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To detect novel events from the known sample without any prior knowledge. 

To detect NP model-independently2



Isolation-based: 
Autoencoder-based: (arxiv: 1807.10261, 1808.08979, 1808.08992,  1811.10276, 1903.02032,   

   1905.10384, 2005.01598, 2007.01850, 2103.06595, 2105.07988) 

Graph:                      (arxiv: 1912.10625)

Clustering-based: 
kNN-based:              (arxiv: 1807.10261, 1807.06038) 
t-score (arxiv: 1806.02350, 1912.12155), ANODE (arxiv: 2001.04990), CWoLa (arxiv: 1805.02664, 1902.02634, 2005.02983),  
TNT (arxiv: 2002.12376), SALAD (arxiv: 2001.05001), SULU (arxiv: 2011.09863), UCluster (arxiv: 2010.07106).  

  

Novelty Detection:

Autoencoder loss: 

to be determined by DNN trained 
on the known background.  

The other events in the testing 
sample don’t contribute to it. 

Neyman–Pearson lemma:

Z-like score:
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Isolation-based Evaluator: k-Nearest Neighbours

the mean distance of a testing event  

to its k nearest neighbours in the training sample

the mean distance of the training sample:  

average over both training sample size and k

Novelty evaluator: in the range of [0, 1] Novelty measure: unnormalised range

arxiv:1807.10261
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Clustering-based Evaluator: k-Nearest Neighbours

the mean distance of a testing event  

to its k nearest neighbours in the training sample

the mean distance of a testing event  

to its k nearest neighbours in the testing sample

Novelty evaluator: in the range of [0, 1] Novelty measure: unnormalised range

m the dimension of the feature space 

The novelty measure mimics the structure of

arxiv:1807.10261
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Synergy-based Evaluator

Isolation-based

Clustering-based
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Synergy-based Evaluator

A Shift Based on

Isolation-based

Clustering-based

Synergy
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Synergy-based Evaluator

Construct a DNN and use its output as a synergy-based evaluator.

Simulated Background

label: 0

label: 1
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Workflow

Oclu

<latexit sha1_base64="2xfqXJaea+x71MS/eQD6f1tK9bY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkoMuiG3dWsA9oQ5hMp+3QySTMTJQS8yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wvc797gOVikXiXs9i6oV4LNiIEayN5NvVQYj1hGCe3mZ+SniS+XbNqTtzoFXiFqQGBVq+/TUYRiQJqdCEY6X6rhNrL8VSM8JpVhkkisaYTPGY9g0VOKTKS+fRM3RqlCEaRdI8odFc/b2R4lCpWRiYyTyoWvZy8T+vn+jRpZcyESeaCrI4NEo40hHKe0BDJinRfGYIJpKZrIhMsMREm7YqpgR3+curpHNedxv1xl2j1rwq6ijDMZzAGbhwAU24gRa0gcAjPMMrvFlP1ov1bn0sRktWsXMEf2B9/gDyHZR0</latexit>

Oiso

<latexit sha1_base64="kJn155Y5qBnUx3O5NLdNW3Vu8Dg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkoMuiG3dWsA9oQ5hMp+3QySTMTJQS8yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wvc797gOVikXiXs9i6oV4LNiIEayN5NvVQYj1hGCe3mZ+ylSU+XbNqTtzoFXiFqQGBVq+/TUYRiQJqdCEY6X6rhNrL8VSM8JpVhkkisaYTPGY9g0VOKTKS+fRM3RqlCEaRdI8odFc/b2R4lCpWRiYyTyoWvZy8T+vn+jRpZcyESeaCrI4NEo40hHKe0BDJinRfGYIJpKZrIhMsMREm7YqpgR3+curpHNedxv1xl2j1rwq6ijDMZzAGbhwAU24gRa0gcAjPMMrvFlP1ov1bn0sRktWsXMEf2B9/gD805R7</latexit>

Osyn contour

<latexit sha1_base64="c/fL8YEPzXR3DHqEWC6Cfr1yzPI=">AAACBHicbVBNS8NAEN3Ur1q/oh57WWwFTyUpBT0WvXizgm2FNoTNdtMu3eyG3Y0QQg9e/CtePCji1R/hzX/jps1BWx8MPN6bYWZeEDOqtON8W6W19Y3NrfJ2ZWd3b//APjzqKZFITLpYMCHvA6QIo5x0NdWM3MeSoChgpB9Mr3K//0CkooLf6TQmXoTGnIYUI20k367WhxHSE4xYdjPzM5XyWR1iwbVZ4Ns1p+HMAVeJW5AaKNDx7a/hSOAkIlxjhpQauE6svQxJTTEjs8owUSRGeIrGZGAoRxFRXjZ/YgZPjTKCoZCmuIZz9fdEhiKl0igwnfnFatnLxf+8QaLDCy+jPE404XixKEwY1ALmicARlQRrlhqCsKTmVognSCKsTW4VE4K7/PIq6TUbbqvRum3W2pdFHGVQBSfgDLjgHLTBNeiALsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHDzqYXg==</latexit>

xi

<latexit sha1_base64="i9y6aFzADBkMCXe2tMZHwhoK89I=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Tn/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeOVnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wrd3VKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gBi1o3f</latexit>

Oclu

<latexit sha1_base64="2xfqXJaea+x71MS/eQD6f1tK9bY=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkoMuiG3dWsA9oQ5hMp+3QySTMTJQS8yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wvc797gOVikXiXs9i6oV4LNiIEayN5NvVQYj1hGCe3mZ+SniS+XbNqTtzoFXiFqQGBVq+/TUYRiQJqdCEY6X6rhNrL8VSM8JpVhkkisaYTPGY9g0VOKTKS+fRM3RqlCEaRdI8odFc/b2R4lCpWRiYyTyoWvZy8T+vn+jRpZcyESeaCrI4NEo40hHKe0BDJinRfGYIJpKZrIhMsMREm7YqpgR3+curpHNedxv1xl2j1rwq6ijDMZzAGbhwAU24gRa0gcAjPMMrvFlP1ov1bn0sRktWsXMEf2B9/gDyHZR0</latexit>

Oiso

<latexit sha1_base64="kJn155Y5qBnUx3O5NLdNW3Vu8Dg=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUmkoMuiG3dWsA9oQ5hMp+3QySTMTJQS8yluXCji1i9x5984abPQ1gMDh3Pu5Z45QcyZ0o7zbZXW1jc2t8rblZ3dvf0Du3rYUVEiCW2TiEeyF2BFORO0rZnmtBdLisOA024wvc797gOVikXiXs9i6oV4LNiIEayN5NvVQYj1hGCe3mZ+ylSU+XbNqTtzoFXiFqQGBVq+/TUYRiQJqdCEY6X6rhNrL8VSM8JpVhkkisaYTPGY9g0VOKTKS+fRM3RqlCEaRdI8odFc/b2R4lCpWRiYyTyoWvZy8T+vn+jRpZcyESeaCrI4NEo40hHKe0BDJinRfGYIJpKZrIhMsMREm7YqpgR3+curpHNedxv1xl2j1rwq6ijDMZzAGbhwAU24gRa0gcAjPMMrvFlP1ov1bn0sRktWsXMEf2B9/gD805R7</latexit>

I II III V

auto-
encoder

Osyn

<latexit sha1_base64="XMTbMGCPYhiN5/D8XKFj864LZz4=">AAAB+nicbVDLSsNAFL2pr1pfqS7dBIvgqiRS0GXRjTsr2Ae0IUymk3boZBJmJkqI+RQ3LhRx65e482+ctFlo64GBwzn3cs8cP2ZUKtv+Nipr6xubW9Xt2s7u3v6BWT/sySgRmHRxxCIx8JEkjHLSVVQxMogFQaHPSN+fXRd+/4EISSN+r9KYuCGacBpQjJSWPLM+CpGaYsSy29zLZMpzz2zYTXsOa5U4JWlAiY5nfo3GEU5CwhVmSMqhY8fKzZBQFDOS10aJJDHCMzQhQ005Col0s3n03DrVytgKIqEfV9Zc/b2RoVDKNPT1ZBFULnuF+J83TFRw6WaUx4kiHC8OBQmzVGQVPVhjKghWLNUEYUF1VgtPkUBY6bZqugRn+curpHfedFrN1l2r0b4q66jCMZzAGThwAW24gQ50AcMjPMMrvBlPxovxbnwsRitGuXMEf2B8/gATx5SK</latexit>

IV

supervised 
DNN

signal

<latexit sha1_base64="6Fufw/3avkyCZlMIjCGQ2eulKPI=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgh6LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8LG5tb2TnG3tLd/cHhUPj5pG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuuktuEjScSgXPGq3gJ4nfg5qUCO5qD81R8qmsZMWiqIMT3fS2yQEW05FWxW6qeGJYROyIj1HJUkZibIFtfO8IVThjhS2pW0eKH+nshIbMw0Dl1nTOzYrHpz8T+vl9roOsi4TFLLJF0uilKBrcLz1/GQa0atmDpCqObuVkzHRBNqXUAlF4K/+vI6adeqfr1av69VGjd5HEU4g3O4BB+uoAF30IQWUHiEZ3iFN6TQC3pHH8vWAspnTuEP0OcPuBCPOQ==</latexit>

region

<latexit sha1_base64="3DrEaZ2P4eJD/erhnnsd5GaoFyE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16WSyCp7JbCnosevFYwX5Au5RsOtvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vog5PHeDDPzwoQzbTzv2ylsbG5t7xR3S3v7B4dH5eOTtpapotiikkvVDYlGzgS2DDMcu4lCEoccO+Hkdu53nlBpJsWDmSYYxGQkWMQoMVZqKxzZb1CueFVvAXed+DmpQI7moPzVH0qaxigM5UTrnu8lJsiIMoxynJX6qcaE0AkZYc9SQWLUQbbYduZeWGXoRlLZJ4y7UH93ZCTWehqHtjImZqxXvbn4n9dLTXQdZEwkqUFBl4OilLtGuvPT3SFTSA2fWkKoYnZXl46JItTYgEo2BH/15HXSrlX9erV+X6s0bvI4inAG53AJPlxBA+6gCS2g8AjP8ApvjnRenHfnY1lacPKeU/gD5/MHwRePPw==</latexit>

O
0
syn

<latexit sha1_base64="8WgZvK4pdIdSgRSe38Z+5TWXyYg=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK4KokUdFl0484K9gFNDJPppB06MwkzEyGEgBt/xY0LRdz6E+78GydtF9p64MLhnHu5954wYVRpx/m2lpZXVtfWKxvVza3tnV17b7+j4lRi0sYxi2UvRIowKkhbU81IL5EE8ZCRbji+Kv3uA5GKxuJOZwnxORoKGlGMtJEC+9DjSI8wYvlNEeQqE8V97iWSclIEds2pOxPAReLOSA3M0ArsL28Q45QToTFDSvVdJ9F+jqSmmJGi6qWKJAiP0ZD0DRWIE+Xnkx8KeGKUAYxiaUpoOFF/T+SIK5Xx0HSWF6t5rxT/8/qpji78nIok1UTg6aIoZVDHsAwEDqgkWLPMEIQlNbdCPEISYW1iq5oQ3PmXF0nnrO426o3bRq15OYujAo7AMTgFLjgHTXANWqANMHgEz+AVvFlP1ov1bn1MW5es2cwB+APr8wd39Jiz</latexit>
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B = 100, 000 S = 1, 000
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Robustness

20 classifiers with different initialisations are trained in every case.

11



Comparison with arxiv: 1912.12155

arxiv:1807.10261

arxiv:1912.12155
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Benchmark Studies

Relational autoencoder is used for  
dimensionality reduction.  

Input: 4-momenta of di-photons. 

Input 
dim-8

Output 
dim-8

Latent Space 
dim-2

Loss function:

c = 10
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SUSY

Latent Space
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Conclusion

Isolation-based and Clustering-based evaluators manage to detect novelty along different 
strategies. Synergy of the 2 shines light on improving the performance of novelty detection. 

We have worked on 9 two-dimensional Gaussian samples which mimic a broad range of NP 
scenarios. The geometry mean of the isolation-based and clustering-based evaluators is used 
as the synergy-based one. Then it is further optimised with a DNN, which shows encouragingly 
comparable AUC values with supervised learning. The robustness is tested and is compared 
with fully weakly supervised learning.  

We have applied our algorithm onto physical benchmark studies with signal either forming a 
resonance or a broad shape. The analysis is done at detector level and it reaches a discovery 
confidence level comparable to the dedicated supervised learning search under the framework 
of invariant-mass-preserving-autoencoder.   
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Thank you.
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