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Hard processes to NNLO in ®
s

Gavin Salam
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Why NNLO?

Grazzini, Kallweit, Wiesemann [1711.06631]

[1905.04242]



  

4

Anatomy of NNLO

see e.g., Bendavid [1707.00028]; Klimek, 
Perelstein [1810.11509];  Gao, Isaacson, 
Krause [arXiv:2001.05486]; Gao, Höche, 
Isaacson, Krause, Schulz [2001.10028]
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Anatomy of NNLO

This Talk
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Anatomy of NNLO

Future Work
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In practice...
Marius Wiesemann
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ML
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ML

From Braun, J. & Griebel, M. Constr Approx (2009) 
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GBM vs. DNN

Mulitlayer 
NNs

GBM (XGBoost)
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A first example: gg→  ZZ
FB, Montull [1912.11055]
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Results
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Subdividing the phase space

1

1 -1
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Prediction time
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Prediction time
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beyond loop-induced...
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ZZ production at hadron colliders

Amplitude: 

in general, 10 tensor structures
@ L.O. only 4: T

7
,…,T

10

form factors 
= scalar fns. 
of invariants

* Following the notation of [1503.04812]
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qq ZZ up to NNLO in → ®s

Gehrmann, von Manteuffel, Tancredi [1503.04812], https://vvamp.hepforge.org 
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Datasets for fitting and testing



  

20

Double differential distributions

PRELIMINARY PRELIMINARY
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Approximation error distribution

biased
distribution

unbiased
distribution

PRELIMINARY
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Timing
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Summary
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Outlook
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Thank you!
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Universal approx. theorem
From Braun, J. & Griebel, M. Constr Approx (2009); 

Kolmogorov, Dokl. Akad. Nauk USSR 14(5), 953–956 (1957) 
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Implementation

OpenLoops XGBoost

Params.

Treelite
model

Params.

Standalone
C library

Fortran/
Python
wrapper
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Singly-differential distribution gg ZZ→

Easy to improve to per-mille!

Each model trained on 1M points
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Trainng time on 1 CPU core
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T(2) for qq ZZ→
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WW production
[Butter et al.: 1604.03105]
[Azatov et al.: 1707.08060]
[Grojean et al.: 1810.05149]
[ + more ]

Slide from Marc Montull


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32

