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Inclusive jets
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Jets at the LHC
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Pythia 8
p
s = 13 TeV

• Azimuthal angle �

• Pseudorapidity ⌘ = � ln tan ✓/2

beam

ATLAS detector

Y. He `18
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Jets at the LHC
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Pythia 8, FastJet
p
s = 13 TeV

pjetT > 20 GeV

R = 0.4

• Jet algorithm, e.g. anti-kT

and recursively merge the particles 
with the smallest distance

dij = min

 
1

p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2

Define a distance between all particles

• Pioneering work Sterman, Weinberg `77

Cacciari, Salam, Soyez `08
Y. He `18
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Jets at the LHC
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R

• Jet algorithm, e.g. anti-kT

and recursively merge the particles 
with the smallest distance

Pythia 8, FastJet
p
s = 13 TeV

pjetT > 20 GeV

R = 0.4

Define a distance between all particles

 is the radius of the jetR

• Pioneering work Sterman, Weinberg `77

Cacciari, Salam, Soyez `08
Y. He `18

dij = min

 
1

p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2
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High precision jet physics at the LHC
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• Test of the standard model and in particular QCD

• Constrain non-perturbative quantities

e.g. PDFs and the QCD strong coupling constant

• Tuning of Monte Carlo simulations

↵s

NNPDF `19
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High precision jet physics at the LHC
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• Test of the standard model and in particular QCD

• Constrain non-perturbative quantities

e.g. PDFs and the QCD strong coupling constant

• Tuning of Monte Carlo simulations

↵s

• Search for physics beyond the standard model

CMS,  PRL 119 (2017) 111802
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High precision jet physics at the LHC
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• Test of the standard model and in particular QCD

• Constrain non-perturbative quantities

e.g. PDFs and the QCD strong coupling constant

• Search for physics beyond the standard model

• Probe of the QGP in heavy-ion collisions

• Tuning of Monte Carlo simulations

↵s
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pp ! jet +X
Final state radiation

adapted from M. Schwartz `17
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pp ! jet +X
Final state radiation

Initial state radiation

adapted from M. Schwartz `17



       Introduction                   Soft Drop                  The Groomed Jet Radius                 Other Observables                 Conclusions 

11

pp ! jet +X
Final state radiation

Initial state radiation

Underlying event

adapted from M. Schwartz `17
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pp ! jet +X
Final state radiation

Initial state radiation

Underlying event

Pileup

adapted from M. Schwartz `17
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pp ! jet +X
Final state radiation

Initial state radiation

Underlying event

Pileup

Hadronization

adapted from M. Schwartz `17
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pp ! jet +X
Final state radiation

Initial state radiation

Underlying event

Pileup

Hadronization

Additional jets, non-global structure

adapted from M. Schwartz `17
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Outline

• Introduction

• Soft drop grooming

• The jet radius after grooming

• Other observables

• Conclusions
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Soft drop grooming

• Systematically remove soft wide-angle radiation in the jet

Dasgupta, Fregoso, Marzani, Salam `13
Larkoski, Marzani, Soyez, Thaler `14

• Recluster jet with the C/A algorithm

Angular ordered clustering tree

See also: Krohn, Thaler, Wang `10, Ellis, Vermilion, Walsh `10

dij = min

 
1

p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2dij = min

 
1

p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2
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Soft drop grooming

• Systematically remove soft wide-angle radiation in the jet

�R12�R2
12 = �⌘2 +�⌘2

Branch 1

Branch 2

Dasgupta, Fregoso, Marzani, Salam `13
Larkoski, Marzani, Soyez, Thaler `14

• Recluster jet with the C/A algorithm

• Recursively decluster jet and check the criterion

See also: Krohn, Thaler, Wang `10, Ellis, Vermilion, Walsh `10

dij = min

 
1

p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2dij = min
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Soft drop grooming

• Systematically remove soft wide-angle radiation in the jet

�R2
12 = �⌘2 +�⌘2

See also: Krohn, Thaler, Wang `10, Ellis, Vermilion, Walsh `10

Dasgupta, Fregoso, Marzani, Salam `13
Larkoski, Marzani, Soyez, Thaler `14

• Recluster jet with the C/A algorithm

• Recursively decluster jet and check the criterion

Particles in the 
groomed jet

dij = min
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p2Ti

,
1

p2Tj

!
(⌘i � ⌘j)2 + (�i � �j)2

R2dij = min
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Jet substructure observables with soft drop

• Can ask different questions about the groomed jet such as

• Groomed radius

• Momentum sharing fraction

• Displacement of the jet axis

• The jet energy drop due to grooming

• Soft drop jet mass 

• Angularities or energy-energy correlation functions

✓st,gr

�E

zg =

Rg = �R12 = ✓gR

• These observables have interesting properties and turn out to be calculable in pQCD
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The jet mass after soft drop grooming
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• Jet mass                       m2
J =

⇣X

i2J

pi
⌘2

• Reduced sensitivity to NP effects

• Resummation of logarithms in mJ/pT , R, zcut

ATLAS, PRL 121 (2018) 092001

CMS, JHEP 1811 (2018) 113
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The Lund diagram for the jet mass
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• Leading-logarithmic accuracy
Z

dz

z

d✓

✓

• Jet mass in the small mass limit

⌧0 =
X

i2jet

zi✓
2
i

• One emission

ln ⌧0 = � ln
1

z
� 2 ln

1

✓

soft
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� ln ⌧0

�(ln ⌧0)/2

measurement

emissions

No emissions, Sudakov

⌧0 = m2
J/p

2
T
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The Lund plane
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Recursive declustering 
following the harder branch

Andersson, Gustafson, Lönnblad, Pettersson `89
Dreyer, Salam, Soyez `18
ATLAS-CONF-2019-035
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Lund diagram for the jet mass
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• Leading-logarithmic accuracy
Z

dz

z

d✓

✓

• Jet mass in the small mass limit

⌧0 =
X

i2jet

zi✓
2
i

• One emission

ln ⌧0 = � ln
1

z
� 2 ln

1

✓

soft

<latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit>

collinear

<latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit>

ln
1

z
<latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit>

ln
R

✓
<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

H
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S

SCET modes relevant for the factorization
to resum logarithms of ⌧0

⌧0 = m2
J/p

2
T
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The jet mass - factorization

24

Gi(z, pTR, ⌧, µ) =
X

i

Hi!j(z, pTR,µ) Cj(⌧, pT , µ)⌦ Sj(⌧, pT , R, µ)

d�pp!(jet ⌧ )X

dpT d⌘d⌧
=

X

abc

fa ⌦ fb ⌦Hc
ab ⌦ Gc(⌧ )

Gc(⌧ )• Jet production in proton-proton collisions

• Refactorization of the jet function
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Lund diagram for the jet mass
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ln
1

z
<latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit>

ln
R

✓
<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit> C

<latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit>

S

↵n
s lnn(⌧/R2) n � 2

Non-global logarithms,
correlation of the in- 
and out-of-jet region
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soft

<latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit>

collinear

<latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit>

ln
1

z
<latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit>

ln
R

✓
<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

z = zcut

✓
✓

R

◆�

<latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit>

� > 0
<latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit>
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C
<latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit>

• Soft drop grooming condition
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The soft drop jet mass - factorization

27

• The groomed jet mass R ⌧ 1, ⌧gr/R
2 ⌧ zcut ⌧ 1

Ggr
i (z, pTR, ⌧gr, zcut, µ) =

X

j

Hi!j(z, pTR,µ) S /2gr
i (zcutpTR,�, µ) Ci(⌧gr, pT , µ)⌦ Sgr

i (⌧gr, pT , R, zcut, µ)j jj

• Same quark/gluon fractions as before
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Lund diagram for the jet mass

28

Non-global logarithms,
correlation of the in- 
and out-of-jet region

soft

<latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit>

collinear

<latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit>

ln
1

z
<latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit>

ln
R

✓
<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

z = zcut

✓
✓

R

◆�

<latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit>

� > 0
<latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit>
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C
<latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit>
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• Extraction of the QCD strong coupling constant
Les Houches `17

• Non-perturbative effects Hoang, Mantry, Pathak, Stewart `19

• Theory calculations at NLL/NNLL Frye, Larkoski, Schwartz, Yan `16, Marzani, Schunk, Soyez `17, `18 
Kang, Lee, Liu, FR `17

[pT1/pT2 < 1.5]

ATLAS, PRL 121 (2018) 092001
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The groomed jet mass at NNLL
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e(2)2 = ⌧0 = m2

J/p
2
T

Kang, Lee, Liu, FR `18Frye, Larkoski, Schwartz, Yan `16
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Outline

• Introduction

• Soft drop grooming

• The jet radius after grooming

• Other observables

• Conclusions
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The soft drop groomed jet radius
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Kang, Lee, Liu, Neill, FR `19
Larkoski, Marzani, Soyez, Thaler `14

• Groomed radius ✓g =
�R12

R
=

Rg

R

⇠ ⇡R2
g• Related to the active area of the groomed jet

�R12 = Rg =
p

��2 +�⌘2

• Groomed radius

• Used to calculate Sudakov safe observables

Branch 1

Branch 2

• Key observable to characterize SD groomed jet

Branch 
passes SD
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� > 0
<latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit>

C
<latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit>

✓ = Rg
<latexit sha1_base64="19SE2wwRQKVuB0Pm00VfmyOlF9k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjFfuBbSib7aZdutmE3YlQQv+FBy8qXv03Hv03btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWeuzhiCO9vu8P++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnpIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tiWPMzoZIUuWKLRWEqCcZk9j4ZCM0ZyokllGlhbyVsRDVlaEOyGXjLH6+S1kXVc6ve3WWlXsvTKMIJnMI5eHAFdbiFBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDvv+Qiw==</latexit><latexit sha1_base64="19SE2wwRQKVuB0Pm00VfmyOlF9k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjFfuBbSib7aZdutmE3YlQQv+FBy8qXv03Hv03btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWeuzhiCO9vu8P++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnpIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tiWPMzoZIUuWKLRWEqCcZk9j4ZCM0ZyokllGlhbyVsRDVlaEOyGXjLH6+S1kXVc6ve3WWlXsvTKMIJnMI5eHAFdbiFBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDvv+Qiw==</latexit><latexit sha1_base64="19SE2wwRQKVuB0Pm00VfmyOlF9k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjFfuBbSib7aZdutmE3YlQQv+FBy8qXv03Hv03btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWeuzhiCO9vu8P++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnpIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tiWPMzoZIUuWKLRWEqCcZk9j4ZCM0ZyokllGlhbyVsRDVlaEOyGXjLH6+S1kXVc6ve3WWlXsvTKMIJnMI5eHAFdbiFBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDvv+Qiw==</latexit><latexit sha1_base64="19SE2wwRQKVuB0Pm00VfmyOlF9k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsBeh4MVjFfuBbSib7aZdutmE3YlQQv+FBy8qXv03Hv03btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDPz209cGxGrB5wk3I/oUIlQMIpWeuzhiCO9vu8P++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnpIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tiWPMzoZIUuWKLRWEqCcZk9j4ZCM0ZyokllGlhbyVsRDVlaEOyGXjLH6+S1kXVc6ve3WWlXsvTKMIJnMI5eHAFdbiFBjSBgYJneIU3RzsvzrvzsWgtOPnMMfyB8/kDvv+Qiw==</latexit>

S

CS

Lund diagram for the groomed jet radius Rg

pH
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soft

<latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit><latexit sha1_base64="HDhjarcMEkgY93jB/vm5kuQ5G0Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPSUDbbTbt0kw27E7GE/gwPXlS8+ms8+m/ctjlo64OBx3szzMwLUykMuu63U1pb39jcKm9Xdnb39g+qh0dtozLNeIspqXQ3pIZLkfAWCpS8m2pO41DyTji+nfmdR66NUMkDTlIexHSYiEgwilbye8ifMDcqwmm/WnPr7hxklXgFqUGBZr/61RsolsU8QSapMb7nphjkVKNgkk8rvczwlLIxHXLf0oTG3AT5/OQpObPKgERK20qQzNXfEzmNjZnEoe2MKY7MsjcT//P8DKPrIBdJmiFP2GJRlEmCisz+JwOhOUM5sYQyLeythI2opgxtSjYDb/njVdK+qHtu3bu/rDVuijTKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsWktOMXMMf+B8/gCFPpGt</latexit>

collinear

<latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit><latexit sha1_base64="OFaiW3zK6Ur7ek7GbpEYIFjoA8k=">AAAB+HicbVDLSsNAFJ3UV62vqEs3wSK4KokIuiy6cVnBPqANZTK9aYdOJmHmplhD/8SFGxW3/olL/8ZJm4W2Hhg4nHNfc4JEcI2u+22V1tY3NrfK25Wd3b39A/vwqKXjVDFosljEqhNQDYJLaCJHAZ1EAY0CAe1gfJv77QkozWP5gNME/IgOJQ85o2ikvm33EB4xM4PyCVTN+nbVrblzOKvEK0iVFGj07a/eIGZpBBKZoFp3PTdBP6MKORMwq/RSDQllYzqErqGSRqD9bH75zDkzysAJY2WeRGeu/u7IaKT1NApMZURxpJe9XPzP66YYXvsZl0mKINliUZgKB2Mnj8EZcAUMxdQQyhQ3tzpsRBVlaMIyGXjLP14lrYua59a8+8tq/aZIo0xOyCk5Jx65InVyRxqkSRiZkGfySt6sJ+vFerc+FqUlq+g5Jn9gff4A0teUDQ==</latexit>

ln
1

z
<latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit><latexit sha1_base64="PvDq0dmUrhCiZAqR7mFOc3fqMuw=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEInkoiQj0WvXisYD+gCWWz3bRLN5uwuxFiyC/x4EXFqz/Fo//GbZuDtj4YeLw3w8y8IOFMacf5tiobm1vbO9Xd2t7+wWHdPjruqTiVhHZJzGM5CLCinAna1UxzOkgkxVHAaT+Y3c79/iOVisXiQWcJ9SM8ESxkBGsjjey6xwXyQolJ7hb5UzGyG07TWQCtE7ckDSjRGdlf3jgmaUSFJhwrNXSdRPs5lpoRToualyqaYDLDEzo0VOCIKj9fHF6gc6OMURhLU0Kjhfp7IseRUlkUmM4I66la9ebif94w1eG1nzORpJoKslwUphzpGM1TQGMmKdE8MwQTycytiEyxSUGbrEwG7urH66R32XSdpnt/1WjflGlU4RTO4AJcaEEb7qADXSCQwjO8wpuVWS/Wu/WxbK1Y5cwJ/IH1+QNBZpMa</latexit>

ln
R

✓
<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

z = zcut

✓
✓

R

◆�

<latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit>

� > 0
<latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit>

C
<latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit><latexit sha1_base64="o/ie1OEXre9nURTjzhK3YGeyJEM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMdiLx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8G0sfC7T6g0j+WjmSXoR3QsecgZNVZqNYblilt1lyCbxMtJBXI0h+WvwShmaYTSMEG17ntuYvyMKsOZwHlpkGpMKJvSMfYtlTRC7WfLQ+fkyiojEsbKljRkqf6eyGik9SwKbGdEzUSvewvxP6+fmvDOz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2G5uBt/7xJuncVD236rVuK/X7PI0iXMAlXIMHNajDAzShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxNEjLc=</latexit>
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• Refactorization of the jet function

• Based on equivalence to the jet veto case

Emissions outside the groomed jet are vetoed with
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• Example of two emissions
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• Two types of NGLs
Dasgupta, Salam `01
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<latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit><latexit sha1_base64="ptZ2r0QpeGgXvXRVD8rThZdp2eU=">AAAB/HicbVBNS8NAEN3Ur1q/6sfNy2IRPJVEBD0WvXisYmuhKWWznbRLN5uwOxFqqL/FgxcVr/4Pj/4bt20O2vpg4PHeDDPzgkQKg6777RSWlldW14rrpY3Nre2d8u5e08Sp5tDgsYx1K2AGpFDQQIESWokGFgUS7oPh1cS/fwBtRKzucJRAJ2J9JULBGVqpWz7wpaJ+qBnPbseZjwNANu6WK27VnYIuEi8nFZKj3i1/+b2YpxEo5JIZ0/bcBDsZ0yi4hHHJTw0kjA9ZH9qWKhaB6WTT68f02Co9GsbalkI6VX9PZCwyZhQFtjNiODDz3kT8z2unGF50MqGSFEHx2aIwlRRjOomC9oQGjnJkCeNa2FspHzAbBdrAbAbe/MeLpHla9dyqd3NWqV3maRTJITkiJ8Qj56RGrkmdNAgnj+SZvJI358l5cd6dj1lrwcln9skfOJ8/SQSVZQ==</latexit>

z = zcut

✓
✓

R

◆�

<latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit><latexit sha1_base64="LZCGS7DUqAxy7SgLCzdhd9ewSSg=">AAACGnicbZDJSgNBEIZ7XGPcoh69NAYhXsJMEMxFCHjxGMUskImhp1OTNOlZ6K4RkiHv4cFn8eBFxZPgxbexsxw08YeGn6+qqK7fi6XQaNvf1srq2vrGZmYru72zu7efOzis6yhRHGo8kpFqekyDFCHUUKCEZqyABZ6Ehje4mtQbD6C0iMI7HMbQDlgvFL7gDA3q5Eqjy1EndVVAeYJj6krwseD6ivHUxT4gG6e3BivR6+PZvesZ0snl7aI9FV02ztzkyVzVTu7T7UY8CSBELpnWLceOsZ0yhYJLGGfdREPM+ID1oGVsyALQ7XR625ieGtKlfqTMC5FO6e+JlAVaDwPPdAYM+3qxNoH/1VoJ+uV2KsI4QQj5bJGfSIoRnQRFu0IBRzk0hnElzF8p7zMTDJo4TQbO4sXLpl4qOnbRuTnPV8rzNDLkmJyQAnHIBamQa1IlNcLJI3kmr+TNerJerHfrY9a6Ys1njsgfWV8/OEWhyA==</latexit>

� > 0
<latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit><latexit sha1_base64="Enpcz/FIE/S4ziDQsu5REQvt3as=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLspDcZMjuzzPQKIeQjPHhR8er3ePRvnCR70MSChqKqm+6uKJXCou9/e4W19Y3NreJ2aWd3b/+gfHjUtDozHBpcS23aEbMghYIGCpTQTg2wJJLQikZ3M7/1BMYKrR5xnEKYsIESseAMndTqRoDsxu+VK37Vn4OukiAnFZKj3it/dfuaZwko5JJZ2wn8FMMJMyi4hGmpm1lIGR+xAXQcVSwBG07m507pmVP6NNbGlUI6V39PTFhi7TiJXGfCcGiXvZn4n9fJML4OJ0KlGYLii0VxJilqOvud9oUBjnLsCONGuFspHzLDOLqEXAbB8serpHlRDfxq8HBZqd3maRTJCTkl5yQgV6RG7kmdNAgnI/JMXsmbp70X7937WLQWvHzmmPyB9/kDM9uPFg==</latexit>

H
<latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="WUiD0YgavyC/AgS+PaYWHeNAMu0=">AAAB2HicbZBLSwMxFIXv1FetVevaTbAIrsqMG10KblxWsA9oh5LJ3GlDM5khuVMoQ/+A4Erxf7n035g+Ftp6IPBxTkLuPVGupCXf//Yqe/sHh0fV49pJvXZ6dt6od21WGIEdkanM9CNuUUmNHZKksJ8b5GmksBdNH5d5b4bGyky/0DzHMOVjLRMpODmrPWo0/Za/EtuFYANN2GjU+BrGmShS1CQUt3YQ+DmFJTckhcJFbVhYzLmY8jEOHGqeog3L1ZgLdu2cmCWZcUcTW7m/X5Q8tXaeRu5mymlit7Ol+V82KCi5D0up84JQi/VHSaEYZWy5M4ulQUFq7oALI92sTEy44YJcM66CYHvhXejetgK/FTz7UIVLuIIbCOAOHuAJ2tABATG8wrs39t68j3VVFW/T2QX8kff5A7driik=</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+Nm2b8WJzt22Xzs0OMVyB6IRKDs=">AAAB3HicbZDNSgMxFIXv1L9aq1a3boJFcFVm3OhScNNlC7YV2qFk0jttaCYzJHeEMvQJXLhR8bVc+jamPwttPRD4OCch954oU9KS7397pZ3dvf2D8mHlqHp8clo7q3ZtmhuBHZGq1DxF3KKSGjskSeFTZpAnkcJeNH1Y5L1nNFam+pFmGYYJH2sZS8HJWe3msFb3G/5SbBuCNdRhrdaw9jUYpSJPUJNQ3Np+4GcUFtyQFArnlUFuMeNiysfYd6h5gjYsloPO2ZVzRixOjTua2NL9/aLgibWzJHI3E04Tu5ktzP+yfk7xXVhIneWEWqw+inPFKGWLrdlIGhSkZg64MNLNysSEGy7IdeM6CDY33obuTSPwG0HbhzJcwCVcQwC3cA9NaEEHBCC8wBu8e9J79T5WbZW8dW3n8Efe5w8I44tq</latexit><latexit sha1_base64="+2t9u4a+Wn97c/gnXpWhPgErWsc=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0m86LHopccW7Ae0oWy2k3bpZhN2N0IJ/QUevKh49Sd59N+4TXPQ1gcDj/dmmJkXJIJr47rfTmlre2d3r7xfOTg8Oj6pnp51dZwqhh0Wi1j1A6pRcIkdw43AfqKQRoHAXjB7WPq9J1Sax/LRzBP0IzqRPOSMGiu1m6Nqza27Ocgm8QpSgwKtUfVrOI5ZGqE0TFCtB56bGD+jynAmcFEZphoTymZ0ggNLJY1Q+1l+6IJcWWVMwljZkobk6u+JjEZaz6PAdkbUTPW6txT/8wapCe/8jMskNSjZalGYCmJisvyajLlCZsTcEsoUt7cSNqWKMmOzsRl46x9vku5N3XPrXtutNe6LNMpwAZdwDR7cQgOa0IIOMEB4hld4c7jz4rw7H6vWklPMnMMfOJ8/GZOMuA==</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit><latexit sha1_base64="jKeuyoFvbEBMqBhxHgz173KBaQw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeilx5bsB/QhrLZTtqlm03Y3Qgl9Bd48KLi1Z/k0X/jts1BWx8MPN6bYWZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0YeF3n1BpHstHM0vQj+hY8pAzaqzUagzLFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NeGdn3GZpAYlWy0KU0FMTBZfkxFXyIyYWUKZ4vZWwiZUUWZsNjYDb/3jTdK5qXpu1WvdVur3eRpFuIBLuAYPalCHBjShDQwQnuEV3hzuvDjvzseqteDkM+fwB87nDxrTjLw=</latexit> C
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Non-global and Abelian clustering logarithms
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• NGLs with C/A clustering

collinear

collinear-soft

Dasgupta, Salam `01
Appelby, Seymour `02
Delenda, Appelby, Dasgupta, Banfi `06
Delenda, Khelifa-Kerfa `12
Kelley, Walsh, Zuberi `12
Neill `18
…
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• NGLs with C/A clustering

collinear

collinear-soft

collinear

collinear-soft

• Abelian C/A clustering

Dasgupta, Salam `01
Appelby, Seymour `02
Delenda, Appelby, Dasgupta, Banfi `06
Delenda, Khelifa-Kerfa `12
Kelley, Walsh, Zuberi `12
Neill `18
…
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• NGLs with C/A clustering

collinear

collinear-soft

Kelley, Walsh, Zuberi `12

Dasgupta, Salam `01
Appelby, Seymour `02
Delenda, Appelby, Dasgupta, Banfi `06
Delenda, Khelifa-Kerfa `12
Kelley, Walsh, Zuberi `12
Neill `18
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Non-global logarithms with C/A clustering effects
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• Fixed order without clustering

ln2(zcut✓
�
g )
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Non-global logarithms with C/A clustering effects
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• Fixed order without clustering

• With C/A clustering include

Reduces the size of the NGL

d12

d1

ln2(zcut✓
�
g )

ln2(zcut✓
�
g )
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Non-global logarithms with C/A clustering effects

• Numerical results at LL and large-Nc• Size of subleading terms
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Phenomenological results
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• Groomed radius ✓g =
�R12

R
=

Rg

R ✓g = 1

Comparison to Pythia 8

Kang, Lee, Liu, Neill, FR `19
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Pythia simulations
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Outline

• Introduction

• Soft drop grooming

• The jet radius after grooming

• Other observables

• Conclusions
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The momentum sharing fraction zg
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zg =

• Momentum fraction of the softer branch

Larkoski, Marzani, Thaler `15

p (zg) =
1

�

d�

dzg
=

Z
d✓gp (✓g) p (zg|✓g)

• Can be calculated using the conditional probability

Groomed radius cross section now calculated at NLL´

and

p (zg|✓g) =
P̄i (zg)

R 1/2

zcut ✓�
g
dzP̄i(z)

⇥
�
zg � zcut ✓

�
g

�
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The momentum sharing fraction zg
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zg =

• Momentum fraction of the softer branch

Sudakov safe

Independent of 
QCD splitting function

↵s

Larkoski, Marzani, Thaler `15
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The momentum sharing fraction zg
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zg =

• Momentum fraction of the softer branch

Larkoski, Marzani, Thaler `15

p (zg) =
1

�

d�

dzg
=

Z
d✓gp (✓g) p (zg|✓g)

• Conditional probability including running coupling effects

and

� = 0

p (zg|✓g) =
↵s(zg✓gpTR) P̄i (zg)

R 1/2
zcut

dz ↵s(z✓gpTR) P̄i(z)
⇥ (zg � zcut )
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Phenomenological results for RHIC kinematics
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More phenomenological results in the future
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Outline

• Introduction

• Soft drop grooming

• The jet radius after grooming

• Other observables

• Conclusions
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Conclusions
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• Jets are important precision probes at the LHC

• Soft drop grooming reduces nonperturbative effects significantly

• Novel observables

• More theoretical results and new data sets coming out soon

• Systematic studies of nonperturbative effects


