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•Two directions: General and single-purpose models

Language Models

Foundation models

Agentic models •Scientific rigor? E.g. Math proofs with “Lean”

•Multi modal

Recent advances in AI/ML

•E.g.
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Recent advances in AI/ML
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Language Models

Foundation models

Agentic models

•Two directions: General and single-purpose models

Single (few) purpose models,
include expert knowledge

•Playing Go, Chess
•Alphafold

2024
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Generative models for EIC events
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• Searches of physics beyond the Standard Model

•Neural Simulation-Based Inference (SBI) 
at the event level

• Full      events at <latexit sha1_base64="XTL3yZmTalDFTx6xCn0gRlYw0Kc=">AAACAHicbVDJSgNBEO1xjXEb9eDBy2AQPIUZictFCHrQYwSzQGYIPZ1K0qRnsbtGDMN48Fe8eFDEq5/hzb+xsxw08UHB470qqur5seAKbfvbmJtfWFxazq3kV9fWNzbNre2aihLJoMoiEcmGTxUIHkIVOQpoxBJo4Auo+/3LoV+/B6l4FN7iIAYvoN2QdzijqKWWueuqO4mpys4d+/jRRXjA9ApqWcss2EV7BGuWOBNSIBNUWuaX245YEkCITFClmo4do5dSiZwJyPJuoiCmrE+70NQ0pAEoLx09kFkHWmlbnUjqCtEaqb8nUhooNQh83RlQ7Klpbyj+5zUT7Jx5KQ/jBCFk40WdRFgYWcM0rDaXwFAMNKFMcn2rxXpUUoY6s7wOwZl+eZbUjorOSbF0UyqULyZx5Mge2SeHxCGnpEyuSYVUCSMZeSav5M14Ml6Md+Nj3DpnTGZ2yB8Ynz/dHpaX</latexit>p
s = 105 GeV

<latexit sha1_base64="LjIxk0LaoBXdsiANRvxVH+GRLUY=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF49V7Ae0oWy2k3bpZhN2N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0gEm/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfumUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NhlwhcyIiSWUKW5vJWxEFWXGhlOyIXjLL6+S1kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNKAJDEJ4hld4c8bOi/PufCxaC04+cwx/4Hz+AJtzjWw=</latexit>ep

Develop a generative model

<latexit sha1_base64="hQMH2pSK9iBQMafEOklNbrexF5c=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwICWRoj0WvXisYD+gDWWz3bRLN5uwO1FD7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v7dumgpaNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsfX0/99j1TmkfyDtKYeSEZSh5wSsBIfbvUA/YImmaNFEac1M4mfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfYSzWJCx2TIuoZKEjLtZbPTJ/jEKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMIal7GZZwAk3S+KEgEhghPc8ADrhgFkRpCqOLmVkxHRBEKJq2iCcFdfHmZtM4r7kWlelst16/yOAroCB2jU+SiS1RHN6iBmoiiB/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/ceOUIA==</latexit>

Pythia8,

Devlin, Qiu, FR, Sato `23
see also Arratia, Mikuni, Nachman et al.

<latexit sha1_base64="rjrBJp2u50vCLGWMUslZ5EHf/PM=">AAAB9XicbVDJSgNBEO2JW4xb1KOXxiB4CjPidpKgBz0mYBZIxtDTqUma9Cx016hhiN/hxYMiXv0Xb/6NneWgiQ8KHu9VUVXPi6XQaNvfVmZhcWl5JbuaW1vf2NzKb+/UdJQoDlUeyUg1PKZBihCqKFBCI1bAAk9C3etfjfz6PSgtovAWBzG4AeuGwhecoZHuKhcnTy2ER0yvoTZs5wt20R6DzhNnSgpkinI7/9XqRDwJIEQumdZNx47RTZlCwSUMc61EQ8x4n3WhaWjIAtBuOr56SA+M0qF+pEyFSMfq74mUBVoPAs90Bgx7etYbif95zQT9czcVYZwghHyyyE8kxYiOIqAdoYCjHBjCuBLmVsp7TDGOJqicCcGZfXme1I6KzmnxuHJcKF1O48iSPbJPDolDzkiJ3JAyqRJOFHkmr+TNerBerHfrY9KasaYzu+QPrM8fVc2SbA==</latexit>

Q > 5 GeV

w/o photoproduction & CC

•Unfolding

Applications:
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High-energy nuclear collisions
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Data representations examples

�

⌘ = � ln tan ✓/2

• Images

Sparse

EIC
Devlin, Qiu, FR, Sato `23

• Point clouds
<latexit sha1_base64="CrgAMLc/yppjXlB+yAjg4/z8/Ek="></latexit>

(pT1, ⌘1,�1,PID1), (pT2, ⌘2,�2,PID2), . . . , (pTn, ⌘n,�n,PIDn),

See also Arratia, Torales Acosta, Nachman, Mikuni et al, Kasieczka, Thaler et al.

<latexit sha1_base64="3Koc1Q4GIY7TdZ6ObvnnGBSP8dE="></latexit>

(pT1, ⌘1,�1,PID1), . . . , (pTm, ⌘m,�m,PIDm),

<latexit sha1_base64="kQkDxPnVv0Mgc/tsfqEuJYOLy9w=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPaUDabTbt2sxt2J0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVpyppUCaU7ITFMcMmayFGwTqoZSULB2uHodua3n5g2XMkHHKcsSMhA8phTglZq9USk0PTLFa/qzeGuEj8nFcjR6Je/epGiWcIkUkGM6fpeisGEaORUsGmplxmWEjoiA9a1VJKEmWAyv3bqnlklcmOlbUl05+rviQlJjBknoe1MCA7NsjcT//O6GcbXwYTLNEMm6WJRnAkXlTt73Y24ZhTF2BJCNbe3unRINKFoAyrZEPzll1dJ66LqX1Zr97VK/SaPowgncArn4MMV1OEOGtAECo/wDK/w5ijnxXl3PhatBSefOYY/cD5/AL8Nj0E=</latexit> ..
.

<latexit sha1_base64="xkvQUT6WoKhrt6hX5xZ+LdO7yi4=">AAAB/HicbVDLSsNAFJ34rPUV7dLN1CK4KokUFVdFEVxWsA9oQplMJ+3QyYOZm2II9VfcuFDErR/izr9x2mahrQcuHM65d+be48WCK7Csb2NldW19Y7OwVdze2d3bNw8OWypKJGVNGolIdjyimOAhawIHwTqxZCTwBGt7o5up3x4zqXgUPkAaMzcgg5D7nBLQUs8sOcAeIbsdsxAmPdspO+WrnlmxqtYMeJnYOamgHI2e+eX0I5oE+g0qiFJd24rBzYgETgWbFJ1EsZjQERmwrqYhCZhys9nyE3yilT72I6krBDxTf09kJFAqDTzdGRAYqkVvKv7ndRPwL92Mh3ECLKTzj/xEYIjwNAnc55JREKkmhEqud8V0SCShoPMq6hDsxZOXSeusap9Xa/e1Sv06j6OAjtAxOkU2ukB1dIcaqIkoStEzekVvxpPxYrwbH/PWFSOfKaE/MD5/APSQlFE=</latexit>

Event1:

<latexit sha1_base64="V/wMGPmyaBfDtpT8usTSVY6jujs=">AAAB/HicbVDLSsNAFJ3UV62vaJduUovgqiSlqLgqiuCygn1AE8JkOmmHTh7M3BRDqL/ixoUibv0Qd/6N0zYLbT1w4XDOvTP3Hi/mTIJpfmuFtfWNza3idmlnd2//QD886sgoEYS2ScQj0fOwpJyFtA0MOO3FguLA47TrjW9mfndChWRR+ABpTJ0AD0PmM4JBSa5etoE+QnY7oSFM3bpdsStXrl41a+YcxiqxclJFOVqu/mUPIpIE6g3CsZR9y4zBybAARjidluxE0hiTMR7SvqIhDqh0svnyU+NUKQPDj4SqEIy5+nsiw4GUaeCpzgDDSC57M/E/r5+Af+lkLIwToCFZfOQn3IDImCVhDJigBHiqCCaCqV0NMsICE1B5lVQI1vLJq6RTr1nntcZ9o9q8zuMoomN0gs6QhS5QE92hFmojglL0jF7Rm/akvWjv2seitaDlM2X0B9rnD/YZlFI=</latexit>

Event2:

Variable length
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• Point clouds (w/o pixelation)

Two-step diffusion process

Araz, Mikuni, FR, Sato, Torales-
Acosta, Whitehill `24
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Araz, Mikuni, FR, Sato, Torales-
Acosta, Whitehill `24•E.g. pion momentum 

distributions

Pixelated images Point cloud

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="JJ6GpqXVky9AAchXpkH6hX8rUZM=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5IUqV6EohePFfoFTSib7aZdutnE3YlQQo5e/CtePCji1Z/gzX/jts1BWx8MPN6bYWaeH3OmwLa/jcLK6tr6RnGztLW9s7tn7h+0VZRIQlsk4pHs+lhRzgRtAQNOu7GkOPQ57fjjm6nfeaBSsUg0YRJTL8RDwQJGMGipbx5fuYHEJK3G/WaWuupeQqqyzCWRGrkUcN8s2xV7BmuZODkpoxyNvvnlDiKShFQA4VipnmPH4KVYAiOcZiU3UTTGZIyHtKepwCFVXjp7JLNOtTKwgkjqEmDN1N8TKQ6VmoS+7gwxjNSiNxX/83oJBJdeykScABVkvihIuAWRNU3FGjBJCfCJJphIpm+1yAjrYEBnV9IhOIsvL5N2teLUKrW783L9Oo+jiI7QCTpDDrpAdXSLGqiFCHpEz+gVvRlPxovxbnzMWwtGPnOI/sD4/AHvWJqW</latexit>

=
2pT→
s
cosh ω
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Araz, Mikuni, FR, Sato, Torales-
Acosta, Whitehill `24

Pixelated images Point cloud

•Event-wide conservation laws

Point clouds

<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z
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<latexit sha1_base64="VcduhImtG31xtIwCRH/3qEwy95Y=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZtYECV/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOwvjQc=</latexit>z

<latexit sha1_base64="JJ6GpqXVky9AAchXpkH6hX8rUZM=">AAACCHicbVBNS8NAEN3Ur1q/oh49GCyCp5IUqV6EohePFfoFTSib7aZdutnE3YlQQo5e/CtePCji1Z/gzX/jts1BWx8MPN6bYWaeH3OmwLa/jcLK6tr6RnGztLW9s7tn7h+0VZRIQlsk4pHs+lhRzgRtAQNOu7GkOPQ57fjjm6nfeaBSsUg0YRJTL8RDwQJGMGipbx5fuYHEJK3G/WaWuupeQqqyzCWRGrkUcN8s2xV7BmuZODkpoxyNvvnlDiKShFQA4VipnmPH4KVYAiOcZiU3UTTGZIyHtKepwCFVXjp7JLNOtTKwgkjqEmDN1N8TKQ6VmoS+7gwxjNSiNxX/83oJBJdeykScABVkvihIuAWRNU3FGjBJCfCJJphIpm+1yAjrYEBnV9IhOIsvL5N2teLUKrW783L9Oo+jiI7QCTpDDrpAdXSLGqiFCHpEz+gVvRlPxovxbnzMWwtGPnOI/sD4/AHvWJqW</latexit>

=
2pT→
s
cosh ω

•E.g. pion momentum 
distributions



F. Ringer Advances in AI/ML for theoretical nuclear physics Oct 28, 2025 14

Inference

Classification
Regression

Generative
modeling

Anomaly
detection

Reinforce-
ment
learning

…
Machine
learning …



F. Ringer Advances in AI/ML for theoretical nuclear physics Oct 28, 2025

Neural simulation based inference

15

• Use full event level information

Theory  l Events  l Detector level  l

Experiment   l

<latexit sha1_base64="uJFXp/yEqO1zOkFbbpLzvdeDSF8=">AAAB7XicjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjq6nfuufGCq1ucZzyMKEDJWLBKDqp2cUhR9orlYOKPwP5m5RhgXqv9N7ta5YlXCGT1NpO4KcY5tSgYJJPit3M8pSyER3wjqOKJtyG+ezaCTl2Sp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnGF2EuVJohV2y+KM4kQU2mr5O+MJyhHDtCmRHuVsKG1FCGLqDi/0JonlaCaqV6c1auXS7iKMAhHMEJBHAONbiGOjSAwR08wBM8e9p79F6813nrkreYOYBv8N4+AavujzY=</latexit>

ω <latexit sha1_base64="+EWHKl44bNIRr3nCmqFC1aYLHs4=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jNu1BRcEHA4/3ZpiZFySCa+O6H05haXllda24XtrY3NreKe/utXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpz57TtUmsfy1kwS9CM6lDzkjBor3dz3eb9c8apuDvI3qcACjX75vTeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPtZfuqUHFllQMJY2ZKG5OrXiYxGWk+iwHZG1Iz0T28m/uZ1UxOe+xmXSWpQsvmiMBXExGT2NxlwhcyIiSWUKW5vJWxEFWXGplP6Xwitk6pXq9auTyv1i0UcRTiAQzgGD86gDlfQgCYwGMIDPMGzI5xH58V5nbcWnMXMPnyD8/YJaIeN5g==</latexit>xi
<latexit sha1_base64="kPlkB1V/WV+pDG8WY71Czc/X6ME=">AAAB8XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAcmS5idnU2GzM4uM71iWPIXXjwo4tW/8ebfOHkcVBQsaCiquunuClIpDLruh1NYWl5ZXSuulzY2t7Z3yrt7LZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6HLqt++4NiJRNzhOuR/TgRKRYBStdNtDIUNO7vuiX654VXcG8jepwAKNfvm9FyYsi7lCJqkxXc9N0c+pRsEkn5R6meEpZSM64F1LFY258fPZxRNyZJWQRIm2pZDM1K8TOY2NGceB7YwpDs1Pbyr+5nUzjM79XKg0Q67YfFGUSYIJmb5PQqE5Qzm2hDIt7K2EDammDG1Ipf+F0DqperVq7fq0Ur9YxFGEAziEY/DgDOpwBQ1oAgMFD/AEz45xHp0X53XeWnAWM/vwDc7bJ1q3kLo=</latexit>

x̃i

<latexit sha1_base64="SJeXvTaAsX9CS9VNw0kVU78c7P0=">AAAB8XicjVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/cA2lM1m0i7dbMLuRAih/8KLB0W8+m+8+W/cfhxUFHww8Hhvhpl5QSqFQdf9cJaWV1bX1ksb5c2t7Z3dyt5+2ySZ5tDiiUx0N2AGpFDQQoESuqkGFgcSOsH4aup37kEbkahbzFPwYzZUIhKcoZXu+ihkCDQfiEGl6tXcGejfpEoWaA4q7/0w4VkMCrlkxvQ8N0W/YBoFlzAp9zMDKeNjNoSepYrFYPxidvGEHlslpFGibSmkM/XrRMFiY/I4sJ0xw5H56U3F37xehtGFXwiVZgiKzxdFmaSY0On7NBQaOMrcEsa1sLdSPmKacbQhlf8XQvu05tVr9ZuzauNyEUeJHJIjckI8ck4a5Jo0SYtwosgDeSLPjnEenRfndd665CxmDsg3OG+fXD2Quw==</latexit>

ỹi

Lersch, Qiu, FR, Sato et al. `25

See also Nachman et al., Cranmer et al.  

Parametrizing e.g. 
nonperturbative physics

<latexit sha1_base64="T19YqFwKr1QIe08VkXDyZzuWAoQ=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoMgHsKuSPQY9OIxgnlAEsPspDcZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3+bEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzaHOIxnpls8MSKGgjgIltGINLPQlNP3RzdRvPoE2IlL3OI6hG7KBEoHgDK3U6uAQkD2c9Yolt+zOQJeJl5ESyVDrFb86/YgnISjkkhnT9twYuynTKLiESaGTGIgZH7EBtC1VLATTTWf3TuiJVfo0iLQthXSm/p5IWWjMOPRtZ8hwaBa9qfif104wuOqmQsUJguLzRUEiKUZ0+jztCw0c5dgSxrWwt1I+ZJpxtBEVbAje4svLpHFe9irlyt1FqXqdxZEnR+SYnBKPXJIquSU1UiecSPJMXsmb8+i8OO/Ox7w152Qzh+QPnM8fxNiPzw==</latexit>

ω→

<latexit sha1_base64="FOsBPpoZvMPMasfdJYdnfUIcoWU=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RaLHYC4eI5gHJEuYnXSSIbMPZnrFsObgr3jxoIhXf8Obf+Mk2YMmFjQUVd0z3eXHUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0R9Wp37wHpUUU3uE4Bi9gg1D0BWdopK591EF4wLQqmdZGBkVlpPWkaxedkjMDXSZuRookQ61rf3V6EU8CCJFP32q7ToxeyhQKLmFS6CQaYsZHbABtQ0MWgPbS2f4TemqUHu1HylSIdKb+nkhZoPU48E1nwHCoF72p+J/XTrB/5aUijBOEkM8/6ieSYkSnYdCeUMBRjg1hXAmzK+VDphhHE1nBhOAunrxMGuclt1wq314UK9dZHHlyTE7IGXHJJamQG1IjdcLJI3kmr+TNerJerHfrY96as7KZQ/IH1ucPtq+WkQ==</latexit>

Classifier loss
<latexit sha1_base64="FOsBPpoZvMPMasfdJYdnfUIcoWU=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RaLHYC4eI5gHJEuYnXSSIbMPZnrFsObgr3jxoIhXf8Obf+Mk2YMmFjQUVd0z3eXHUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0R9Wp37wHpUUU3uE4Bi9gg1D0BWdopK591EF4wLQqmdZGBkVlpPWkaxedkjMDXSZuRookQ61rf3V6EU 8CCJFP32q7ToxeyhQKLmFS6CQaYsZHbABtQ0MWgPbS2f4TemqUHu1HylSIdKb+nkhZoPU48E1nwHCoF72p+J/XTrB/5aUijBOEkM8/6ieSYkSnYdCeUMBRjg1hXAmzK+VDphhHE1nBhOAunrxMGuclt1wq314UK9dZHHlyTE7IGXHJJamQG1IjdcLJI3kmr+TNerJerHfrY96as7KZQ/IH1ucPtq+WkQ==</latexit>

Classifier loss

<latexit sha1_base64="FOsBPpoZvMPMasfdJYdnfUIcoWU=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RaLHYC4eI5gHJEuYnXSSIbMPZnrFsObgr3jxoIhXf8Obf+Mk2YMmFjQUVd0z3eXHUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0R9Wp37wHpUUU3uE4Bi9gg1D0BWdopK591EF4wLQqmdZGBkVlpPWkaxedkjMDXSZuRookQ61rf3V6EU8CCJFP32q7ToxeyhQKLmFS6CQaYsZHbABtQ0MWgPbS2f4TemqUHu1HylSIdKb+nkhZoPU48E1nwHCoF72p+J/XTrB/5aUijBOEkM8/6ieSYkSnYdCeUMBRjg1hXAmzK+VDphhHE1nBhOAunrxMGuclt1wq314UK9dZHHlyTE7IGXHJJamQG1IjdcLJI3kmr+TNerJerHfrY96as7KZQ/IH1ucPtq+WkQ==</latexit>

Classifier loss
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• Use full event level information

Theory  l Events  l Detector level  l

Experiment   l

<latexit sha1_base64="uJFXp/yEqO1zOkFbbpLzvdeDSF8=">AAAB7XicjVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHoxWME84BkCbOT2WTM7Mwy0yuEJf/gxYMiXv0fb/6Nk8dBRcGChqKqm+6uKJXCou9/eEvLK6tr64WN4ubW9s5uaW+/aXVmGG8wLbVpR9RyKRRvoEDJ26nhNIkkb0Wjq6nfuufGCq1ucZzyMKEDJWLBKDqp2cUhR9orlYOKPwP5m5RhgXqv9N7ta5YlXCGT1NpO4KcY5tSgYJJPit3M8pSyER3wjqOKJtyG+ezaCTl2Sp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnGF2EuVJohV2y+KM4kQU2mr5O+MJyhHDtCmRHuVsKG1FCGLqDi/0JonlaCaqV6c1auXS7iKMAhHMEJBHAONbiGOjSAwR08wBM8e9p79F6813nrkreYOYBv8N4+AavujzY=</latexit>

ω <latexit sha1_base64="+EWHKl44bNIRr3nCmqFC1aYLHs4=">AAAB6nicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jNu1BRcEHA4/3ZpiZFySCa+O6H05haXllda24XtrY3NreKe/utXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpz57TtUmsfy1kwS9CM6lDzkjBor3dz3eb9c8apuDvI3qcACjX75vTeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPtZfuqUHFllQMJY2ZKG5OrXiYxGWk+iwHZG1Iz0T28m/uZ1UxOe+xmXSWpQsvmiMBXExGT2NxlwhcyIiSWUKW5vJWxEFWXGplP6Xwitk6pXq9auTyv1i0UcRTiAQzgGD86gDlfQgCYwGMIDPMGzI5xH58V5nbcWnMXMPnyD8/YJaIeN5g==</latexit>xi
<latexit sha1_base64="kPlkB1V/WV+pDG8WY71Czc/X6ME=">AAAB8XicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAcmS5idnU2GzM4uM71iWPIXXjwo4tW/8ebfOHkcVBQsaCiquunuClIpDLruh1NYWl5ZXSuulzY2t7Z3yrt7LZNkmvEmS2SiOwE1XArFmyhQ8k6qOY0DydvB6HLqt++4NiJRNzhOuR/TgRKRYBStdNtDIUNO7vuiX654VXcG8jepwAKNfvm9FyYsi7lCJqkxXc9N0c+pRsEkn5R6meEpZSM64F1LFY258fPZxRNyZJWQRIm2pZDM1K8TOY2NGceB7YwpDs1Pbyr+5nUzjM79XKg0Q67YfFGUSYIJmb5PQqE5Qzm2hDIt7K2EDammDG1Ipf+F0DqperVq7fq0Ur9YxFGEAziEY/DgDOpwBQ1oAgMFD/AEz45xHp0X53XeWnAWM/vwDc7bJ1q3kLo=</latexit>

x̃i

<latexit sha1_base64="SJeXvTaAsX9CS9VNw0kVU78c7P0=">AAAB8XicjVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04rGC/cA2lM1m0i7dbMLuRAih/8KLB0W8+m+8+W/cfhxUFHww8Hhvhpl5QSqFQdf9cJaWV1bX1ksb5c2t7Z3dyt5+2ySZ5tDiiUx0N2AGpFDQQoESuqkGFgcSOsH4aup37kEbkahbzFPwYzZUIhKcoZXu+ihkCDQfiEGl6tXcGejfpEoWaA4q7/0w4VkMCrlkxvQ8N0W/YBoFlzAp9zMDKeNjNoSepYrFYPxidvGEHlslpFGibSmkM/XrRMFiY/I4sJ0xw5H56U3F37xehtGFXwiVZgiKzxdFmaSY0On7NBQaOMrcEsa1sLdSPmKacbQhlf8XQvu05tVr9ZuzauNyEUeJHJIjckI8ck4a5Jo0SYtwosgDeSLPjnEenRfndd665CxmDsg3OG+fXD2Quw==</latexit>

ỹi

• See e.g. recent ATLAS measurement 
of SMEFT operators

• Backpropagation
• Differentiability

Lersch, Qiu, FR, Sato et al. `25

See also Nachman et al., Cranmer et al.  

<latexit sha1_base64="FOsBPpoZvMPMasfdJYdnfUIcoWU=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4NB8BR2RaLHYC4eI5gHJEuYnXSSIbMPZnrFsObgr3jxoIhXf8Obf+Mk2YMmFjQUVd0z3eXHUmh0nG8rt7K6tr6R3yxsbe/s7tn7Bw0dJYpDnUcyUi2faZAihDoKlNCKFbDAl9D0R9Wp37wHpUUU3uE4Bi9gg1D0BWdopK591EF4wLQqmdZGBkVlpPWkaxedkjMDXSZuRookQ61rf3V6EU8CCJFP32q7ToxeyhQKLmFS6CQaYsZHbABtQ0MWgPbS2f4TemqUHu1HylSIdKb+nkhZoPU48E1nwHCoF72p+J/XTrB/5aUijBOEkM8/6ieSYkSnYdCeUMBRjg1hXAmzK+VDphhHE1nBhOAunrxMGuclt1wq314UK9dZHHlyTE7IGXHJJamQG1IjdcLJI3kmr+TNerJerHfrY96as7KZQ/IH1ucPtq+WkQ==</latexit>

Classifier loss

Surrogate models
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• Use full event level information

E.g. analytical calculations

• Differential sampling algorithm

• Closure test:  Train GAN to learn 
parameters from simulated events

<latexit sha1_base64="TqMPp3QjEQAfun49nIydiA1w6K4=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSQi1WPRi8cKbS20oWy2k3bpZjfsTsQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNirVDFpMCaU7ITUguIQWchTQSTTQOBTwEI5vZ/7DI2jDlWziJIEgpkPJI84oWqnbQ3jCrKlTmPbLFa/qzeGuEj8nFZKj0S9/9QaKpTFIZIIa0/W9BIOMauRMwLTUSw0klI3pELqWShqDCbL5yVP3zCoDN1LalkR3rv6eyGhszCQObWdMcWSWvZn4n9dNMboOMi6TFEGyxaIoFS4qd/a/O+AaGIqJJZRpbm912YhqytCmVLIh+Msvr5L2RdWvVWv3l5X6TR5HkZyQU3JOfHJF6uSONEiLMKLIM3klbw46L86787FoLTj5zDH5A+fzB+U5kaw=</latexit>

True
<latexit sha1_base64="dQcNuqDlGtTn1MbhW7ubl+M3ltI=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEogscI5gHJGmYns8mQ2dllplcNS/7DiwdFvPov3vwbJ4+DJhY0FFXddHcFiRQGXffbWVpeWV1bz23kN7e2d3YLe/t1E6ea8RqLZaybATVcCsVrKFDyZqI5jQLJG8Hgauw3Hrg2IlZ3OEy4H9GeEqFgFK1030b+hNl1ErM+cUedQtEtuROQReLNSBFmqHYKX+1uzNKIK2SSGtPy3AT9jGoUTPJRvp0anlA2oD3eslTRiBs/m1w9IsdW6ZIw1rYUkon6eyKjkTHDKLCdEcW+mffG4n9eK8Xwws+ESlLkik0XhakkGJNxBKQrNGcoh5ZQpoW9lbA+1ZShDSpvQ/DmX14k9dOSVy6Vb8+KlctZHDk4hCM4AQ/OoQI3UIUaMNDwDK/w5jw6L8678zFtXXJmMwfwB87nD1MCkmk=</latexit>

Epoch 0
<latexit sha1_base64="2NF/drPT7ytLNrx/oWMM+/tP6ok=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9kVqR6LIgheKtgPaJeSTbNtaDZZktliWfpPvHhQxKv/xJv/xrTdg1YfDDzem2FmXpgIbsDzvpzCyura+kZxs7S1vbO75+4fNI1KNWUNqoTS7ZAYJrhkDeAgWDvRjMShYK1wdD3zW2OmDVfyASYJC2IykDzilICVeq7bBfYI2U2i6BD73t2055a9ijcH/kv8nJRRjnrP/ez2FU1jJoEKYkzH9xIIMqKBU8GmpW5qWELoiAxYx1JJYmaCbH75FJ9YpY8jpW1JwHP150RGYmMmcWg7YwJDs+zNxP+8TgrRZZBxmaTAJF0silKBQeFZDLjPNaMgJpYQqrm9FdMh0YSCDatkQ/CXX/5LmmcVv1qp3p+Xa1d5HEV0hI7RKfLRBaqhW1RHDUTRGD2hF/TqZM6z8+a8L1oLTj5ziH7B+fgG2zeTKg==</latexit>

Epoch 10K

<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x <latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y
<latexit sha1_base64="8rlj1w+KkqGP/WfOabPhO8o2Wv4=">AAAB7XicjVDLSgNBEOyNrxhfUY9eBoMQQcJukOgx6MVjBPOAZAmzk9lkzOzMMjMrLkv+wYsHRbz6P978GyePg4qCBQ1FVTfdXUHMmTau++HklpZXVtfy64WNza3tneLuXkvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GF9O/fYdVZpJcWPSmPoRHgoWMoKNlVpx+f4kPe4XS17FnQH9TUqwQKNffO8NJEkiKgzhWOuu58bGz7AyjHA6KfQSTWNMxnhIu5YKHFHtZ7NrJ+jIKgMUSmVLGDRTv05kONI6jQLbGWEz0j+9qfib101MeO5nTMSJoYLMF4UJR0ai6etowBQlhqeWYKKYvRWREVaYGBtQ4X8htKoVr1apXZ+W6heLOPJwAIdQBg/OoA5X0IAmELiFB3iCZ0c6j86L8zpvzTmLmX34BuftE8qGjqI=</latexit>

p(x, y)

Lersch, Qiu, FR, Sato et al. `25

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y
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Inference

Classification
Regression

Generative
modeling

Anomaly
detection

Reinforce-
ment
learning

…
Machine
learning …
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• Weakly supervised

• Theory agnostic BSM searches

See e.g. Nachman, Thaler, Mikuni, Plehn, 
Spannowsky, Kasieczka, et al.

• Unsupervised
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• Weakly supervised

• Theory agnostic BSM searches

See e.g. Nachman, Thaler, Mikuni, Plehn, 
Spannowsky, Kasieczka, et al.

• Unsupervised

Autoencoder

Anomaly score via 
reconstruction loss

Bottleneck
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• Weakly supervised

• Theory agnostic BSM searches

See e.g. Nachman, Thaler, Mikuni, Plehn, 
Spannowsky, Kasieczka, et al.

• Unsupervised

Autoencoder

Background

Signal
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Araz, Athanasakos, Ploskon, FR `25 

• Graph-based autoencoder

Based on graph structure

Fully connected graph Sparse “Laman” graph
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State of the art for unsupervised 
searches using LHC benchmark

• Graph-based autoencoder

Signal Improvement 
Characteristic (SIC)

Araz, Athanasakos, Ploskon, FR `25 

Applications at the future EIC?

Full event information e.g.
<latexit sha1_base64="8jvuq5ToIpq5qgnnNjhkuiOmc+s=">AAAB+3icbZDLSgMxFIbP1Futt7Eu3QSL4KrMFKkui25cVrAX6Awlk2ba0CQzJBmxlL6KGxeKuPVF3Pk2pu0stPWHwMd/ziHn/FHKmTae9+0UNja3tneKu6W9/YPDI/e43NZJpghtkYQnqhthTTmTtGWY4bSbKopFxGknGt/O651HqjRL5IOZpDQUeChZzAg21uq75Vqg2VDgwCSovsS+W/Gq3kJoHfwcKpCr2Xe/gkFCMkGlIRxr3fO91IRTrAwjnM5KQaZpiskYD2nPosSC6nC62H2Gzq0zQHGi7JMGLdzfE1MstJ6IyHYKbEZ6tTY3/6v1MhNfh1Mm08xQSZYfxRlH9tB5EGjAFCWGTyxgopjdFZERVpgYG1fJhuCvnrwO7VrVr1fr95eVxk0eRxFO4QwuwIcraMAdNKEFBJ7gGV7hzZk5L86787FsLTj5zAn8kfP5A2RdlAs=</latexit>

2ω → 6ω
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•Rapid progress in AI/ML

•Various applications using event-level analyses

•New collaborations between theory and experiment

•Use of general purpose AI in nuclear physics?
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<latexit sha1_base64="RERmxkeFMnk9fPtGl0jexPTgHSk=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCYgx3ElSwCbFQsFExRsglYW8ziYt7H+zOieFIY+NfsbFQxNb/YOe/cRNTaPTBwOO9GWbmeZEUGm3700qNjU9MTqWnMzOzc/ML2cWlSx3GikOFhzJUVx7TIEUAFRQo4SpSwHxPQtW7Oez71VtQWoTBBXYjqPusE4i24AyN1MyuupFobOUpNLbzJ40t98BFuMNk4/yovNlrZnN2wR6A/iXOkOTIEKfN7IfbCnnsQ4BcMq1rjh1hPWEKBZfQy7ixhojxG9aBmqEB80HXk8EXPbpulBZth8pUgHSg/pxImK911/dMp8/wWo96ffE/rxZje7+eiCCKEQL+vagdS4oh7UdCW0IBR9k1hHElzK2UXzPFOJrgMiYEZ/Tlv+Ryp+DsFopnxVypPIwjTVbIGtkgDtkjJXJMTkmFcHJPHskzebEerCfr1Xr7bk1Zw5ll8gvW+xdtgpai</latexit>

⇡+, e�,K+ (RGB)

•Represent events as images (pixelated)

•Markovian noising process

adding Gaussian noise

<latexit sha1_base64="hQMH2pSK9iBQMafEOklNbrexF5c=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwICWRoj0WvXisYD+gDWWz3bRLN5uwO1FD7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v7dumgpaNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsfX0/99j1TmkfyDtKYeSEZSh5wSsBIfbvUA/YImmaNFEac1M4mfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfYSzWJCx2TIuoZKEjLtZbPTJ/jEKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMIal7GZZwAk3S+KEgEhghPc8ADrhgFkRpCqOLmVkxHRBEKJq2iCcFdfHmZtM4r7kWlelst16/yOAroCB2jU+SiS1RHN6iBmoiiB/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/ceOUIA==</latexit>

Pythia8,

<latexit sha1_base64="FGIuCZbPKJNBas8t5DaMGj1t30w=">AAACG3icbVDLSgNBEJz1GeMr6tHLYBASkLAbggoiBL3oRSLkBdkQZiezyZDZhzO9YljyH178FS8eFPEkePBvnE1y0MSChqKqm+4uJxRcgWl+GwuLS8srq6m19PrG5tZ2Zme3roJIUlajgQhk0yGKCe6zGnAQrBlKRjxHsIYzuEz8xj2Tigd+FYYha3uk53OXUwJa6mSKd7mHTjV/bnsE+pSI+GZkC+ZCouIzbB7hseO48fXIlrzXh3wnkzUL5hh4nlhTkkVTVDqZT7sb0MhjPlBBlGpZZgjtmEjgVLBR2o4UCwkdkB5raeoTj6l2PP5thA+10sVuIHX5gMfq74mYeEoNPUd3JoeqWS8R//NaEbin7Zj7YQTMp5NFbiQwBDgJCne5ZBTEUBNCJde3YtonklDQcaZ1CNbsy/OkXixYx4XSbSlbvpjGkUL76ADlkIVOUBldoQqqIYoe0TN6RW/Gk/FivBsfk9YFYzqzh/7A+PoBPMugUQ==</latexit>

q(xT ) = N (xT ; 0, I)

Devlin, Qiu, FR, Sato `23

Sohl-Dickstein et al.`15
Ho, Jain, Abbeel `20

Nichol, Dhariwal `21
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<latexit sha1_base64="RERmxkeFMnk9fPtGl0jexPTgHSk=">AAACBXicbVA9SwNBEN2LXzF+RS21WAyCYgx3ElSwCbFQsFExRsglYW8ziYt7H+zOieFIY+NfsbFQxNb/YOe/cRNTaPTBwOO9GWbmeZEUGm3700qNjU9MTqWnMzOzc/ML2cWlSx3GikOFhzJUVx7TIEUAFRQo4SpSwHxPQtW7Oez71VtQWoTBBXYjqPusE4i24AyN1MyuupFobOUpNLbzJ40t98BFuMNk4/yovNlrZnN2wR6A/iXOkOTIEKfN7IfbCnnsQ4BcMq1rjh1hPWEKBZfQy7ixhojxG9aBmqEB80HXk8EXPbpulBZth8pUgHSg/pxImK911/dMp8/wWo96ffE/rxZje7+eiCCKEQL+vagdS4oh7UdCW0IBR9k1hHElzK2UXzPFOJrgMiYEZ/Tlv+Ryp+DsFopnxVypPIwjTVbIGtkgDtkjJXJMTkmFcHJPHskzebEerCfr1Xr7bk1Zw5ll8gvW+xdtgpai</latexit>

⇡+, e�,K+ (RGB)

•Represent events as images (pixelated)

•Learn denoising process

Train convolutional U-Net

Devlin, Qiu, FR, Sato `23

Stochastic differential 
equation in continuum limit

<latexit sha1_base64="FGIuCZbPKJNBas8t5DaMGj1t30w=">AAACG3icbVDLSgNBEJz1GeMr6tHLYBASkLAbggoiBL3oRSLkBdkQZiezyZDZhzO9YljyH178FS8eFPEkePBvnE1y0MSChqKqm+4uJxRcgWl+GwuLS8srq6m19PrG5tZ2Zme3roJIUlajgQhk0yGKCe6zGnAQrBlKRjxHsIYzuEz8xj2Tigd+FYYha3uk53OXUwJa6mSKd7mHTjV/bnsE+pSI+GZkC+ZCouIzbB7hseO48fXIlrzXh3wnkzUL5hh4nlhTkkVTVDqZT7sb0MhjPlBBlGpZZgjtmEjgVLBR2o4UCwkdkB5raeoTj6l2PP5thA+10sVuIHX5gMfq74mYeEoNPUd3JoeqWS8R//NaEbin7Zj7YQTMp5NFbiQwBDgJCne5ZBTEUBNCJde3YtonklDQcaZ1CNbsy/OkXixYx4XSbSlbvpjGkUL76ADlkIVOUBldoQqqIYoe0TN6RW/Gk/FivBsfk9YFYzqzh/7A+PoBPMugUQ==</latexit>

q(xT ) = N (xT ; 0, I)

<latexit sha1_base64="hQMH2pSK9iBQMafEOklNbrexF5c=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwICWRoj0WvXisYD+gDWWz3bRLN5uwO1FD7E/x4kERr/4Sb/4bt20O2vpg4PHeDDPz/FhwDY7zba2srq1vbBa2its7u3v7dumgpaNEUdakkYhUxyeaCS5ZEzgI1okVI6EvWNsfX0/99j1TmkfyDtKYeSEZSh5wSsBIfbvUA/YImmaNFEac1M4mfbvsVJwZ8DJxc1JGORp9+6s3iGgSMglUEK27rhODlxEFnAo2KfYSzWJCx2TIuoZKEjLtZbPTJ/jEKAMcRMqUBDxTf09kJNQ6DX3TGRIY6UVvKv7ndRMIal7GZZwAk3S+KEgEhghPc8ADrhgFkRpCqOLmVkxHRBEKJq2iCcFdfHmZtM4r7kWlelst16/yOAroCB2jU+SiS1RHN6iBmoiiB/SMXtGb9WS9WO/Wx7x1xcpnDtEfWJ8/ceOUIA==</latexit>

Pythia8,

Sohl-Dickstein et al.`15
Ho, Jain, Abbeel `20

Nichol, Dhariwal `21


