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Machine learning at the LHC

I Vast amount of LHC data
& well-understood Monte Carlo generators
¥ Machine learning is valuable tool in LHC physics
1 000010000000
¥ Tagging with sub-jet data: jet-images, four-vectors
1 000000 000000000
¥ From model-driven approach to data-driven approach
1 010000000
¥ Accelerating and substituting Monte Carlo generators

¥ Phase space sampling, detector effects, unweighting, ...

1 00000000 C00000000000
¥ Estimating uncertainties
¥ Use high-dimensional data
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Flow networks at the LHC

Many applications for normalizing flows in LHC physics

Phase space generation

[Bothmann, Janssen, Knobbe, Schmale, Schumann, 2001.05478]
[Gao, Isaacson, Krause, 2001.05486]

[Gao, Hoche, Isaacson, Krause, Schulz, 2001.10028]

[Chen, Klimek, Perelstein, 2009.07819]

Event generation [Verheyen, Stienen, 2011.13445]
Anomaly detection [Nachman, Shih, 2001.04990]
Density estimation [Brehmer, Cranmer, 2003.13913]
Parton shower unfolding [Bellagente et al., 2006.06685]
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Parton showers

I Parton showers are part of every LHC analysis

I Described by 000 and OO0 1A in soft-collinear limit
¥ | eading order: simplify to a set of splitting kernels
¥ Corrections are active field of research
[Hartgring, Laenen, Skands, 1303.4974] [Li, Skands, 1611.00013]
[Hoche, Krauss, Prestel, 1705.00982] [Dulat, Hoche, Prestel, 1805.03757]
[Dasgupta, Dreyer, Hamilton, Monni, Salam, 1805.09327]
[Dasgupta, Dreyer, Hamilton, Monni, Salam, Soyez, 2002.11114]

I No need to understand parton densities
1 0000 OO0 00 00000 D0000O00000 000 0000000000



LEP results for QCD casimirs
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I Splitting probabilities depend on QCD casimirs

I Combined LEP measurement [Kiuth, hep-ex/0309070]

Og =2:89 0:21; Ogp =1:30 0:09
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I Parton showers in leading

collinear approximation Parton showers
Bo Wy
S 02
iMoaj® ; A(;0) iMef il
B B
0: energy fraction i

0: momentum transfer
0o 0) 7/ 0Og

I Splitting function for gluon radiation:
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leading term finite term
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