
A. Papaefstathiou

Andreas Papaefstathiou

How much (joint) 
Resummation do we need?

[Parton Showers, Event Generators and Resummation (PSR19), 
Erwin Schrödinger International Institute for Mathematics and Physics, 

11-13 June 2019]

[with Gillian Lustermans & 
Wouter Waalewijn]



A. Papaefstathiou

Why go exclusive?

Precise understanding of Jets properties & substructure:

➜ confirm SM @ higher accuracy ↔ identify deviations.

➜ multivariate analyses, 

➜ correlations.
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Monte Carlos 

➜ “Fully Multi-differential” 
predictions of observables.

Analytic Resummation

➜ Possible to systematically 
improve.

[?]

Difficult to systematically improve. Difficult to make more differential.
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Analytic Resummation is hard to make more 
differential.

➜ How much effort should we put into trying? 

Noptimal = ?➜d�

dO1dO2...dON

����
Resummed

<latexit sha1_base64="Jy4lc3qEtXOhZb5bNp7VfEe+Zic="></latexit>

[e.g. Procura, Waalewijn, Zeune, 1806.10622]
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Answer in case study:

1. Start: “Flat” phase space MC: N observables 𝒪. [PhSp]

2. Reweigh by calculation for N observables 𝒪 [MC or Resummation].

3. Look at “other” (not Reweighed) observables , 

4. Compare Reweighed [RW] prediction ↔ to MC or Resummation.

[5. Profit!]
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d�

dO1dO2

����
PhSp

<latexit sha1_base64="KxQZA2tXylHVRT6nSGm4x9Ai0mk="></latexit>

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>
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<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>
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dO1dO2

���
PhSp

d�
dO1

���
PhSp

<latexit sha1_base64="gQGH8ot/K4d3b9ZkgbvUs8FV3Dg="></latexit>

Make “Flat” in 
dimension 𝒪1:

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>



A. Papaefstathiou

Reweighing

!7

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>
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<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

d�
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���
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<latexit sha1_base64="gQGH8ot/K4d3b9ZkgbvUs8FV3Dg="></latexit>

Reweigh by
 MC 𝒪1 distribution

d�
dO1dO2

���
PhSp

d�
dO1

���
PhSp

⇥
d�

dO1

����
MC

<latexit sha1_base64="2TwrftR1DObqc7R0VVRK0n0K+Xo="></latexit>

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>O2

<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>
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<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

Drawn for illustrative purposes!

In general, 𝒪1-𝒪2 are correlated!
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O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

Drawn for illustrative purposes!

In general, 𝒪1-𝒪2 are correlated!
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O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

Drawn for illustrative purposes!

In general, 𝒪1-𝒪2 are correlated!

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>
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Projecting down

!9

Compare “other” 
observable:

d�

dO2

����
RW

=

Z
dO1

d�
dO1dO2

���
PhSp

d�
dO1

���
PhSp

⇥
d�

dO1

����
MC

<latexit sha1_base64="8o9Od5yBa6WZ1afzZIK/pwJLNl4="></latexit>

d�

dO2

����
RW

<latexit sha1_base64="BJ1uA/4NfOKI+3vdwgbpSSucXZM="></latexit>

d�

dO2

����
MC

<latexit sha1_base64="YhHrCw00bMukfSAzfb5Np68PvGc="></latexit>

“prediction” “truth”
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Projecting down

!10

via:

“goodness of fit”

Compare “other” 
observable:

d�

dO2

����
RW

<latexit sha1_base64="BJ1uA/4NfOKI+3vdwgbpSSucXZM="></latexit>

d�

dO2

����
MC

<latexit sha1_base64="YhHrCw00bMukfSAzfb5Np68PvGc="></latexit>

�2(O2) =
X

bin i

"
d�

dO2

����
RW,i

�
d�

dO2

����
MC,i

#2

<latexit sha1_base64="ZqwWgbuxof+FKPOeXSX15o02WP8="></latexit>
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Flat Phase Space Monte Carlo

!11

Total momentum conservation

d�n(pi|Q) = �(
X

i

pi �Q)
Y

i

d4pi�(p
2
i )✓(p

0
i )

<latexit sha1_base64="my9z3vpQJ/epAVuUELXUvN734e4="></latexit>



A. Papaefstathiou

Flat Phase Space Monte Carlo

!11

Total momentum conservation
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i
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0
i )

<latexit sha1_base64="my9z3vpQJ/epAVuUELXUvN734e4="></latexit>

[Plätzer, 1308.2922]→ Use Simon’s “RAMBO on diet” [Thanks!]. 
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Flat Phase Space Monte Carlo

!11

Total momentum conservation

d�n(pi|Q) = �(
X

i

pi �Q)
Y

i

d4pi�(p
2
i )✓(p

0
i )

<latexit sha1_base64="my9z3vpQJ/epAVuUELXUvN734e4="></latexit>

[Plätzer, 1308.2922]→ Use Simon’s “RAMBO on diet” [Thanks!]. 

→ with a “twist”: importance sampling for our observables . 
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The setup

!12

e+e� ! jj
<latexit sha1_base64="fgT+AFjaLRcujsV4Zy7wuZamBQg=">AAACAHicbVA9SwNBEN2LXzF+nVpY2CwGQRDDXRS0DNpYRjAfkFzC3maSbLJ3e+zuKeFI41+xsVDE1p9h579xk1yhiQ8GHu/NMDPPjzhT2nG+rczS8srqWnY9t7G5tb1j7+5VlYglhQoVXMi6TxRwFkJFM82hHkkggc+h5g9vJn7tAaRiIrzXowi8gPRC1mWUaCO17QNonWJoneGmZL2+JlKKRzzAg7addwrOFHiRuCnJoxTltv3V7AgaBxBqyolSDdeJtJcQqRnlMM41YwURoUPSg4ahIQlAecn0gTE+NkoHd4U0FWo8VX9PJCRQahT4pjMguq/mvYn4n9eIdffKS1gYxRpCOlvUjTnWAk/SwB0mgWo+MoRQycytmPaJJFSbzHImBHf+5UVSLRbc80Lx7iJfuk7jyKJDdIROkIsuUQndojKqIIrG6Bm9ojfryXqx3q2PWWvGSmf20R9Ynz8NKpVs</latexit>

Process:

[no hadronisation/non-perturbative effects.]

at fixed Q.

Analysis: Exclusive kT algorithm ➜ 2 jets,
“Winner-Takes-All” recombination:

~̂pAB = hardest of(~̂pA, ~̂pB)
<latexit sha1_base64="nwuxDRCSV4znfi1lI8vvLGd3Uk8="></latexit>

A+B ! (AB) :
<latexit sha1_base64="/iIBScHrHpLVpX7zQ+8KsizorfY=">AAACAHicbVDLSgNBEJyNrxhfqx48eBkMQkQIu1FQPCXx4jGCeUCyhNnJbDJkdmeZ6VXCkou/4sWDIl79DG/+jZPHQaMFDUVVN91dfiy4Bsf5sjJLyyura9n13Mbm1vaOvbvX0DJRlNWpFFK1fKKZ4BGrAwfBWrFiJPQFa/rD64nfvGdKcxndwShmXkj6EQ84JWCkrn1Qwae4ijuK9wdAlJIPuFCpnlx17bxTdKbAf4k7J3k0R61rf3Z6kiYhi4AKonXbdWLwUqKAU8HGuU6iWUzokPRZ29CIhEx76fSBMT42Sg8HUpmKAE/VnxMpCbUehb7pDAkM9KI3Ef/z2gkEl17KozgBFtHZoiARGCSepIF7XDEKYmQIoYqbWzEdEEUomMxyJgR38eW/pFEqumfF0u15vlydx5FFh+gIFZCLLlAZ3aAaqiOKxugJvaBX69F6tt6s91lrxprP7KNfsD6+AY9olHY=</latexit>

[MCs: HERWIG 7, 
Pythia 8]

[➜ Recoil-
insensitive]



A. Papaefstathiou

The observables

!13

Jet Angularities: e↵ ⇠ 1

Q

X

i

Ei✓
↵
i

<latexit sha1_base64="bPitvwgSy5T2jYJbwFLKL08b8Vk="></latexit>

WTAθi

Ei

α = 2 ~ Thrust
α = 1 ~ Total broadening 

[over both jets]



A. Papaefstathiou

The observables

!14

Jet Angularities:

WTAθi

Ei Actually look at

e↵ =
2

Q

X

i

Ei


sin

✓
✓i
2

◆�↵

<latexit sha1_base64="ILuvniVXj1oO7ywLF3fXwAomi2M="></latexit>

[over both jets]



A. Papaefstathiou

The observables

!14

Jet Angularities:

WTAθi

Ei

log10 e↵
<latexit sha1_base64="I0KFzjSzo+DXoWnfshzJOXk+eFc=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIq6LHoxWMF+wFNCJPtpl262YTdjVhC/ooXD4p49Y9489+4bXPQ1gcDj/dmmJkXppwp7Tjf1tr6xubWdmWnuru3f3BoH9W6KskkoR2S8ET2Q1CUM0E7mmlO+6mkEIec9sLJ7czvPVKpWCIe9DSlfgwjwSJGQBspsGseT0ZB7joFpoEHPB1DYNedhjMHXiVuSeqoRDuwv7xhQrKYCk04KDVwnVT7OUjNCKdF1csUTYFMYEQHhgqIqfLz+e0FPjPKEEeJNCU0nqu/J3KIlZrGoemMQY/VsjcT//MGmY6u/ZyJNNNUkMWiKONYJ3gWBB4ySYnmU0OASGZuxWQMEog2cVVNCO7yy6uk22y4F43m/WW9dVPGUUEn6BSdIxddoRa6Q23UQQQ9oWf0it6swnqx3q2PReuaVc4coz+wPn8AWu+T/w==</latexit>

Actually look at

e↵ =
2

Q

X

i

Ei


sin

✓
✓i
2

◆�↵

<latexit sha1_base64="ILuvniVXj1oO7ywLF3fXwAomi2M="></latexit>

[over both jets]
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The “best” Angularity set

!15

➜ Get “best” RW angularity set ➜ by minimising 
sum of the χ2 over all “other” angularities:

min
X

↵

�2(↵)
<latexit sha1_base64="Gb3WuKWwhtGy04J9h9QeIawf9b8=">AAACKHicbVDLTgIxFO3gC/E16tKFjcQEN2QGTXRJdOMSE3kkDE46nQINbWfSdoiEsPRndKv/4c6w9RP8AgszCwFP0uT0nHtz7z1BzKjSjjO1cmvrG5tb+e3Czu7e/oF9eNRQUSIxqeOIRbIVIEUYFaSuqWakFUuCeMBIMxjczfzmkEhFI/GoRzHpcNQTtEsx0kby7VOPUwE9lXDfQyzuI+jhPn2qlNLfhW8XnbIzB1wlbkaKIEPNt3+8MMIJJ0JjhpRqu06sO2MkNcWMTApeokiM8AD1SNtQgThRnfH8kAk8N0oIu5E0T2g4V/92jBFXasQDU8mR7qtlbyb+57XDIY1VNus5Hba4ie7edMZUxIkmAqeLdBMGdQRnqcGQSoI1GxmCsKTmFoj7SCKsTbYFE5K7HMkqaVTK7mW58nBVrN5mceXBCTgDJeCCa1AF96AG6gCDF/AG3sGH9Wp9Wl/WNC3NWVnPMViA9f0LJ0amyg==</latexit>

➜ Reweigh by: [1, 2, 3, 4, 5] angularities.
↵ 2 [0.2, 3.0]

<latexit sha1_base64="ikl5EtySZcFBUxhtsjDkLTGd1v0=">AAACHnicbVDLSsNAFJ3UV62vqLhyM1gEFxKSVtBl0Y3LCvYBSSiTyaQdOpmEmUmxhP6LbvU/3Ilb/Q2/wGmbhW09MHA4517umROkjEpl299GaW19Y3OrvF3Z2d3bPzAPj9oyyQQmLZywRHQDJAmjnLQUVYx0U0FQHDDSCYZ3U78zIkLShD+qcUr8GPU5jShGSks988RDLB0g6FEOXduqXcK6Zfs9s2pb9gxwlTgFqYICzZ7544UJzmLCFWZIStexU+XnSCiKGZlUvEySFOEh6hNXU45iIv18Fn8Cz7USwigR+nEFZ+rfjRzFUo7jQE/GSA3ksjcV//PccERTWdx6mh9bTKKiGz+nPM0U4XgeJMoYVAmcdgVDKghWbKwJwoLqv0A8QAJhpRut6JKc5UpWSbtmOXWr9nBVbdwWdZXBKTgDF8AB16AB7kETtAAGOXgBr+DNeDbejQ/jcz5aMoqdY7AA4+sXzwShOw==</latexit>

in steps of 0.2{
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�4 �3 �2 �1 0
log10 e↵

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

1/
�

d�
/d

lo
g 1

0
e ↵

Q = 1 TeV, PhSp n = 4
Herwig, ↵ = 2.6

PhSp ⌦ HW, RW=0.8, �2 = 0.011289

PhSp ⌦ HW, RW=0.2 1.8, �2 = 0.001496

PhSp ⌦ HW, RW=0.2 1.4 2.8, �2 = 0.000234

Q = 1 TeV
<latexit sha1_base64="2axUoEhY7Hu4EvJzMSofSTz0cR0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuhGKbly20Be0oUymN+3QmSTMTMQS6qe4caGIW3/EnX/jpM1CWw8MHM65l3vm+DFnSjvOt7W2vrG5tV3YKe7u7R8c2keltooSSaFFIx7Jrk8UcBZCSzPNoRtLIMLn0PEnd5nfeQCpWBQ29TQGT5BRyAJGiTbSwC418A12n/qC6LEUaRPas4FddirOHHiVuDkpoxz1gf3VH0Y0ERBqyolSPdeJtZcSqRnlMCv2EwUxoRMygp6hIRGgvHSefYbPjDLEQSTNCzWeq783UiKUmgrfTGYZ1bKXif95vUQH117KwjjRENLFoSDhWEc4KwIPmQSq+dQQQiUzWTEdE0moNnUVTQnu8pdXSbtacS8q1cZluXab11FAJ+gUnSMXXaEaukd11EIUPaJn9IrerJn1Yr1bH4vRNSvfOUZ/YH3+AAXZk8w=</latexit>

n = 4
<latexit sha1_base64="4oLZWzjS5iueWcCbZp2dz20UMJU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO6rvaKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9i3Llvlqq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHzpWNew==</latexit>

results for “best” set 
of 1, 2 or 3 
angularities 

↵ = 2.6
<latexit sha1_base64="hkhC3s7T+tokeHl2bDPfeoPl96g=">AAAB83icbVBNS8NAEN34WetX1aOXxSJ4CkkV9SIUvXisYD+gCWWy3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbTzv21lZXVvf2Cxtlbd3dvf2KweHLZ1mitAmSXmqOhFoypmgTcMMpx2pKCQRp+1odDf1209UaZaKRzOWNExgIFjMCBgrBQFwOQR8g2vuZa9S9VxvBrxM/IJUUYFGr/IV9FOSJVQYwkHrru9JE+agDCOcTspBpqkEMoIB7VoqIKE6zGc3T/CpVfo4TpUtYfBM/T2RQ6L1OIlsZwJmqBe9qfif181MfB3mTMjMUEHmi+KMY5PiaQC4zxQlho8tAaKYvRWTISggxsZUtiH4iy8vk1bN9c/d2sNFtX5bxFFCx+gEnSEfXaE6ukcN1EQESfSMXtGbkzkvzrvzMW9dcYqZI/QHzucPHEyQaw==</latexit>
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log10 e↵
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lo
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e ↵

Q = 1 TeV, PhSp n = 4
Herwig, ↵ = 1.2

PhSp ⌦ HW, RW=0.8, �2 = 0.008333

PhSp ⌦ HW, RW=0.2 1.8, �2 = 0.003756

PhSp ⌦ HW, RW=0.2 1.4 2.8, �2 = 0.00309

Q = 1 TeV
<latexit sha1_base64="2axUoEhY7Hu4EvJzMSofSTz0cR0=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaQKuhGKbly20Be0oUymN+3QmSTMTMQS6qe4caGIW3/EnX/jpM1CWw8MHM65l3vm+DFnSjvOt7W2vrG5tV3YKe7u7R8c2keltooSSaFFIx7Jrk8UcBZCSzPNoRtLIMLn0PEnd5nfeQCpWBQ29TQGT5BRyAJGiTbSwC418A12n/qC6LEUaRPas4FddirOHHiVuDkpoxz1gf3VH0Y0ERBqyolSPdeJtZcSqRnlMCv2EwUxoRMygp6hIRGgvHSefYbPjDLEQSTNCzWeq783UiKUmgrfTGYZ1bKXif95vUQH117KwjjRENLFoSDhWEc4KwIPmQSq+dQQQiUzWTEdE0moNnUVTQnu8pdXSbtacS8q1cZluXab11FAJ+gUnSMXXaEaukd11EIUPaJn9IrerJn1Yr1bH4vRNSvfOUZ/YH3+AAXZk8w=</latexit>

n = 4
<latexit sha1_base64="4oLZWzjS5iueWcCbZp2dz20UMJU=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgF6EoBePEc0DkiXMTmaTIbOzy0yvEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0ikMOi6305ubX1jcyu/XdjZ3ds/KB4eNU2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9uZ33ri2ohYPeI44X5EB0qEglG00oO6rvaKJbfszkFWiZeREmSo94pf3X7M0ogrZJIa0/HcBP0J1SiY5NNCNzU8oWxEB7xjqaIRN/5kfuqUnFmlT8JY21JI5urviQmNjBlHge2MKA7NsjcT//M6KYZX/kSoJEWu2GJRmEqCMZn9TfpCc4ZybAllWthbCRtSTRnadAo2BG/55VXSrJS9i3Llvlqq3WRx5OEETuEcPLiEGtxBHRrAYADP8ApvjnRenHfnY9Gac7KZY/gD5/MHzpWNew==</latexit>

↵ = 1.2
<latexit sha1_base64="YxGPEL53+wwSGVv/gvsk7i6zSWg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoBeh6MVjBfsBTSib7aZdutksuxuhhP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL5KcaeN5305pbX1jc6u8XdnZ3ds/qB4etXWaKUJbJOWp6kZYU84EbRlmOO1KRXEScdqJxnczv/NElWapeDQTScMEDwWLGcHGSkGAuRxhdIN8t96v1jzXmwOtEr8gNSjQ7Fe/gkFKsoQKQzjWuud70oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMTXYc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYEPzll1dJu+76F2794bLWuC3iKMMJnMI5+HAFDbiHJrSAgIRneIU3J3NenHfnY9FacoqZY/gD5/MHFLaQZg==</latexit>
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How good is “best” set do for angularity α?
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What is the overall improvement?
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Conclusions & Outlook
• Reweighing flat phase space by MC ➜ Get predictions of other angularities.

• Investigate “How much angularity resummation required”:

!20

2 > 1
<latexit sha1_base64="5sn9Mg2laswIPsBKBm7W9ufjZdw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoCcpevFYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4upv5rSeujUjUI45THsR0oEQkGEUr+TVyQ7xeueJW3TnIKvFyUoEcjV75q9tPWBZzhUxSYzqem2IwoRoFk3xa6maGp5SN6IB3LFU05iaYzI+dkjOr9EmUaFsKyVz9PTGhsTHjOLSdMcWhWfZm4n9eJ8PoOpgIlWbIFVssijJJMCGzz0lfaM5Qji2hTAt7K2FDqilDm0/JhuAtv7xKmrWqd1GtPVxW6rd5HEU4gVM4Bw+uoA730AAfGAh4hld4c5Tz4rw7H4vWgpPPHMMfOJ8/HCmNkQ==</latexit>

3 & 2
<latexit sha1_base64="xMSPT8iKMopUdwbnZvNgktrraXE=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKewmgh6DXjxGMA9IljA7mU2GzGOZ6RXCks/w4kERr36NN//GSbIHTSxoKKq66e6KEsEt+P63V9jY3NreKe6W9vYPDo/Kxydtq1NDWYtqoU03IpYJrlgLOAjWTQwjMhKsE03u5n7niRnLtXqEacJCSUaKx5wScFKvjvsjcK7EtUG54lf9BfA6CXJSQTmag/JXf6hpKpkCKoi1vcBPIMyIAU4Fm5X6qWUJoRMyYj1HFZHMhtni5Bm+cMoQx9q4UoAX6u+JjEhrpzJynZLA2K56c/E/r5dCfBNmXCUpMEWXi+JUYNB4/j8ecsMoiKkjhBrubsV0TAyh4FIquRCC1ZfXSbtWDerV2sNVpXGbx1FEZ+gcXaIAXaMGukdN1EIUafSMXtGbB96L9+59LFsLXj5ziv7A+/wBJfCQgw==</latexit>

4 ⇠ 3
<latexit sha1_base64="pXNtbOw1MIuTgzGRw5YNdEeKth4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9ltC3osevFYwX5Au5Rsmm1Dk+yaZIWy9E948aCIV/+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo4SRWibRDxSvQBrypmkbcMMp71YUSwCTrvB9Hbhd5+o0iySD2YWU1/gsWQhI9hYqddAA80Eqg/LFbfqZkDrxMtJBXK0huWvwSgiiaDSEI617ntubPwUK8MIp/PSINE0xmSKx7RvqcSCaj/N7p2jC6uMUBgpW9KgTP09kWKh9UwEtlNgM9Gr3kL8z+snJrz2UybjxFBJlovChCMTocXzaMQUJYbPLMFEMXsrIhOsMDE2opINwVt9eZ10alWvXq3dNyrNmzyOIpzBOVyCB1fQhDtoQRsIcHiGV3hzHp0X5935WLYWnHzmFP7A+fwBt3KPGg==</latexit>

[…]
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Conclusions & Outlook
• Conclusions robust under: 

‣ Number of phase space particles,

‣ MC dependence [HERWIG 7, Pythia 8],

‣ COM Energy Q,

‣ Binning,

‣ Set of angularities.

• Multi-differential resummation: any number of angularities at NLL, via SCET.

!21
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Thanks!

[with Gillian Lustermans & 
Wouter Waalewijn]
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APPENDIX
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Flat phase space

!24

n: number of particles in 
flat phase space 

dashed line: prediction 
from 2 hemisphere “jets” 

of uniform energy 
density.
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PhSp with “importance sampling”

!25

n: number of particles in 
flat phase space 

λ: parameter that 
determines range of 

distribution of random 
numbers in RAMBO-on-

diet method.
nRndLog: number of 
random numbers 

distributed 
logarithmically.
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What is the overall improvement?
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f(N) = ⌦ exp(��N) + 
<latexit sha1_base64="7PHWHIxS24BoRted3skNBDMRopw="></latexit>
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MC dependence
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phase space dependence
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phase space with 
n=6 particles
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COM energy dependence
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<latexit sha1_base64="jQ18mAE70/5+gpfad+M3XB/mJWk=">AAACGXicbVDLSgMxFM3UV62vUZdugkVwVWZqQTdC0Y3LFvqCdiiZTNqGJpkhyRTLUH9Et/of7sStK3/DLzDTzsK2HggczrmXe3L8iFGlHefbym1sbm3v5HcLe/sHh0f28UlLhbHEpIlDFsqOjxRhVJCmppqRTiQJ4j4jbX98n/rtCZGKhqKhpxHxOBoKOqAYaSP1bbt+W+lxpEeSJ08N0pr17aJTcuaA68TNSBFkqPXtn14Q4pgToTFDSnVdJ9JegqSmmJFZoRcrEiE8RkPSNVQgTpSXzJPP4IVRAjgIpXlCw7n6dyNBXKkp981kGlKteqn4n9cNJjRS2a3HxbHlJHpw4yVURLEmAi+CDGIGdQjTmmBAJcGaTQ1BWFLzF4hHSCKsTZkFU5K7Wsk6aZVL7lWpXK8Uq3dZXXlwBs7BJXDBNaiCB1ADTYDBBLyAV/BmPVvv1of1uRjNWdnOKViC9fULTSKhOw==</latexit>
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COM energy dependence
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<latexit sha1_base64="YuEWx9xSuKydt2JdtwGBtRccIm0=">AAACG3icbVDLSsNAFJ3UV62vWJduBovgKiRV0I1QdOOyhT6ENpTJZNIOnUnCzKS0hPonutX/cCduXfgbfoGTNgvbemDgcM693DPHixmVyra/jcLG5tb2TnG3tLd/cHhkHpfbMkoEJi0csUg8ekgSRkPSUlQx8hgLgrjHSMcb3Wd+Z0yEpFHYVNOYuBwNQhpQjJSW+ma5cWtb1R5Haih4+tQk7VnfrNiWPQdcJ05OKiBHvW/+9PwIJ5yECjMkZdexY+WmSCiKGZmVeokkMcIjNCBdTUPEiXTTefYZPNeKD4NI6BcqOFf/bqSISznlnp7MQspVLxP/87r+mMYyvzVZHFtOooIbN6VhnCgS4kWQIGFQRTArCvpUEKzYVBOEBdV/gXiIBMJK11nSJTmrlayTdtVyLq1q46pSu8vrKoJTcAYugAOuQQ08gDpoAQwm4AW8gjfj2Xg3PozPxWjByHdOwBKMr180+6Gr</latexit>
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set of angularities dependence
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Reweighing
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Make “Flat” in 
dimension 𝒪1:

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>
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����
PhSp

<latexit sha1_base64="KxQZA2tXylHVRT6nSGm4x9Ai0mk="></latexit>

d�
dO1dO2

���
PhSp

d�
dO1

���
PhSp

<latexit sha1_base64="gQGH8ot/K4d3b9ZkgbvUs8FV3Dg="></latexit>

O2
<latexit sha1_base64="INJRyj+0L4BNS2Mk34PG3JYPNjc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFN+6sYB/QDiWTZtrQTDImmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z6cIOZMG9f9dgpr6xubW8Xt0s7u3v5B+fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzO/PaFKMykezTSmfoSHgoWMYGMlvxdhMyKYp/ezfq1frrhVdw60SrycVCBHo1/+6g0kSSIqDOFY667nxsZPsTKMcDor9RJNY0zGeEi7lgocUe2n89AzdGaVAQqlsk8YNFd/b6Q40noaBXYyC6mXvUz8z+smJrz2UybixFBBFofChCMjUdYAGjBFieFTSzBRzGZFZIQVJsb2VLIleMtfXiWtWtW7qNYeLiv1m7yOIpzAKZyDB1dQhztoQBMIPMEzvMKbM3FenHfnYzFacPKdY/gD5/MHtgCSDg==</latexit>

O1
<latexit sha1_base64="aLGq+SQEMJ8pqPebvetSnlJKyEY=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWaqoMuiG3dWsA9oh5JJM21oJjMmmUIZ+h1uXCji1o9x59+YaWehrQcCh3Pu5Z4cPxZcG8f5RoW19Y3NreJ2aWd3b/+gfHjU0lGiKGvSSESq4xPNBJesabgRrBMrRkJfsLY/vs389oQpzSP5aKYx80IylDzglBgreb2QmBElIr2f9d1+ueJUnTnwKnFzUoEcjX75qzeIaBIyaaggWnddJzZeSpThVLBZqZdoFhM6JkPWtVSSkGkvnYee4TOrDHAQKfukwXP190ZKQq2noW8ns5B62cvE/7xuYoJrL+UyTgyTdHEoSAQ2Ec4awAOuGDViagmhitusmI6IItTYnkq2BHf5y6ukVau6F9Xaw2WlfpPXUYQTOIVzcOEK6nAHDWgChSd4hld4QxP0gt7Rx2K0gPKdY/gD9PkDtHySDQ==</latexit>
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Reweighing
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Reweigh by
 MC 𝒪1 distribution


