52+lMEjrfRgEAldoYJT9fdEiriUI+7rTo7UQM57E/E/r5uo4MJNaRgnioR4tihIGFQRnOQDe1QQrNhIE4QF1bdCPEA6H6VTLOkQ7PmXF0nrtGKfVaqNarl2lcdRBAfgEBwDG5yDGrgBddAEGDyCZ/AK3own48V4Nz5mrQUjn9kHf2B8/gAiWJ8N</latexit>
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⇠h

Gamma efficiency

Hadron misidentification 
rate

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

Gamma

https://doi.org/10.1016/j.nima.2022.166984
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• Machine Learning Technique (MLT):


• Learn from data


• A complex model is built 

Gamma/hadron separation models 

Taken from https://ilearningx.huawei.com/portal/courses/HuaweiX+EBG2020CCHW1100087/about

<latexit sha1_base64="9om+UDKveZ8VLJyRvXmxngGQmi8=">AAAB/HicbVDLTgJBEJzFF+JrlaOXicTEE9k1RD0SvXhEIo8EFjI7DDBhHpuZWc1mg7/ixYPGePVDvPk3DrAHBSvppFLVne6uMGJUG8/7dnJr6xubW/ntws7u3v6Be3jU1DJWmDSwZFK1Q6QJo4I0DDWMtCNFEA8ZaYWTm5nfeiBKUynuTRKRgKORoEOKkbFS3y3WewJ2FR2NDVJKPsJ6j/fdklf25oCrxM9ICWSo9d2v7kDimBNhMENad3wvMkGKlKGYkWmhG2sSITxBI9KxVCBOdJDOj5/CU6sM4FAqW8LAufp7IkVc64SHtpMjM9bL3kz8z+vEZngVpFREsSECLxYNYwaNhLMk4IAqgg1LLEFYUXsrxGOkEDY2r4INwV9+eZU0z8v+RblyVylVr7M48uAYnIAz4INLUAW3oAYaAIMEPINX8OY8OS/Ou/OxaM052UwR/IHz+QNRUJSS</latexit>

Rn ! Rm

• “Mathematical view”
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Building the model
• Machine Learning Technique (MLT):


• Boosted Decision Tree

Speckmayer, P., et al (2010) https://doi.org/10.1088/1742-6596/219/3/032057

• Neural Networks

Speckmayer, P., et al (2010) https://doi.org/10.1088/1742-6596/219/3/032057

https://doi.org/10.1088/1742-6596/219/3/032057
https://doi.org/10.1088/1742-6596/219/3/032057
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Building the model
• Machine Learning Technique (MLT):

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

https://doi.org/10.1016/j.nima.2022.166984
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Results: Testing on MC data

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

MLTs reports better performance on the first six    bins, while the SC is better for the rest bins <latexit sha1_base64="s9EOVw5tcVLV8GKTtP44u6LkHgE=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjNS1GWpG5cV7AOmQ8mkmTY0kwzJHaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmAhuwHW/ndLG5tb2Tnm3srd/cHhUPT7pGpVqyjpUCaX7ITFMcMk6wEGwfqIZiUPBeuH0Lvd7T0wbruQjzBIWxGQsecQpASv5g5jAhBKRtebDas2tuwvgdeIVpIYKtIfVr8FI0TRmEqggxviem0CQEQ2cCjavDFLDEkKnZMx8SyWJmQmyReQ5vrDKCEdK2ycBL9TfGxmJjZnFoZ3MI5pVLxf/8/wUotsg4zJJgUm6/ChKBQaF8/vxiGtGQcwsIVRzmxXTCdGEgm2pYkvwVk9eJ92runddbzw0as1WUUcZnaFzdIk8dIOa6B61UQdRpNAzekVvDjgvzrvzsRwtOcXOKfoD5/MHdMGRYQ==</latexit>

B

MLT are better
SC are better

https://doi.org/10.1016/j.nima.2022.166984
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Results: Testing on Real data (Crab Nebula)

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

MLTs show a real improvement over the SC, however in          all models has similar 
results and at high energies bins the SC is the best. 

<latexit sha1_base64="oBjAdA+YnJH44IQKOGxPODOSQCs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IpW5cVrAPaEOZTCft0MkkzEyEGvolblwo4tZPceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDsn103FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP73N/O4jlYpF4kHPYuqFeCxYwAjWRhra5UGI9YRgnjbn6AbVh3bFqToLoHXi5qQCOVpD+2swikgSUqEJx0r1XSfWXoqlZoTTeWmQKBpjMsVj2jdU4JAqL10En6Nzo4xQEEnzhEYL9fdGikOlZqFvJrOYatXLxP+8fqKDay9lIk40FWR5KEg40hHKWkAjJinRfGYIJpKZrIhMsMREm65KpgR39cvrpHNZdevV2n2t0mjmdRThFM7gAly4ggbcQQvaQCCBZ3iFN+vJerHerY/laMHKd07gD6zPH6KGkm0=</latexit>

B = 6

MLT are better

SC are better

https://doi.org/10.1016/j.nima.2022.166984
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Results: Testing on MC data

Alfaro, R. (2022), https://doi.org/10.1016/j.nima.2022.166984

The 2D models generally have greater predicted Q factor 

MLT are better

SC are better

https://doi.org/10.1016/j.nima.2022.166984
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Results: Testing on Real data 

Generally, the 2D models provide 
better results than SC1D.


Adding        gives only a slight 
improvement. This bin requires a 
different approach if a useful signal 
is to be extracted from it.  

<latexit sha1_base64="5+/Xxrczn9uQOxetqEMiiJOqDss=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IpW5cVrAPaEOZTCft0MkkzEyEGvolblwo4tZPceffOGmz0NYDA4dz7uWeOX7MmdKO820VNja3tneKu6W9/YPDsn103FFRIgltk4hHsudjRTkTtK2Z5rQXS4pDn9OuP73N/O4jlYpF4kHPYuqFeCxYwAjWRhra5UGI9YRgnjbn6AY5Q7viVJ0F0Dpxc1KBHK2h/TUYRSQJqdCEY6X6rhNrL8VSM8LpvDRIFI0xmeIx7RsqcEiVly6Cz9G5UUYoiKR5QqOF+nsjxaFSs9A3k1lMtepl4n9eP9HBtZcyESeaCrI8FCQc6QhlLaARk5RoPjMEE8lMVkQmWGKiTVclU4K7+uV10rmsuvVq7b5WaTTzOopwCmdwAS5cQQPuoAVtIJDAM7zCm/VkvVjv1sdytGDlOyfwB9bnD5lukmc=</latexit>

B = 0

• Crab Nebula
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Results: Testing on Real data 
• Markarian 421 • Markarian 501
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Summary 
• Two new implementations were used to classify the shower detected by HAWC: BDT 

& NN. 


• They are compared with the official HAWC technique to distinguish gamma from 
hadron using MC data and real data.


• The 2D models generally have greater predicted Q factor. MLT recognizes better the 
hadrons at low B bins and gammas at high B bins. 


• Generally, the 2D models provide better results than SC1D using real data. The best 
model is BDT, It improved the results on the three sources. 

Thank you! 
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Backslides 
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Linear Correlation 
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Correlations among variables
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Ranking


