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▸ The large amount of LHC data allows us to measure some 
observables to astounding precision. 

▸ Typically, such observables are characterised by clearly identifiable 
final states and involve very large final state particle momenta.

Higgs, Z, W, top quark:
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▸ The quest nr 1: What is the Higgs potential? What are the properties 
of the Higgs? 

▸ Measuring their properties will allow us to systematically search for 
deviations from Standard Model Physics (with EFTs, with bumps). 

▸ New physics aside: We can simple determine masses, couplings, 
parton distribution functions; study hadronisation, jets and 
interactions of highly energetic particles in general.

Higgs, Z, W, top quark:
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▸ Huge Cross 
Sections 

▸ 2 - lepton final 
state 

▸ Extremely 
Precise 
Measurements  

▸ Here: 8 TeV 
Data.

[Gehrmann et al.,1805.05916]

EXAMPLES OF PRECISION OBSERVABLES - Z-PT

https://arxiv.org/pdf/1805.05916.pdf
https://arxiv.org/pdf/1805.05916.pdf
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▸ 3000 fb^-1 

▸ Determining Higgs properties at few percent!

EXAMPLES OF PRECISION OBSERVABLES - HIGGS

[1902.00134] [1902.00134]

https://arxiv.org/pdf/1902.00134.pdf
https://arxiv.org/pdf/1902.00134.pdf
https://arxiv.org/pdf/1902.00134.pdf
https://arxiv.org/pdf/1902.00134.pdf


COMPUTING AT  
N3LO
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To learn about nature  
we need to connect

Theory and Experiment  
at the same level of precision.

PRECISION LHC PHYSICS
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▸ Perturbative partonic cross sections 

▸ QCD perturbation theory is dominant 

▸ Naively: 
 
 

▸ Resum, where this doesn’t work!

↵S = 0.118
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LO NLO NNLO N3LO

8
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S �̂

(3) + . . .
<latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit><latexit sha1_base64="4FaGgvfjXlIrReVbnvBAXut7488="></latexit>
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Slide inspired by G. Salam

Created by L. Cieri
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2015

2016

2017

2018
2019

2020

Higgs Threshold Exp.  
[Anastasiou, Duhr, Dulat, Herzog, BM, 15]

Higgs VBF  [Dreyer,  Karlberg,16]

Higgs Diff. Threshold App. 
 [Dulat, BM, A. Pelloni,17]

Higgs Diff. qT [Cieri,Chen, Gehrmann, Glover,Huss,18]

Higgs (Y approx.) [Dulat, BM,Pelloni,18]

HH (VBF) [Dreyer, Karlberg,18]

bb->H [Dulat, Duhr, BM,19]

Drell-Yan [Dulat, Duhr, BM,20]

Higgs, [BM,18]

bbH 4FS+5FS [Dulat, Duhr, Hirschi, BM,20]

CCDY [Dulat, Duhr, BM,20]

Higgs Jet Veto [Banfi, et al. 15]

https://arxiv.org/pdf/1503.06056.pdf
https://arxiv.org/pdf/1606.00840.pdf
https://arxiv.org/pdf/1710.03016.pdf
https://arxiv.org/pdf/1807.11501.pdf
https://arxiv.org/pdf/1810.09462
https://arxiv.org/pdf/1811.07906.pdf
https://arxiv.org/pdf/1904.09990.pdf
https://arxiv.org/pdf/2001.07717
https://arxiv.org/pdf/1802.00833.pdf
https://arxiv.org/pdf/2004.04752.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/1610.07922.pdf


INCLUSIVE CROSS SECTIONS AT  
N3LO
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HIGGS PRODUCTION

▸ Observable plagued by 
large corrections. 

▸ N3LO stabilises the 
expansion. 

▸ Here: Only QCD corrections 
with bands = scale variation 

P P ! H
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[Anastasiou, Duhr, Dulat, Herzog, BM, 15]

https://arxiv.org/pdf/1503.06056.pdf


▸ Electro-weak corrections. 

▸ Neglected quark mass effects. 

▸ Coupling to bottom, charm quarks. 

▸ Estimate uncertainties. 
 

▸ …
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Sources of Uncertainty

Much more than QCD corrections

Truncation of perturbative series

PDF, ↵S
<latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit>

[Dulat, Lazopoulos, BM,18]
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▸ Electro-weak corrections. 

▸ Neglected quark mass effects. 

▸ Coupling to bottom, charm quarks. 

▸ Estimate uncertainties. 
 

▸ …
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Sources of Uncertainty

Much more than QCD corrections

Truncation of perturbative series
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<latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit><latexit sha1_base64="7lQGfh50gkstUwAD1aHWQ4Qkm3M=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUCbbTbt0s0l3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKGvQWMSqHaBmgkvWMNwI1k4UwygQrBWMbmd+64kpzWP5aCYJ8yMcSB5yisZK7S6KZIi9h1654lbdOcgq8XJSgRz1Xvmr249pGjFpqECtO56bGD9DZTgVbFrqppolSEc4YB1LJUZM+9n83ik5s0qfhLGyJQ2Zq78nMoy0nkSB7YzQDPWyNxP/8zqpCa/9jMskNUzSxaIwFcTEZPY86XPFqBETS5Aqbm8ldIgKqbERlWwI3vLLq6R5UfXcqnd/Wand5HEU4QRO4Rw8uIIa3EEdGkBBwDO8wpszdl6cd+dj0Vpw8plj+APn8wfoWY/e</latexit>

[Dulat, Lazopoulos, BM,18]
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3000 fb�1
<latexit sha1_base64="zy9Y7lIZ6YB7l2VDe3BeUIKRn+Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5ZsFfRY9OKxgv2AdluyabYNzWaXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zM82PBtcH428mtrK6tb+Q3C1vbO7t7xf2Dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX90e3Ubz4ypXkkH8w4Zl5IBpIHnBJjpe4FxrhzhgK/m567k16xhMt4BrRM3IyUIEOtV/zq9COahEwaKojWbRfHxkuJMpwKNil0Es1iQkdkwNqWShIy7aWzqyfoxCp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODaS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoAo2BHfx5WXSqJRdXHbvL0vVmyyOPBzBMZyCC1dQhTuoQR0oKHiGV3hznpwX5935mLfmnGzmEP7A+fwBESKQ7Q==</latexit><latexit sha1_base64="zy9Y7lIZ6YB7l2VDe3BeUIKRn+Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5ZsFfRY9OKxgv2AdluyabYNzWaXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zM82PBtcH428mtrK6tb+Q3C1vbO7t7xf2Dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX90e3Ubz4ypXkkH8w4Zl5IBpIHnBJjpe4FxrhzhgK/m567k16xhMt4BrRM3IyUIEOtV/zq9COahEwaKojWbRfHxkuJMpwKNil0Es1iQkdkwNqWShIy7aWzqyfoxCp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODaS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoAo2BHfx5WXSqJRdXHbvL0vVmyyOPBzBMZyCC1dQhTuoQR0oKHiGV3hznpwX5935mLfmnGzmEP7A+fwBESKQ7Q==</latexit><latexit sha1_base64="zy9Y7lIZ6YB7l2VDe3BeUIKRn+Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5ZsFfRY9OKxgv2AdluyabYNzWaXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zM82PBtcH428mtrK6tb+Q3C1vbO7t7xf2Dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX90e3Ubz4ypXkkH8w4Zl5IBpIHnBJjpe4FxrhzhgK/m567k16xhMt4BrRM3IyUIEOtV/zq9COahEwaKojWbRfHxkuJMpwKNil0Es1iQkdkwNqWShIy7aWzqyfoxCp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODaS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoAo2BHfx5WXSqJRdXHbvL0vVmyyOPBzBMZyCC1dQhTuoQR0oKHiGV3hznpwX5935mLfmnGzmEP7A+fwBESKQ7Q==</latexit><latexit sha1_base64="zy9Y7lIZ6YB7l2VDe3BeUIKRn+Y=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBg5ZsFfRY9OKxgv2AdluyabYNzWaXJKuUpf/DiwdFvPpfvPlvTNs9aOuDgcd7M8zM82PBtcH428mtrK6tb+Q3C1vbO7t7xf2Dho4SRVmdRiJSLZ9oJrhkdcONYK1YMRL6gjX90e3Ubz4ypXkkH8w4Zl5IBpIHnBJjpe4FxrhzhgK/m567k16xhMt4BrRM3IyUIEOtV/zq9COahEwaKojWbRfHxkuJMpwKNil0Es1iQkdkwNqWShIy7aWzqyfoxCp9FETKljRopv6eSEmo9Tj0bWdIzFAvelPxP6+dmODaS7mME8MknS8KEoFMhKYRoD5XjBoxtoRQxe2tiA6JItTYoAo2BHfx5WXSqJRdXHbvL0vVmyyOPBzBMZyCC1dQhTuoQR0oKHiGV3hznpwX5935mLfmnGzmEP7A+fwBESKQ7Q==</latexit>

https://arxiv.org/abs/1802.00827
https://arxiv.org/abs/1802.00827


15P P ! �⇤
<latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit>

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

DRELL-YAN PRODUCTION
/W±/Z

<latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit>

/W±/Z
<latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit>

▸ Inclusive probability to produce a virtual vector boson that can decay into 
leptons or jets.  

▸ Very clean final state measured with incredible statistics. 

▸ Recently computed to N3LO in QCD perturbation theory

★K - Factors 

★Learn about the progression of perturbation theory 

★Learn about the precision achievable for such processes
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P P ! W+
<latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit>

Nominal XS:

▸ Percent level corrections. 

▸ Stable at large scales.  

▸ Permille scale variations.

[Duhr, Dulat, BM: CCDY]
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K-Factor

[Duhr, Dulat, BM: CCDY]

https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
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▸ Very similar corrections for 
CC and NC DY cross 
sections. 

▸ Gap at ~ 100 GeV of  
NNLO and N3LO bands. 

[Duhr, Dulat, BM: CCDY]

K-Factor

P P ! �⇤
<latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit>

/W±/Z
<latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit><latexit sha1_base64="d1QhNyh+R2ErHQhUFONOHUkVp24=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8Jbsi6DHoxWME88DNGmYns8mQeSwzs0II+QwvHhTx6td482+cJHvQxIKGoqqb7q445cxY3//2VlbX1jc2C1vF7Z3dvf3SwWHTqEwT2iCKK92OsaGcSdqwzHLaTjXFIua0FQ9vpn7riWrDlLy3o5RGAvclSxjB1klhFbUeO6lAVfTQLZX9ij8DWiZBTsqQo94tfXV6imSCSks4NiYM/NRGY6wtI5xOip3M0BSTIe7T0FGJBTXReHbyBJ06pYcSpV1Ji2bq74kxFsaMROw6BbYDs+hNxf+8MLPJVTRmMs0slWS+KMk4sgpN/0c9pimxfOQIJpq5WxEZYI2JdSkVXQjB4svLpHleCfxKcHdRrl3ncRTgGE7gDAK4hBrcQh0aQEDBM7zCm2e9F+/d+5i3rnj5zBH8gff5A0Y3j+4=</latexit>
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[Duhr, Dulat, BM: CCDY]

[Duhr, Dulat, BM: NCDY]

W+

W-

Photon

https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2001.07717.pdf
https://arxiv.org/pdf/2001.07717.pdf
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▸ Large cancellation of 
quark and gluon initial 
state. 

▸ Compensated by N3LO 
PDFs?? - currently missing. 

▸ Similar for W bosons.

P P ! �⇤
<latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit><latexit sha1_base64="DdaM4l2Fs2MJ6/pFksW806mHTu4=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgEESmJCHosevFYwX5AE8tku2mX7iZhd6OUUPDiX/HiQRGv/glv/hu3bQ7a+mDg8d4MM/OChDOlHefbKiwsLi2vFFdLa+sbm1v29k5DxakktE5iHstWAIpyFtG6ZprTViIpiIDTZjC4GvvNeyoVi6NbPUyoL6AXsZAR0Ebq2Hs17J2YkqzX1yBl/IC9HggBd8cdu+xUnAnwPHFzUkY5ah37y+vGJBU00oSDUm3XSbSfgdSMcDoqeamiCZAB9Gjb0AgEVX42+WGED43SxWEsTUUaT9TfExkIpYYiMJ0CdF/NemPxP6+d6vDCz1iUpJpGZLooTDnWMR4HgrtMUqL50BAgkplbMemDBKJNbCUTgjv78jxpnFZcp+LenJWrl3kcRbSPDtARctE5qqJrVEN1RNAjekav6M16sl6sd+tj2lqw8pld9AfW5w91mJbD</latexit>
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Non-overlapping scale bands: N3LO vs NNLO

Decompose partonic initial states:

[Duhr, Dulat, BM: NCDY]

https://arxiv.org/pdf/2001.07717.pdf
https://arxiv.org/pdf/2001.07717.pdf


19P P ! W+
<latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit><latexit sha1_base64="21YaWyQl0+67vxt8613Bc6hW/pg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEwVISEXRZdOMygn1AE8tkOmmHTjJh5kYpoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu994Sp4Boc59sqLC2vrK4V10sbm1vbO/buXkPLTFFWp1JI1QqJZoInrA4cBGulipE4FKwZDq7HfvOBKc1lcgfDlAUx6SU84pSAkTr2gedX/IrnK97rA1FKPuLm/WnHLjtVZwK8SNwZKaMZvI795XclzWKWABVE67brpBDkRAGngo1KfqZZSuiA9Fjb0ITETAf55PwRPjZKF0dSmUoAT9TfEzmJtR7GoemMCfT1vDcW//PaGUSXQc6TNAOW0OmiKBMYJB5ngbtcMQpiaAihiptbMe0TRSiYxEomBHf+5UXSOKu6TtW9PS/XrmZxFNEhOkInyEUXqIZukIfqiKIcPaNX9GY9WS/Wu/UxbS1Ys5l99AfW5w/yBpTS</latexit>

Large uncertainties related to PDFs:

▸ Currently: no N3LO 
PDFs 

▸ Strong Coupling 
Constant 

▸ PDFs themselves are 
not known to the level 
of QCD predictions

Per-Cent Level

Opportunity to push for better PDFs.
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[Duhr, Dulat, BM: CCDY]

https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf


20RATIOS OF CROSS SECTIONS
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W+ / W- W+ / Photon

W- / Photon
▸ Ratios of Cross Sections can be 

predicted very well. 

▸ Reduce systematics: Lumi-
Uncertainty, etc.



21CHARGE ASYMMETRY

Ac =

����
�W+ � �W�

�W+ + �W�

����
<latexit sha1_base64="UbBLOUKEL2c7j3BDyr+kaT5BXy8=">AAACNXicbVDLSsNAFJ34rPVVdekmWAShtCQi6EaounHhooJ9QBPDZDpJh04ezNwIJc1PufE/XOnChSJu/QWnD9C2Hrhw5px7mXuPG3MmwTBetYXFpeWV1dxafn1jc2u7sLPbkFEiCK2TiEei5WJJOQtpHRhw2ooFxYHLadPtXQ395gMVkkXhHfRjagfYD5nHCAYlOYWbC4ecW5x6MLA8gUlqSeYH2Emb96Ws/PsoZ9mUVZqyLMH8LgycQtGoGCPo88SckCKaoOYUnq1ORJKAhkA4lrJtGjHYKRbACKdZ3kokjTHpYZ+2FQ1xQKWdjq7O9EOldHQvEqpC0Efq34kUB1L2A1d1Bhi6ctYbiv957QS8MztlYZwADcn4Iy/hOkT6MEK9wwQlwPuKYCKY2lUnXazCAxV0XoVgzp48TxrHFdOomLcnxerlJI4c2kcH6AiZ6BRV0TWqoToi6BG9oHf0oT1pb9qn9jVuXdAmM3toCtr3D6rfrTA=</latexit><latexit sha1_base64="UbBLOUKEL2c7j3BDyr+kaT5BXy8=">AAACNXicbVDLSsNAFJ34rPVVdekmWAShtCQi6EaounHhooJ9QBPDZDpJh04ezNwIJc1PufE/XOnChSJu/QWnD9C2Hrhw5px7mXuPG3MmwTBetYXFpeWV1dxafn1jc2u7sLPbkFEiCK2TiEei5WJJOQtpHRhw2ooFxYHLadPtXQ395gMVkkXhHfRjagfYD5nHCAYlOYWbC4ecW5x6MLA8gUlqSeYH2Emb96Ws/PsoZ9mUVZqyLMH8LgycQtGoGCPo88SckCKaoOYUnq1ORJKAhkA4lrJtGjHYKRbACKdZ3kokjTHpYZ+2FQ1xQKWdjq7O9EOldHQvEqpC0Efq34kUB1L2A1d1Bhi6ctYbiv957QS8MztlYZwADcn4Iy/hOkT6MEK9wwQlwPuKYCKY2lUnXazCAxV0XoVgzp48TxrHFdOomLcnxerlJI4c2kcH6AiZ6BRV0TWqoToi6BG9oHf0oT1pb9qn9jVuXdAmM3toCtr3D6rfrTA=</latexit><latexit sha1_base64="UbBLOUKEL2c7j3BDyr+kaT5BXy8=">AAACNXicbVDLSsNAFJ34rPVVdekmWAShtCQi6EaounHhooJ9QBPDZDpJh04ezNwIJc1PufE/XOnChSJu/QWnD9C2Hrhw5px7mXuPG3MmwTBetYXFpeWV1dxafn1jc2u7sLPbkFEiCK2TiEei5WJJOQtpHRhw2ooFxYHLadPtXQ395gMVkkXhHfRjagfYD5nHCAYlOYWbC4ecW5x6MLA8gUlqSeYH2Emb96Ws/PsoZ9mUVZqyLMH8LgycQtGoGCPo88SckCKaoOYUnq1ORJKAhkA4lrJtGjHYKRbACKdZ3kokjTHpYZ+2FQ1xQKWdjq7O9EOldHQvEqpC0Efq34kUB1L2A1d1Bhi6ctYbiv957QS8MztlYZwADcn4Iy/hOkT6MEK9wwQlwPuKYCKY2lUnXazCAxV0XoVgzp48TxrHFdOomLcnxerlJI4c2kcH6AiZ6BRV0TWqoToi6BG9oHf0oT1pb9qn9jVuXdAmM3toCtr3D6rfrTA=</latexit><latexit sha1_base64="UbBLOUKEL2c7j3BDyr+kaT5BXy8=">AAACNXicbVDLSsNAFJ34rPVVdekmWAShtCQi6EaounHhooJ9QBPDZDpJh04ezNwIJc1PufE/XOnChSJu/QWnD9C2Hrhw5px7mXuPG3MmwTBetYXFpeWV1dxafn1jc2u7sLPbkFEiCK2TiEei5WJJOQtpHRhw2ooFxYHLadPtXQ395gMVkkXhHfRjagfYD5nHCAYlOYWbC4ecW5x6MLA8gUlqSeYH2Emb96Ws/PsoZ9mUVZqyLMH8LgycQtGoGCPo88SckCKaoOYUnq1ORJKAhkA4lrJtGjHYKRbACKdZ3kokjTHpYZ+2FQ1xQKWdjq7O9EOldHQvEqpC0Efq34kUB1L2A1d1Bhi6ctYbiv957QS8MztlYZwADcn4Iy/hOkT6MEK9wwQlwPuKYCKY2lUnXazCAxV0XoVgzp48TxrHFdOomLcnxerlJI4c2kcH6AiZ6BRV0TWqoToi6BG9oHf0oT1pb9qn9jVuXdAmM3toCtr3D6rfrTA=</latexit>

▸ One nice observable: 
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[Duhr, Dulat, BM: CCDY]

https://arxiv.org/pdf/2007.13313.pdf
https://arxiv.org/pdf/2007.13313.pdf


22THE EMERGING N3LO PICTURE

q
<latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit><latexit sha1_base64="6st+2unI49vTKzHpFrX8LltbNi8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN3N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOyXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB252M9Q==</latexit>

q̄
<latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit><latexit sha1_base64="tMeah9nUJC3rtBj6g4UkdRt9Hp0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJmdmadmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bRmWasjpVQulWhIYJLlndcitYK9UMk0iwZjS8mfrNJ6YNV/LejlIWJtiXPOYUrZManQg1eeyWyn7Fn4EskyAnZchR65a+Oj1Fs4RJSwUa0w781IZj1JZTwSbFTmZYinSIfdZ2VGLCTDieXTshp07pkVhpV9KSmfp7YoyJMaMkcp0J2oFZ9Kbif147s/FVOOYyzSyTdL4ozgSxikxfJz2uGbVi5AhSzd2thA5QI7UuoKILIVh8eZk0ziuBXwnuLsrV6zyOAhzDCZxBAJdQhVuoQR0oPMAzvMKbp7wX7937mLeuePnMEfyB9/kDKiCO2A==</latexit>

�⇤, Z⇤
<latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit><latexit sha1_base64="Hvg1ZgfV5L/6s7xhmmTI7aOUIEY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBZBSimJCHosevFYwbZik5bNdtMu3U3C7qZQQv+JFw+KePWfePPfuG1z0NYHA4/3ZpiZFyScKe0431ZhbX1jc6u4XdrZ3ds/sA+PWipOJaFNEvNYPgZYUc4i2tRMc/qYSIpFwGk7GN3O/PaYSsXi6EFPEuoLPIhYyAjWRurZtjfAQuBupYq8KnrqVnp22ak5c6BV4uakDDkaPfvL68ckFTTShGOlOq6TaD/DUjPC6bTkpYommIzwgHYMjbCgys/ml0/RmVH6KIylqUijufp7IsNCqYkITKfAeqiWvZn4n9dJdXjtZyxKUk0jslgUphzpGM1iQH0mKdF8YggmkplbERliiYk2YZVMCO7yy6ukdVFznZp7f1mu3+RxFOEETuEcXLiCOtxBA5pAYAzP8ApvVma9WO/Wx6K1YOUzx/AH1ucPKW2SCA==</latexit>

e+
<latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit><latexit sha1_base64="rLc6ULkuVOE7MppFfCePMo1qCQI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjxWtB/QxrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RRWVtfWN4qbpa3tnd298v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzDhBP6IDyUPOqLHSPT6e9coVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVz236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AHkEo2G</latexit>

e�
<latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit><latexit sha1_base64="ois9VRdzJDl8YfUuPCL+K3TrBO4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpHh/PeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPq55b9e4uKrXrPI4iHMExnIIHl1CDW6hDAxgM4Ble4c0Rzovz7nzMWwtOPnMIf+B8/gDnGo2I</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

b
<latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit><latexit sha1_base64="B8QOfSq5IKQ3NJiokTqrVfN3Ulk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AxOGM5g==</latexit>

b̄
<latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit><latexit sha1_base64="2XLTjSPb/gZ1uOjjtkiIp8ea2Tg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1uxE1JOqVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBE2SOyQ==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit>

▸ Corrections are at the order of a few percent. 

▸ N3LO stabilises the perturbative expansion. 

▸ Dependence on perturbative scales is reduced. 

▸ Let’s not forget other uncertainties of comparable size:  
(PDF / EWK / AlphaS/ …). 

▸ Interpretation of MHOU?

Processes at N3LO:

��N3LO

�NNLO
<latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit><latexit sha1_base64="nCiGybuTV8SUecWdKJ1frnbWxO4=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARXEhJVNBl0Y0LqRXsBZoQJpNJO3QmCTMToYS8hBtfxY0LRdwK7nwbp21Abf1h4Oc753Dm/H7CqFSW9WWUFhaXllfKq5W19Y3NLXN7py3jVGDSwjGLRddHkjAakZaiipFuIgjiPiMdf3g5rnfuiZA0ju7UKCEuR/2IhhQjpZFnHjmhQDhzAsIUgo6kfY68rHFyfZPDPPsBDQ1yz6xaNWsiOG/swlRBoaZnfjpBjFNOIoUZkrJnW4lyMyQUxYzkFSeVJEF4iPqkp22EOJFuNrkqhweaBDCMhX6RghP6eyJDXMoR93UnR2ogZ2tj+F+tl6rw3M1olKSKRHi6KEwZVDEcRwQDKghWbKQNwoLqv0I8QDompYOs6BDs2ZPnTfu4Zls1+/a0Wr8o4iiDPbAPDoENzkAdXIEmaAEMHsATeAGvxqPxbLwZ79PWklHM7II/Mj6+AVybnuw=</latexit>

�1.4%
<latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit><latexit sha1_base64="xERCI+X7ebPBNusaWVnU8E5rkrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LJaCF0siBT0WvXisYD+gDWWznbRLN5uwuxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mmmCfkRHkoecUWOlzqVXq5N+dVCuuDV3AbJOvJxUIEdzUP7qD2OWRigNE1Trnucmxs+oMpwJnJX6qcaEsgkdYc9SSSPUfrY4d0aqVhmSMFa2pCEL9fdERiOtp1FgOyNqxnrVm4v/eb3UhDd+xmWSGpRsuShMBTExmf9OhlwhM2JqCWWK21sJG1NFmbEJlWwI3urL66R9VfPcmvdQrzRu8ziKcAbncAEeXEMD7qEJLWAwgWd4hTcncV6cd+dj2Vpw8plT+APn8wco844h</latexit>

�2.3%
<latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit><latexit sha1_base64="DAPB43iL6HHZ9+oMG74IeKB8DIQ=">AAAB7nicbVBNS8NAEJ34WetX1aOXxVLwYkiqoMeiF48V7Ae0oWy2m3bpZhN2J0Ip/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+nbX1jc2t7cJOcXdv/+CwdHTcNEmmGW+wRCa6HVLDpVC8gQIlb6ea0ziUvBWO7mZ+64lrIxL1iOOUBzEdKBEJRtFKrYuqe0m6lV6p7LneHGSV+DkpQ456r/TV7Scsi7lCJqkxHd9LMZhQjYJJPi12M8NTykZ0wDuWKhpzE0zm505JxSp9EiXalkIyV39PTGhszDgObWdMcWiWvZn4n9fJMLoJJkKlGXLFFouiTBJMyOx30heaM5RjSyjTwt5K2JBqytAmVLQh+Msvr5Jm1fU913+4Ktdu8zgKcApncA4+XEMN7qEODWAwgmd4hTcndV6cd+dj0brm5DMn8AfO5w8o9Y4h</latexit>

3.5%
<latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit><latexit sha1_base64="Z/AXCCnETRW7oed4l0ZF7bGUPjA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CZaCp2VXK3osevFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737RTW1jc2t4rbpZ3dvf2D8uFRS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTsc38789hNVmknxYCYJDWI8FCxiBBsrtS7cS9Sr9ssVz/XmQKvEz0kFcjT65a/eQJI0psIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupwDHVQTa/doqqVhmgSCpbwqC5+nsiw7HWkzi0nTE2I73szcT/vG5qousgYyJJDRVksShKOTISzV5HA6YoMXxiCSaK2VsRGWGFibEBlWwI/vLLq6R17vqe69/XKvWbPI4inMApnIEPV1CHO2hAEwg8wjO8wpsjnRfn3flYtBacfOYY/sD5/AHDTY3t</latexit>

https://arxiv.org/abs/2001.07717
https://arxiv.org/abs/1904.09990
https://arxiv.org/abs/1802.00833


23PRECISION LHC PHYSICS

What would we wish for?

▸ Make theoretical uncertainty irrelevant. 

▸ Easy framework to produce realistic 
predictions for any LHC observable 
with cutting edge precision. 

▸ N3LO accurate perturbative 
predictions matched to parton showers 
and resumed in every possible corner.



24PRECISION LHC PHYSICS

What would we wish for?

We need better techniques, better 
algorithms, … , better everything!

▸ Make theoretical uncertainty irrelevant. 

▸ Easy framework to produce realistic 
predictions for any LHC observable 
with cutting edge precision. 

▸ N3LO accurate perturbative 
predictions matched to parton showers 
and resumed in every possible corner.



TOWARDS DIFFERENTIAL  
N3LO

25



AT N3LO: 26

▸ qT - Subtraction / Slicing: Algorithm to handle infrared singularities 
when integrating over final state partons. 

▸ Relatively “simple”. 

▸ Applied to colourless (+ ttbar) final states. 
 

▸ Successful at NNLO: MATRIX, etc.

q?
<latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit>

�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit> H

⇤
<latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit>

bbH
<latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

ZH
<latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit>

WH
<latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>
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Anyhow NLO
Approximate NNLO

+O(p2T )
<latexit sha1_base64="qNv5UO0/Kmpzl0SUupGjjq9WQ6I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahIpSkCLosunFnhb6gjWEynbZDJw9mJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1zvIgzqSzr2yisrW9sbhW3Szu7e/sH5uFRR4axILRNQh6Knocl5SygbcUUp71IUOx7nHa96U3mdx+pkCwMWiqJqOPjccBGjGClJdcsnw98rCYE8/RuVo3c1kP9zDUrVs2aA60SOycVyNF0za/BMCSxTwNFOJayb1uRclIsFCOczkqDWNIIkyke076mAfapdNJ5+Bk61coQjUKhX6DQXP29kWJfysT39GSWVC57mfif14/V6MpJWRDFigZkcWgUc6RClDWBhkxQoniiCSaC6ayITLDAROm+SroEe/nLq6RTr9lWzb6/qDSu8zqKcAwnUAUbLqEBt9CENhBI4Ble4c14Ml6Md+NjMVow8p0y/IHx+QOeO5QV</latexit><latexit sha1_base64="qNv5UO0/Kmpzl0SUupGjjq9WQ6I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahIpSkCLosunFnhb6gjWEynbZDJw9mJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1zvIgzqSzr2yisrW9sbhW3Szu7e/sH5uFRR4axILRNQh6Knocl5SygbcUUp71IUOx7nHa96U3mdx+pkCwMWiqJqOPjccBGjGClJdcsnw98rCYE8/RuVo3c1kP9zDUrVs2aA60SOycVyNF0za/BMCSxTwNFOJayb1uRclIsFCOczkqDWNIIkyke076mAfapdNJ5+Bk61coQjUKhX6DQXP29kWJfysT39GSWVC57mfif14/V6MpJWRDFigZkcWgUc6RClDWBhkxQoniiCSaC6ayITLDAROm+SroEe/nLq6RTr9lWzb6/qDSu8zqKcAwnUAUbLqEBt9CENhBI4Ble4c14Ml6Md+NjMVow8p0y/IHx+QOeO5QV</latexit><latexit sha1_base64="qNv5UO0/Kmpzl0SUupGjjq9WQ6I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahIpSkCLosunFnhb6gjWEynbZDJw9mJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1zvIgzqSzr2yisrW9sbhW3Szu7e/sH5uFRR4axILRNQh6Knocl5SygbcUUp71IUOx7nHa96U3mdx+pkCwMWiqJqOPjccBGjGClJdcsnw98rCYE8/RuVo3c1kP9zDUrVs2aA60SOycVyNF0za/BMCSxTwNFOJayb1uRclIsFCOczkqDWNIIkyke076mAfapdNJ5+Bk61coQjUKhX6DQXP29kWJfysT39GSWVC57mfif14/V6MpJWRDFigZkcWgUc6RClDWBhkxQoniiCSaC6ayITLDAROm+SroEe/nLq6RTr9lWzb6/qDSu8zqKcAwnUAUbLqEBt9CENhBI4Ble4c14Ml6Md+NjMVow8p0y/IHx+QOeO5QV</latexit><latexit sha1_base64="qNv5UO0/Kmpzl0SUupGjjq9WQ6I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBahIpSkCLosunFnhb6gjWEynbZDJw9mJkII9VfcuFDErR/izr9x0mahrQcGDufcyz1zvIgzqSzr2yisrW9sbhW3Szu7e/sH5uFRR4axILRNQh6Knocl5SygbcUUp71IUOx7nHa96U3mdx+pkCwMWiqJqOPjccBGjGClJdcsnw98rCYE8/RuVo3c1kP9zDUrVs2aA60SOycVyNF0za/BMCSxTwNFOJayb1uRclIsFCOczkqDWNIIkyke076mAfapdNJ5+Bk61coQjUKhX6DQXP29kWJfysT39GSWVC57mfif14/V6MpJWRDFigZkcWgUc6RClDWBhkxQoniiCSaC6ayITLDAROm+SroEe/nLq6RTr9lWzb6/qDSu8zqKcAwnUAUbLqEBt9CENhBI4Ble4c14Ml6Md+NjMVow8p0y/IHx+QOeO5QV</latexit>

https://arxiv.org/pdf/1711.06631.pdf
https://arxiv.org/pdf/1711.06631.pdf


AT N3LO: 27

▸ Application to the Higgs Rapidity distribution in ggF!

q?
<latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit>

[Cieri et al.]

▸ H+J at NNLO + approximate 
approximation below cut. 

▸ Numerically very challenging! 

▸ Nice perturbative progression at 
differential N3LO

Y =
1

2
log

✓
2P1ph
2P2ph

◆

<latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit>

https://arxiv.org/pdf/1807.11501.pdf


BEAM FUNCTIONS AT N3LO: 28

▸ Last missing universal ingredient for qT subtraction at N3LO. 

▸ All channels, fully analytic. 

▸ Can be used to create fully  
differential predictions for 
arbitrary colour 
 singlet processes at N3LO.

q?
<latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit><latexit sha1_base64="XYD/QjJ29hlcTOuup0rvS+D7kOQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhs7PjzKwQQj7CiwdFvPo93vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZpphg2WilS3I2pQcIkNy63AttJIk0hgKxrdzvzWE2rDU/lgxwrDhA4kjzmj1kmtx15XoVa9csWv+nOQVRLkpAI56r3yV7efsixBaZmgxnQCX9lwQrXlTOC01M0MKspGdIAdRyVN0IST+blTcuaUPolT7UpaMld/T0xoYsw4iVxnQu3QLHsz8T+vk9n4OpxwqTKLki0WxZkgNiWz30mfa2RWjB2hTHN3K2FDqimzLqGSCyFYfnmVNC+qgV8N7i8rtZs8jiKcwCmcQwBXUIM7qEMDGIzgGV7hzVPei/fufSxaC14+cwx/4H3+AHajj6M=</latexit>
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�⇤
<latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit><latexit sha1_base64="IbtetI0G3rtSPbzb4QxBGI+7ZVs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXisYD+gjWWy3bRLd5O4uxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TRVmDxiJW7QA1EzxiDcONYO1EMZSBYK1gdDP1W09MaR5H92acMF/iIOIhp2is1O4OUEp8OOuVK27VnYEsEy8nFchR75W/uv2YppJFhgrUuuO5ifEzVIZTwSalbqpZgnSEA9axNELJtJ/N7p2QE6v0SRgrW5EhM/X3RIZS67EMbKdEM9SL3lT8z+ukJrzyMx4lqWERnS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEya51XPrXp3F5XadR5HEY7gGE7Bg0uowS3UoQEUBDzDK7w5j86L8+58zFsLTj5zCH/gfP4ApBSPsQ==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

H
<latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit><latexit sha1_base64="venyS6Wb6PztQ7mRn1xiaVoAroY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ/dzvPKHSPJYPZpqgH9GR5CFn1FipWR+UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXldqd3kcRTiDc7gED26gBnVoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AnXmMzA==</latexit> H

⇤
<latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit><latexit sha1_base64="oieQYW6igwCjxDHBvGYPKf3XzHI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSKIh5KIoMeilx4r2g9oY9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLHSfe3xvFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7dUJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2b9LlCZsTYEsoUt7cSNqSKMmPTKdoQvMWXl0nzouK5Fe/usly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OcF6cd+dj3rri5DNH8AfO5w+2YI1o</latexit>

bbH
<latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit><latexit sha1_base64="erf23+HTXihzt3QM1nVZ+REnV84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKD0HQGJQrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4dUYurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVc+tevfXlfptHkcRzuAcLsGDGtShAU1oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHxGXjaQ=</latexit>

G
<latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit><latexit sha1_base64="tUjvE4wkWRlcVIxRgxZQP+zWaG8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRgx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzCRBP6JDyUPOqLFS465frrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ66LquVWvcVmp3eRxFOEETuEcPLiCGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHm/WMyw==</latexit>

ZH
<latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit><latexit sha1_base64="Lvm5G6KeJzG8vU7h7txZ9UzAE+E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRS49V7Ae2oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2il+8d6v1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVjbjxs/mlU3JmlQEJY21LIZmrvycyGhkziQLbGVEcmWVvJv7ndVMMr/1MqCRFrthiUZhKgjGZvU0GQnOGcmIJZVrYWwkbUU0Z2nBKNgRv+eVV0rqoem7Vu7us1G7yOIpwAqdwDh5cQQ3q0IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5A0sujTA=</latexit>

WH
<latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit><latexit sha1_base64="fVqkjLjEodpBqSOxzSM2e6kpD9U=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx6r2A9oQ9lsJ+3SzSbsboQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1FjpodMYlCtu1V2ArBMvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwJnpX6qMaFsQkfYs1TSCLWfLS6dkQurDEkYK1vSkIX6eyKjkdbTKLCdETVjverNxf+8XmrCGz/jMkkNSrZcFKaCmJjM3yZDrpAZMbWEMsXtrYSNqaLM2HBKNgRv9eV10r6qem7Vu7+u1G/zOIpwBudwCR7UoA4NaEILGITwDK/w5kycF+fd+Vi2Fpx85hT+wPn8AUafjS0=</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

Z
<latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit><latexit sha1_base64="GVcMqvlue25tqa0uw4YcPnBW1rQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae2oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHst7M0nQj+hQ8pAzaqzUeOiXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBuMGM3g==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

W
<latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit><latexit sha1_base64="o/0FzsBL3RYmF5/CyyQl+AT/aeU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2RmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtDWM2w==</latexit>

In other news: We also computed the  
                           N-Jettiness Beam Functions at N3LO.

[Ebert,BM,Vita]

[Ebert,BM,Vita]

See also [Luo et al.,1912.05778]

[Ebert,BM,Vita]

https://arxiv.org/abs/2006.05329
http://www.apple.com/uk
https://arxiv.org/abs/2006.05329
https://arxiv.org/abs/2006.03056
https://arxiv.org/abs/2006.03056
https://arxiv.org/abs/1912.05778
https://arxiv.org/abs/1912.05778
https://arxiv.org/abs/2006.05329
http://www.apple.com/uk
https://arxiv.org/abs/2006.05329
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▸ Inclusive VBF Higgs production:

Still differential in Higgs momentum!
▸ Approximate N3LO cross section:  

Structure functions!
analytic!

▸ Even VBF HH production at N3LO!

[Dreyer, Karlberg; 16]

[Dreyer, Karlberg; 18]

[Dreyer, Karlberg; 16]

https://arxiv.org/pdf/1606.00840.pdf
https://arxiv.org/pdf/1811.07906.pdf
https://arxiv.org/pdf/1606.00840.pdf
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[Dulat, BM,Pelloni,18]

▸ Higgs boson rapidity 
distribution. 

▸ Gluon - Fusion 

▸ Analytic calculation: 
tailored for this observable. 

▸ Differential K-factor is very 
similar to inclusive K-factor!

Y =
1

2
log

✓
2P1ph
2P2ph

◆

<latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit>

https://arxiv.org/pdf/1810.09462
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[Dulat, BM,Pelloni,18]

Evaluates in minutes!

▸ Higgs boson rapidity 
distribution. 

▸ Gluon - Fusion 

▸ Analytic calculation: 
tailored for this observable. 

▸ Differential K-factor is very 
similar to inclusive K-factor!

Y =
1

2
log
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<latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit><latexit sha1_base64="mkwBKckOwx9+xxcoyvBxvwMwTck=">AAACIHicbZDLSsNAFIYnXmu9VV26GSxC3ZSkCHUjFN24rGAv0oQwmU7aoZMLMydCCXkUN76KGxeK6E6fxkmbhbb+MPDxn3M4c34vFlyBaX4ZK6tr6xubpa3y9s7u3n7l4LCrokRS1qGRiGTfI4oJHrIOcBCsH0tGAk+wnje5zuu9ByYVj8I7mMbMCcgo5D6nBLTlVpr3l7YvCU2tLG1ktohGtmA+1OZmo+1aOHbHWU6NGdmSj8Zw5laqZt2cCS+DVUAVFWq7lU97GNEkYCFQQZQaWGYMTkokcCpYVrYTxWJCJ2TEBhpDEjDlpLMDM3yqnSH2I6lfCHjm/p5ISaDUNPB0Z0BgrBZruflfbZCAf+GkPIwTYCGdL/ITgSHCeVp4yCWjIKYaCJVc/xXTMdHRgM60rEOwFk9ehm6jbpl16/a82roq4iihY3SCashCTdRCN6iNOoiiR/SMXtGb8WS8GO/Gx7x1xShmjtAfGd8/CLWi3Q==</latexit>

https://arxiv.org/pdf/1810.09462
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PROJECTION TO BORN

� ⇠

Z

0

dx

x
F (x)O(x)

<latexit sha1_base64="j7lq91C42VhB5NaYayu9vfZEFk0=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVREHdWsA/oDCWTZtrQJDMkGWkZ5jfc+CtuXCjiUlf+jZl2Ftp6IOHknHvJvSeIGVXacb6tpeWV1bX10kZ5c2t7Z9fe22+pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyucr/9QKSikbjXk5j4HA0EDSlG2kg92/EUHXBkbu5RoXsO9EKJcNofZ+k4g9fV8YnHkR5ixNLbzLx6dsWpOVPAReIWpAIKNHr2p9ePcMKJ0JghpbquE2s/RVJTzEhW9hJFYoRHaEC6hgrEifLT6WYZPDZKH4aRNEdoOFV/d6SIKzXhganMp1TzXi7+53UTHV74KRVxoonAs4/ChEEdwTwm2KeSYM0mhiAsqZkV4iEyyWgTZtmE4M6vvEhapzXXqbl3Z5X6ZRFHCRyCI1AFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MSpesoucA/IH19QOdg6Ck</latexit><latexit sha1_base64="j7lq91C42VhB5NaYayu9vfZEFk0=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVREHdWsA/oDCWTZtrQJDMkGWkZ5jfc+CtuXCjiUlf+jZl2Ftp6IOHknHvJvSeIGVXacb6tpeWV1bX10kZ5c2t7Z9fe22+pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyucr/9QKSikbjXk5j4HA0EDSlG2kg92/EUHXBkbu5RoXsO9EKJcNofZ+k4g9fV8YnHkR5ixNLbzLx6dsWpOVPAReIWpAIKNHr2p9ePcMKJ0JghpbquE2s/RVJTzEhW9hJFYoRHaEC6hgrEifLT6WYZPDZKH4aRNEdoOFV/d6SIKzXhganMp1TzXi7+53UTHV74KRVxoonAs4/ChEEdwTwm2KeSYM0mhiAsqZkV4iEyyWgTZtmE4M6vvEhapzXXqbl3Z5X6ZRFHCRyCI1AFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MSpesoucA/IH19QOdg6Ck</latexit><latexit sha1_base64="j7lq91C42VhB5NaYayu9vfZEFk0=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVREHdWsA/oDCWTZtrQJDMkGWkZ5jfc+CtuXCjiUlf+jZl2Ftp6IOHknHvJvSeIGVXacb6tpeWV1bX10kZ5c2t7Z9fe22+pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyucr/9QKSikbjXk5j4HA0EDSlG2kg92/EUHXBkbu5RoXsO9EKJcNofZ+k4g9fV8YnHkR5ixNLbzLx6dsWpOVPAReIWpAIKNHr2p9ePcMKJ0JghpbquE2s/RVJTzEhW9hJFYoRHaEC6hgrEifLT6WYZPDZKH4aRNEdoOFV/d6SIKzXhganMp1TzXi7+53UTHV74KRVxoonAs4/ChEEdwTwm2KeSYM0mhiAsqZkV4iEyyWgTZtmE4M6vvEhapzXXqbl3Z5X6ZRFHCRyCI1AFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MSpesoucA/IH19QOdg6Ck</latexit><latexit sha1_base64="j7lq91C42VhB5NaYayu9vfZEFk0=">AAACGXicbVDLSgMxFM34rPU16tJNsAh1U2ZE0GVREHdWsA/oDCWTZtrQJDMkGWkZ5jfc+CtuXCjiUlf+jZl2Ftp6IOHknHvJvSeIGVXacb6tpeWV1bX10kZ5c2t7Z9fe22+pKJGYNHHEItkJkCKMCtLUVDPSiSVBPGCkHYyucr/9QKSikbjXk5j4HA0EDSlG2kg92/EUHXBkbu5RoXsO9EKJcNofZ+k4g9fV8YnHkR5ixNLbzLx6dsWpOVPAReIWpAIKNHr2p9ePcMKJ0JghpbquE2s/RVJTzEhW9hJFYoRHaEC6hgrEifLT6WYZPDZKH4aRNEdoOFV/d6SIKzXhganMp1TzXi7+53UTHV74KRVxoonAs4/ChEEdwTwm2KeSYM0mhiAsqZkV4iEyyWgTZtmE4M6vvEhapzXXqbl3Z5X6ZRFHCRyCI1AFLjgHdXADGqAJMHgEz+AVvFlP1ov1bn3MSpesoucA/IH19QOdg6Ck</latexit>

=

Z

0

dx

x
F (x) [O(x)�O(0)] +O(0)�integrated

<latexit sha1_base64="QC4wEoG4MwI5KrQA1JGQtMhCoXk="></latexit><latexit sha1_base64="QC4wEoG4MwI5KrQA1JGQtMhCoXk="></latexit><latexit sha1_base64="QC4wEoG4MwI5KrQA1JGQtMhCoXk="></latexit><latexit sha1_base64="QC4wEoG4MwI5KrQA1JGQtMhCoXk="></latexit>

The perfect subtraction method!

NEW SUBTRACTION TECHNIQUES
[Cacciari,Dreyer,Karlberg,Salam,Zanderighi; 15]

(Subtraction term always identically cancels divergences if applicable.)

★Fully differential calculation of F+J at NNLO. 

★ Inclusive N3LO F cross section differential in Born variables.

N3LO Cross Section to produce F  - Required ingredients:

https://arxiv.org/pdf/1506.02660.pdf
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YH
<latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit><latexit sha1_base64="Zae+y22CBWXybzJmKQETaAHKB2w=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lV0R9Fj00mMF+yHtUrJptg1NskuSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdop7+7tHxxWjo7bJk41ZS0ai1h3Q2KY4Iq1LLeCdRPNiAwF64STu9zvPDFteKwe7DRhgSQjxSNOic2lx0EDDypVr+bNgVeJX5AqFGgOKl/9YUxTyZSlghjT873EBhnRllPBZuV+alhC6ISMWM9RRSQzQTa/dYbPnTLEUaxdKYvn6u+JjEhjpjJ0nZLYsVn2cvE/r5fa6CbIuEpSyxRdLIpSgW2M88fxkGtGrZg6Qqjm7lZMx0QTal08ZReCv/zyKmlf1nyv5t9fVeu3RRwlOIUzuAAfrqEODWhCCyiM4Rle4Q1J9ILe0ceidQ0VMyfwB+jzB1W6jcI=</latexit>

H + J
<latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit><latexit sha1_base64="vUKgxyGSDwdt8tuYbKQsJWjr2tc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSIIQklE0GPRS/FU0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut7Oyura+sVnYKm7v7O7tlw4OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHmrnd71S2a24M5Bl4uWkDDnqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZqRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjtZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTtGG4C2+vEyaFxXPrXj3l+XqTR5HAY7hBM7AgyuoQg3q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AmWGNVQ==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

▸ Define a fiducial volume 

P P ! H +X ! �� +X
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+Photon Isolation

PROJECTION TO BORN
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Preliminary Preliminary

[Chen,Dulat,Gehrmann, Glover,Huss,BM,Pelloni, to appear]
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The conclusions we can derive from precise measurements are 
the legacy of the LHC. Their interpretation will deepen our 
understanding and shed new light on the fundamental 
interactions of nature.

▸ N3LO  
is the precision frontier

▸ First steps to differential N3LO

35

THANK YOU!
▸ Many challenges ahead!

CROSS SECTIONS AT N3LO

▸ Universal Picture: 
Percent level corrections at N3LO


