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We assume that NLO corrections in the ttbar entanglement are small

 Knowledge from spin-correlations studies
[Czakon, Mitov, Poncelet ’08] 

If we plan to measure spin entanglement at 
LHC with more and more precision

Revisit this assumption with a more quantum info perspective

Motivation

[Eleni’s Talk at GGI ’23] 

[Talks by Giovanni and Priyanka] 
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Formally, for ttbar production at NLO (in QCD) we need…

Extra radiation? 

Larger Hilbert space.

If the radiation is unresolvable, can we see this as a quantum map?

Decoherence!

tree

virtual

real

NLO corrections
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Some nice decoherence effects

Soft radiation decrease momentum 
entanglement

[Carney, Chaurette, Neuenfeld, Semenoff, ’17]

[Neuenfeld ’18]

BH horizons decohere superpositions

[Danielson, Satischandran, Wald ’23]

In K0K0 systems [Berltmann ’05]

and B mesons [Talks by Sven Vahsen in Pittsburg

And Hans-Guenther Moser at GGI 23]

[See also poster by Mahood and Stoetzer]

[Burgess, Colas, Holman, Kaplanek and Rennin ’24]Inflation [Biggs, Maldacena ’24]
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Let’s do an easier example…

Fermion pair from a scalar decay

= + …
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Let’s do an easier example…

Fermion pair from a scalar decay

= + …

At tree-level:

Maximally entangled: controlled place to study entanglement decrease
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NLO corrections

Virtual correction: one-loop Real emission

General interaction:
g��

µ = {gS1, gP �5, gV �
µ, gA�

µ�5}
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Scalar, pseudo scalar, vector and axial
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NLO corrections
General interaction:

g��
µ = {gS1, gP �5, gV �

µ, gA�
µ�5}
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Scalar, pseudo scalar, vector and axial

Trace over the extra 

d.o.f (environment) 

Quantum Map. 

Open Quantum system

Virtual correction: one-loop Real emission

Same Hilbert space
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Quantum Maps
The evolution of a system+environment is unitary

⇢0(t) = U(t)⇢S(0)⌦ ⇢E(0)U
†(t)

<latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit>

Tracing over the environment subsystem
⇢S(t) = trE

⇥
U(t)⇢S(0)⌦ ⇢E(0)U

†(t)
⇤
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E
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Quantum Maps
The evolution of a system+environment is unitary

⇢0(t) = U(t)⇢S(0)⌦ ⇢E(0)U
†(t)

<latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit><latexit sha1_base64="iQvCFk7JZ1fXs271iaWfdMtXK8s="></latexit>

Tracing over the environment subsystem
⇢S(t) = trE

⇥
U(t)⇢S(0)⌦ ⇢E(0)U

†(t)
⇤

<latexit sha1_base64="KoWAYN9mE7C283PJNdkAvROOCeA="></latexit><latexit sha1_base64="KoWAYN9mE7C283PJNdkAvROOCeA="></latexit><latexit sha1_base64="KoWAYN9mE7C283PJNdkAvROOCeA="></latexit><latexit sha1_base64="KoWAYN9mE7C283PJNdkAvROOCeA="></latexit>

which we can write as a operator-sum representation (Kraus operators)

⇢S(t) =
X

j

Kj⇢S(0)K
†
j

<latexit sha1_base64="+xVfkhvz8hNMH8oQObHV5ul/iKM=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2U2ZEsBuh6EbopqJ9QKcOmTQzTZtkhiQjlKG/4sZfceNCke7EnzF9LGzrgQuHc+7l3nv8mFGlbfvbWlvf2Nzazuxkd/f2Dw5zR8cNFSUSkzqOWCRbPlKEUUHqmmpGWrEkiPuMNP3B7cRvPhOpaCQe9TAmHY5CQQOKkTaSlyu7shd5qSs5fBgVdBFeQ1cl3OvDqqkF0y7C6pPbRWFIpNf3cnm7ZE8BV4kzJ3kwR83Ljd1uhBNOhMYMKdV27Fh3UiQ1xYyMsm6iSIzwAIWkbahAnKhOOv1wBM+N0oVBJE0JDafq34kUcaWG3DedHOmeWvYm4n9eO9FBuZNSESeaCDxbFCQM6ghO4oJdKgnWbGgIwpKaWyHuIYmwNqFmTQjO8surpHFRcuySc3+Zr9zM48iAU3AGCsABV6AC7kAN1AEGL+ANfIBP69V6t76s8ax1zZrPnIAFWD+/47SiGA==</latexit><latexit sha1_base64="+xVfkhvz8hNMH8oQObHV5ul/iKM=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2U2ZEsBuh6EbopqJ9QKcOmTQzTZtkhiQjlKG/4sZfceNCke7EnzF9LGzrgQuHc+7l3nv8mFGlbfvbWlvf2Nzazuxkd/f2Dw5zR8cNFSUSkzqOWCRbPlKEUUHqmmpGWrEkiPuMNP3B7cRvPhOpaCQe9TAmHY5CQQOKkTaSlyu7shd5qSs5fBgVdBFeQ1cl3OvDqqkF0y7C6pPbRWFIpNf3cnm7ZE8BV4kzJ3kwR83Ljd1uhBNOhMYMKdV27Fh3UiQ1xYyMsm6iSIzwAIWkbahAnKhOOv1wBM+N0oVBJE0JDafq34kUcaWG3DedHOmeWvYm4n9eO9FBuZNSESeaCDxbFCQM6ghO4oJdKgnWbGgIwpKaWyHuIYmwNqFmTQjO8surpHFRcuySc3+Zr9zM48iAU3AGCsABV6AC7kAN1AEGL+ANfIBP69V6t76s8ax1zZrPnIAFWD+/47SiGA==</latexit><latexit sha1_base64="+xVfkhvz8hNMH8oQObHV5ul/iKM=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2U2ZEsBuh6EbopqJ9QKcOmTQzTZtkhiQjlKG/4sZfceNCke7EnzF9LGzrgQuHc+7l3nv8mFGlbfvbWlvf2Nzazuxkd/f2Dw5zR8cNFSUSkzqOWCRbPlKEUUHqmmpGWrEkiPuMNP3B7cRvPhOpaCQe9TAmHY5CQQOKkTaSlyu7shd5qSs5fBgVdBFeQ1cl3OvDqqkF0y7C6pPbRWFIpNf3cnm7ZE8BV4kzJ3kwR83Ljd1uhBNOhMYMKdV27Fh3UiQ1xYyMsm6iSIzwAIWkbahAnKhOOv1wBM+N0oVBJE0JDafq34kUcaWG3DedHOmeWvYm4n9eO9FBuZNSESeaCDxbFCQM6ghO4oJdKgnWbGgIwpKaWyHuIYmwNqFmTQjO8surpHFRcuySc3+Zr9zM48iAU3AGCsABV6AC7kAN1AEGL+ANfIBP69V6t76s8ax1zZrPnIAFWD+/47SiGA==</latexit><latexit sha1_base64="+xVfkhvz8hNMH8oQObHV5ul/iKM=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2U2ZEsBuh6EbopqJ9QKcOmTQzTZtkhiQjlKG/4sZfceNCke7EnzF9LGzrgQuHc+7l3nv8mFGlbfvbWlvf2Nzazuxkd/f2Dw5zR8cNFSUSkzqOWCRbPlKEUUHqmmpGWrEkiPuMNP3B7cRvPhOpaCQe9TAmHY5CQQOKkTaSlyu7shd5qSs5fBgVdBFeQ1cl3OvDqqkF0y7C6pPbRWFIpNf3cnm7ZE8BV4kzJ3kwR83Ljd1uhBNOhMYMKdV27Fh3UiQ1xYyMsm6iSIzwAIWkbahAnKhOOv1wBM+N0oVBJE0JDafq34kUcaWG3DedHOmeWvYm4n9eO9FBuZNSESeaCDxbFCQM6ghO4oJdKgnWbGgIwpKaWyHuIYmwNqFmTQjO8surpHFRcuySc3+Zr9zM48iAU3AGCsABV6AC7kAN1AEGL+ANfIBP69V6t76s8ax1zZrPnIAFWD+/47SiGA==</latexit>

s.t
X

j

KjK
†
j = 1

<latexit sha1_base64="Y9a21HYyenIFx0O13Yct7G7eXVE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQTdC0Y3QTQX7gHYcMpnMNJpkhiQjlKHgxl9x40IRt/6EO//GtJ2Fth64cHLOvdzcE6SMKu0431ZpYXFpeaW8Wllb39jcsrd32irJJCYtnLBEdgOkCKOCtDTVjHRTSRAPGOkE95djv/NApKKJuNHDlHgcxYJGFCNtJN/e66uM+3ewYQo2bvshimMizePc9e2qU3MmgPPELUgVFGj69lc/THDGidCYIaV6rpNqL0dSU8zIqNLPFEkRvkcx6RkqECfKyyc3jOChUUIYJdKU0HCi/p7IEVdqyAPTyZEeqFlvLP7n9TIdnXk5FWmmicDTRVHGoE7gOBAYUkmwZkNDEJbU/BXiAZIIaxNbxYTgzp48T9rHNdepudcn1fpFEUcZ7IMDcARccArq4Ao0QQtg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A+kPlmM=</latexit><latexit sha1_base64="Y9a21HYyenIFx0O13Yct7G7eXVE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQTdC0Y3QTQX7gHYcMpnMNJpkhiQjlKHgxl9x40IRt/6EO//GtJ2Fth64cHLOvdzcE6SMKu0431ZpYXFpeaW8Wllb39jcsrd32irJJCYtnLBEdgOkCKOCtDTVjHRTSRAPGOkE95djv/NApKKJuNHDlHgcxYJGFCNtJN/e66uM+3ewYQo2bvshimMizePc9e2qU3MmgPPELUgVFGj69lc/THDGidCYIaV6rpNqL0dSU8zIqNLPFEkRvkcx6RkqECfKyyc3jOChUUIYJdKU0HCi/p7IEVdqyAPTyZEeqFlvLP7n9TIdnXk5FWmmicDTRVHGoE7gOBAYUkmwZkNDEJbU/BXiAZIIaxNbxYTgzp48T9rHNdepudcn1fpFEUcZ7IMDcARccArq4Ao0QQtg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A+kPlmM=</latexit><latexit sha1_base64="Y9a21HYyenIFx0O13Yct7G7eXVE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQTdC0Y3QTQX7gHYcMpnMNJpkhiQjlKHgxl9x40IRt/6EO//GtJ2Fth64cHLOvdzcE6SMKu0431ZpYXFpeaW8Wllb39jcsrd32irJJCYtnLBEdgOkCKOCtDTVjHRTSRAPGOkE95djv/NApKKJuNHDlHgcxYJGFCNtJN/e66uM+3ewYQo2bvshimMizePc9e2qU3MmgPPELUgVFGj69lc/THDGidCYIaV6rpNqL0dSU8zIqNLPFEkRvkcx6RkqECfKyyc3jOChUUIYJdKU0HCi/p7IEVdqyAPTyZEeqFlvLP7n9TIdnXk5FWmmicDTRVHGoE7gOBAYUkmwZkNDEJbU/BXiAZIIaxNbxYTgzp48T9rHNdepudcn1fpFEUcZ7IMDcARccArq4Ao0QQtg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A+kPlmM=</latexit><latexit sha1_base64="Y9a21HYyenIFx0O13Yct7G7eXVE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZkRQTdC0Y3QTQX7gHYcMpnMNJpkhiQjlKHgxl9x40IRt/6EO//GtJ2Fth64cHLOvdzcE6SMKu0431ZpYXFpeaW8Wllb39jcsrd32irJJCYtnLBEdgOkCKOCtDTVjHRTSRAPGOkE95djv/NApKKJuNHDlHgcxYJGFCNtJN/e66uM+3ewYQo2bvshimMizePc9e2qU3MmgPPELUgVFGj69lc/THDGidCYIaV6rpNqL0dSU8zIqNLPFEkRvkcx6RkqECfKyyc3jOChUUIYJdKU0HCi/p7IEVdqyAPTyZEeqFlvLP7n9TIdnXk5FWmmicDTRVHGoE7gOBAYUkmwZkNDEJbU/BXiAZIIaxNbxYTgzp48T9rHNdepudcn1fpFEUcZ7IMDcARccArq4Ao0QQtg8AiewSt4s56sF+vd+pi2lqxiZhf8gfX5A+kPlmM=</latexit>

S
<latexit sha1_base64="xutZ+QJabng0Qjslt5xHZWNQx+E=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYyup37rEbQRsbrHcQJ+xAZKhIIztFK7i/CE2d2kV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3e16pXeVxFMkROSanxCMXpEZuSJ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8wdug5A2</latexit><latexit sha1_base64="xutZ+QJabng0Qjslt5xHZWNQx+E=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYyup37rEbQRsbrHcQJ+xAZKhIIztFK7i/CE2d2kV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3e16pXeVxFMkROSanxCMXpEZuSJ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8wdug5A2</latexit><latexit sha1_base64="xutZ+QJabng0Qjslt5xHZWNQx+E=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYyup37rEbQRsbrHcQJ+xAZKhIIztFK7i/CE2d2kV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3e16pXeVxFMkROSanxCMXpEZuSJ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8wdug5A2</latexit><latexit sha1_base64="xutZ+QJabng0Qjslt5xHZWNQx+E=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbSbt0s4m7E7GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqDg0ey1i3A2ZACgUNFCihnWhgUSChFYyup37rEbQRsbrHcQJ+xAZKhIIztFK7i/CE2d2kV664VXcGuky8nFRIjnqv/NXtxzyNQCGXzJiO5yboZ0yj4BImpW5qIGF8xAbQsVSxCIyfze6d0BOr9GkYa1sK6Uz9PZGxyJhxFNjOiOHQLHpT8T+vk2J46WdCJSmC4vNFYSopxnT6PO0LDRzl2BLGtbC3Uj5kmnG0EZVsCN7iy8ukeVb13Kp3e16pXeVxFMkROSanxCMXpEZuSJ00CCeSPJNX8uY8OC/Ou/Mxby04+cwh+QPn8wdug5A2</latexit>

E
<latexit sha1_base64="PRuoW40MO9eulNIpeoXnC3FwLfs=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRBI8V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV2F+EJs5tJr1xxq+4MdJl4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMSt3UQML4iA2gY6liERg/m907oSdW6dMw1rYU0pn6eyJjkTHjKLCdEcOhWfSm4n9eJ8Xw0s+ESlIExeeLwlRSjOn0edoXGjjKsSWMa2FvpXzINONoIyrZELzFl5dJ86zquVXv7rxSu8rjKJIjckxOiUcuSI3ckjppEE4keSav5M15cF6cd+dj3lpw8plD8gfO5w9ZPZAo</latexit><latexit sha1_base64="PRuoW40MO9eulNIpeoXnC3FwLfs=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRBI8V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV2F+EJs5tJr1xxq+4MdJl4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMSt3UQML4iA2gY6liERg/m907oSdW6dMw1rYU0pn6eyJjkTHjKLCdEcOhWfSm4n9eJ8Xw0s+ESlIExeeLwlRSjOn0edoXGjjKsSWMa2FvpXzINONoIyrZELzFl5dJ86zquVXv7rxSu8rjKJIjckxOiUcuSI3ckjppEE4keSav5M15cF6cd+dj3lpw8plD8gfO5w9ZPZAo</latexit><latexit sha1_base64="PRuoW40MO9eulNIpeoXnC3FwLfs=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRBI8V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV2F+EJs5tJr1xxq+4MdJl4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMSt3UQML4iA2gY6liERg/m907oSdW6dMw1rYU0pn6eyJjkTHjKLCdEcOhWfSm4n9eJ8Xw0s+ESlIExeeLwlRSjOn0edoXGjjKsSWMa2FvpXzINONoIyrZELzFl5dJ86zquVXv7rxSu8rjKJIjckxOiUcuSI3ckjppEE4keSav5M15cF6cd+dj3lpw8plD8gfO5w9ZPZAo</latexit><latexit sha1_base64="PRuoW40MO9eulNIpeoXnC3FwLfs=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GNRBI8V7Ae0oWy2k3bpZhN3J2IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLK6tr6RnGztLW9s7tX3j9omjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxhdT/3WI2gjYnWP4wT8iA2UCAVnaKV2F+EJs5tJr1xxq+4MdJl4OamQHPVe+avbj3kagUIumTEdz03Qz5hGwSVMSt3UQML4iA2gY6liERg/m907oSdW6dMw1rYU0pn6eyJjkTHjKLCdEcOhWfSm4n9eJ8Xw0s+ESlIExeeLwlRSjOn0edoXGjjKsSWMa2FvpXzINONoIyrZELzFl5dJ86zquVXv7rxSu8rjKJIjckxOiUcuSI3ckjppEE4keSav5M15cF6cd+dj3lpw8plD8gfO5w9ZPZAo</latexit>

[See also poster by Grzelka and Altomonte]

For bipartite qubits: Kj
<latexit sha1_base64="X9NN8MNKNtA5C19Nxulr3rER2aQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+Clov2ANpTNdtKu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5YMYJ+hEdSB5yRo2V7m97j71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XaVR5HEY7gGE7BgwuowQ3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AHYaNrA==</latexit><latexit sha1_base64="X9NN8MNKNtA5C19Nxulr3rER2aQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+Clov2ANpTNdtKu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5YMYJ+hEdSB5yRo2V7m97j71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XaVR5HEY7gGE7BgwuowQ3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AHYaNrA==</latexit><latexit sha1_base64="X9NN8MNKNtA5C19Nxulr3rER2aQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+Clov2ANpTNdtKu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5YMYJ+hEdSB5yRo2V7m97j71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XaVR5HEY7gGE7BgwuowQ3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AHYaNrA==</latexit><latexit sha1_base64="X9NN8MNKNtA5C19Nxulr3rER2aQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi+Clov2ANpTNdtKu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91hMqzWP5YMYJ+hEdSB5yRo2V7m97j71yxa26M5Bl4uWkAjnqvfJXtx+zNEJpmKBadzw3MX5GleFM4KTUTTUmlI3oADuWShqh9rPZqRNyYpU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjpZ1wmqUHJ5ovCVBATk+nfpM8VMiPGllCmuL2VsCFVlBmbTsmG4C2+vEyaZ1XPrXp355XaVR5HEY7gGE7BgwuowQ3UoQEMBvAMr/DmCOfFeXc+5q0FJ585hD9wPn8AHYaNrA==</latexit>

Tensor product of Pauli



1111

Environment as unresolved radiation

Ah
↵�(' ! tt̄+ k)[Ah

↵0�0(' ! tt̄+ k)]†
<latexit sha1_base64="aXa5Ssmf659vylo/+5KWBzLpQHQ="></latexit><latexit sha1_base64="aXa5Ssmf659vylo/+5KWBzLpQHQ="></latexit><latexit sha1_base64="aXa5Ssmf659vylo/+5KWBzLpQHQ="></latexit><latexit sha1_base64="aXa5Ssmf659vylo/+5KWBzLpQHQ="></latexit>

Real emission contribution to the R-matrix

Tree-level

One-loop

A↵�(' ! tt̄)[A↵0�0(' ! tt̄)]†
<latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="KHwxC1gB20fCbP3ohQ2yPfVFIok=">AAACRnicbVE9TxtBFHw+IDgOJCYtzSlWZGisO5qkDKKhdCRsI3kP69362bdi70O775Cs0/1FCqj4HzQUINbGRQIeaaXRzDztvtm40MpyEDw0vK3tnU+7zc+tL3v7X7+1D/aGNi+NpIHMdW4uY7SkVUYDVqzpsjCEaaxpFF+fLf3RDRmr8uyCFwVFKc4zNVMS2UmTdiJS5ESirk7rSSVQFwmKmBjrI3GDpkiU4NxnEaOpuD4eb4h3V/nu5oHoSkxxPiczaXeCXrCC/5GEa9KBNfqT9p2Y5rJMKWOp0dpxGBQcVWhYSU11S5SWCpTXOKexoxmmZKNq1Ujt/3TK1J/lxp2M/ZX670SFqbWLNHbJ5UL2vbcUN3njkme/o0plRcmUybeLZqX2lzu7ev2pMiRZLxxBaZR7qy8TNCjZfULLlRC+X/kjGZ70wqAX/g2gCYfwA44ghF/wB86hDwOQcAuP8AwvjfvGk7euy2usyXf4D573CjqptXk=</latexit><latexit sha1_base64="KHwxC1gB20fCbP3ohQ2yPfVFIok=">AAACRnicbVE9TxtBFHw+IDgOJCYtzSlWZGisO5qkDKKhdCRsI3kP69362bdi70O775Cs0/1FCqj4HzQUINbGRQIeaaXRzDztvtm40MpyEDw0vK3tnU+7zc+tL3v7X7+1D/aGNi+NpIHMdW4uY7SkVUYDVqzpsjCEaaxpFF+fLf3RDRmr8uyCFwVFKc4zNVMS2UmTdiJS5ESirk7rSSVQFwmKmBjrI3GDpkiU4NxnEaOpuD4eb4h3V/nu5oHoSkxxPiczaXeCXrCC/5GEa9KBNfqT9p2Y5rJMKWOp0dpxGBQcVWhYSU11S5SWCpTXOKexoxmmZKNq1Ujt/3TK1J/lxp2M/ZX670SFqbWLNHbJ5UL2vbcUN3njkme/o0plRcmUybeLZqX2lzu7ev2pMiRZLxxBaZR7qy8TNCjZfULLlRC+X/kjGZ70wqAX/g2gCYfwA44ghF/wB86hDwOQcAuP8AwvjfvGk7euy2usyXf4D573CjqptXk=</latexit><latexit sha1_base64="PZroEoglTw6mLlD5j2JPsFFT8eA="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit><latexit sha1_base64="08vu4kF26cGFz/Nf6xHrI5O4joQ="></latexit>

⇠ O(y2t )
<latexit sha1_base64="74yeorEwJCy3WQ+pg2IydlP4tH8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKYIui27cWcE+oIlhMp20QyeTMDMRQsjGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRjnpKqoYGcSCoNBnpO9Prwu//0iEpBG/V2lM3BCNOQ0oRkpLnnnkSBpCJ0RqghHLbvNG6qmH1pln1q2mNQNcJnZJ6qBExzO/nFGEk5BwhRmScmhbsXIzJBTFjOQ1J5EkRniKxmSoKUchkW42eyCHp1oZwSASuriCM/X3RIZCKdPQ153FpXLRK8T/vGGigks3ozxOFOF4vihIGFQRLNKAIyoIVizVBGFB9a0QT5BAWOnMajoEe/HlZdJrNW2rad+d19tXZRxVcAxOQAPY4AK0wQ3ogC7AIAfP4BW8GU/Gi/FufMxbK0Y5cwj+wPj8AQAUlgA=</latexit><latexit sha1_base64="74yeorEwJCy3WQ+pg2IydlP4tH8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKYIui27cWcE+oIlhMp20QyeTMDMRQsjGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRjnpKqoYGcSCoNBnpO9Prwu//0iEpBG/V2lM3BCNOQ0oRkpLnnnkSBpCJ0RqghHLbvNG6qmH1pln1q2mNQNcJnZJ6qBExzO/nFGEk5BwhRmScmhbsXIzJBTFjOQ1J5EkRniKxmSoKUchkW42eyCHp1oZwSASuriCM/X3RIZCKdPQ153FpXLRK8T/vGGigks3ozxOFOF4vihIGFQRLNKAIyoIVizVBGFB9a0QT5BAWOnMajoEe/HlZdJrNW2rad+d19tXZRxVcAxOQAPY4AK0wQ3ogC7AIAfP4BW8GU/Gi/FufMxbK0Y5cwj+wPj8AQAUlgA=</latexit><latexit sha1_base64="74yeorEwJCy3WQ+pg2IydlP4tH8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKYIui27cWcE+oIlhMp20QyeTMDMRQsjGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRjnpKqoYGcSCoNBnpO9Prwu//0iEpBG/V2lM3BCNOQ0oRkpLnnnkSBpCJ0RqghHLbvNG6qmH1pln1q2mNQNcJnZJ6qBExzO/nFGEk5BwhRmScmhbsXIzJBTFjOQ1J5EkRniKxmSoKUchkW42eyCHp1oZwSASuriCM/X3RIZCKdPQ153FpXLRK8T/vGGigks3ozxOFOF4vihIGFQRLNKAIyoIVizVBGFB9a0QT5BAWOnMajoEe/HlZdJrNW2rad+d19tXZRxVcAxOQAPY4AK0wQ3ogC7AIAfP4BW8GU/Gi/FufMxbK0Y5cwj+wPj8AQAUlgA=</latexit><latexit sha1_base64="74yeorEwJCy3WQ+pg2IydlP4tH8=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclKYIui27cWcE+oIlhMp20QyeTMDMRQsjGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRjnpKqoYGcSCoNBnpO9Prwu//0iEpBG/V2lM3BCNOQ0oRkpLnnnkSBpCJ0RqghHLbvNG6qmH1pln1q2mNQNcJnZJ6qBExzO/nFGEk5BwhRmScmhbsXIzJBTFjOQ1J5EkRniKxmSoKUchkW42eyCHp1oZwSASuriCM/X3RIZCKdPQ153FpXLRK8T/vGGigks3ozxOFOF4vihIGFQRLNKAIyoIVizVBGFB9a0QT5BAWOnMajoEe/HlZdJrNW2rad+d19tXZRxVcAxOQAPY4AK0wQ3ogC7AIAfP4BW8GU/Gi/FufMxbK0Y5cwj+wPj8AQAUlgA=</latexit>

A(1)
↵�(' ! tt̄)

h
A(0)

↵0�0(' ! tt̄)
i†

+ h.c
<latexit sha1_base64="BhKsMOlVpR0uQYo029be8KIylqw="></latexit><latexit sha1_base64="BhKsMOlVpR0uQYo029be8KIylqw="></latexit><latexit sha1_base64="BhKsMOlVpR0uQYo029be8KIylqw="></latexit><latexit sha1_base64="BhKsMOlVpR0uQYo029be8KIylqw="></latexit>

⇠ O(y2t g
2)

<latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit>

We trace out the unresolved interaction: soft or collinear

If it’s resolved: three-body decay

⇠ O(y2t g
2)

<latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit><latexit sha1_base64="buHct+xigocu9lPAi8RHob5pq1w=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUpSBF0W3bizgn1Ak4bJdNIOnUnCzEQIoSs3/oobF4q49Rvc+TdO2iy0euDC4Zx7ufceP2ZUKsv6MkpLyyura+X1ysbm1vaOubvXkVEiMGnjiEWi5yNJGA1JW1HFSC8WBHGfka4/ucr97j0RkkbhnUpj4nI0CmlAMVJa8sxDR1IOHY7UGCOW3UxrqacGDecUjgaNE8+sWnVrBviX2AWpggItz/x0hhFOOAkVZkjKvm3Fys2QUBQzMq04iSQxwhM0In1NQ8SJdLPZG1N4rJUhDCKhK1Rwpv6cyBCXMuW+7szvlYteLv7n9RMVXLgZDeNEkRDPFwUJgyqCeSZwSAXBiqWaICyovhXiMRIIK51cRYdgL778l3Qadduq27dn1eZlEUcZHIAjUAM2OAdNcA1aoA0weABP4AW8Go/Gs/FmvM9bS0Yxsw9+wfj4BovAl9s=</latexit>

[See Morales and Horodecki Talks]

trHk [·] =
Z

d�(k)
X

�=±

hk,�| · |k,�i
<latexit sha1_base64="xHg6NBVDMt5f4e0ZTC9CNnwPpn4="></latexit><latexit sha1_base64="xHg6NBVDMt5f4e0ZTC9CNnwPpn4="></latexit><latexit sha1_base64="xHg6NBVDMt5f4e0ZTC9CNnwPpn4="></latexit><latexit sha1_base64="xHg6NBVDMt5f4e0ZTC9CNnwPpn4="></latexit>
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NLO reduced density matrix

LO contribution “Map” of virtual emission “Map” of real emission

UV and IR divergent IR divergent

X

j

Kj⇢LOK
†
j

<latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="WBDDxuMOqIDEIEaItJ6mv7x9KK0=">AAACAnicbZDLSgMxGIX/8Vpr1dGtm2AVXJUZN7oU3AgVrGAv0BmHTCbTpk1mhiQjlKEv4MZXceNCER/CnW9jello64EfPs5JSP4TZpwp7Tjf1srq2vrGZmmrvF3Z2d2z9ystleaS0CZJeSo7IVaUs4Q2NdOcdjJJsQg5bYfDq0nefqRSsTS516OM+gL3EhYzgrWxAvvYU7kIBqhuxpP9NCg8KdDN7RjVH7wI93pUBoPArjo1Zyq0DO4cqjBXI7C/vCgluaCJJhwr1XWdTPsFlpoRTsdlL1c0w2SIe7RrMMGCKr+YbjNGJ8aJUJxKM4lGU/f3jQILpUYiNCcF1n21mE3M/7JuruMLv2BJlmuakNlDcc6RTtGkGhQxSYnmIwOYSGb+ikgfS0y0KbBsSnAXV16G1lnNdWrunQMlOIQjOAUXzuESrqEBTSDwBC/wBu/Ws/VqfczqWrHmvR3AH1mfP848mbM=</latexit><latexit sha1_base64="WBDDxuMOqIDEIEaItJ6mv7x9KK0=">AAACAnicbZDLSgMxGIX/8Vpr1dGtm2AVXJUZN7oU3AgVrGAv0BmHTCbTpk1mhiQjlKEv4MZXceNCER/CnW9jello64EfPs5JSP4TZpwp7Tjf1srq2vrGZmmrvF3Z2d2z9ystleaS0CZJeSo7IVaUs4Q2NdOcdjJJsQg5bYfDq0nefqRSsTS516OM+gL3EhYzgrWxAvvYU7kIBqhuxpP9NCg8KdDN7RjVH7wI93pUBoPArjo1Zyq0DO4cqjBXI7C/vCgluaCJJhwr1XWdTPsFlpoRTsdlL1c0w2SIe7RrMMGCKr+YbjNGJ8aJUJxKM4lGU/f3jQILpUYiNCcF1n21mE3M/7JuruMLv2BJlmuakNlDcc6RTtGkGhQxSYnmIwOYSGb+ikgfS0y0KbBsSnAXV16G1lnNdWrunQMlOIQjOAUXzuESrqEBTSDwBC/wBu/Ws/VqfczqWrHmvR3AH1mfP848mbM=</latexit><latexit sha1_base64="LaWBt/30HCGi7eA4CWNNCadAU2E=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VwVRI3uiy6ESpYwT6giWEymaTTziRhZiKU0B9w46+4caGIW/fu/BunbRbaeuDC4Zx7ufceP2VUKsv6NkpLyyura+X1ysbm1vaOubvXlkkmMGnhhCWi6yNJGI1JS1HFSDcVBHGfkY4/vJz4nQciJE3iOzVKictRFNOQYqS05JlHjsy4N4ANXY7oJ17uCA6vb8awce8EKIqI8AaeWbVq1hRwkdgFqYICTc/8coIEZ5zECjMkZc+2UuXmSCiKGRlXnEySFOEhikhP0xhxIt18+s0YHmslgGEidMUKTtXfEzniUo64rzs5Un05703E/7xepsJzN6dxmikS49miMGNQJXASDQyoIFixkSYIC6pvhbiPBMJKB1jRIdjzLy+S9mnNtmr2rVWtXxRxlMEBOAQnwAZnoA6uQBO0AAaP4Bm8gjfjyXgx3o2PWWvJKGb2wR8Ynz93EJsn</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit><latexit sha1_base64="Yw4jcnSlw96lfiHZlGZPQPjdIn4=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSiKCLotuhApWsA9oYphMJum0M0mYmQgl9Afc+CtuXCji1r07/8Zpm4W2HrhwOOde7r3HTxmVyrK+jYXFpeWV1dJaeX1jc2vb3NltySQTmDRxwhLR8ZEkjMakqahipJMKgrjPSNsfXI799gMRkibxnRqmxOUoimlIMVJa8sxDR2bc68O6Lkf0Ei93BIfXNyNYv3cCFEVEeH3PrFhVawI4T+yCVECBhmd+OUGCM05ihRmSsmtbqXJzJBTFjIzKTiZJivAARaSraYw4kW4++WYEj7QSwDARumIFJ+rviRxxKYfc150cqZ6c9cbif143U+G5m9M4zRSJ8XRRmDGoEjiOBgZUEKzYUBOEBdW3QtxDAmGlAyzrEOzZl+dJ66RqW1X79rRSuyjiKIF9cACOgQ3OQA1cgQZoAgwewTN4BW/Gk/FivBsf09YFo5jZA39gfP4AeFCbKw==</latexit>
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Virtual radiation map
Scalar current at tree-level 

(Passarino Veltman B’s and C’s)

ū(p1, h1)v(p2, h2)
<latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit>

Virtual

Scalar integral (w/o gamma ’s)One-loop 

“tensor” integral (w/.gamma’s)
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Scalar current at tree-level 

(Passarino Veltman B’s and C’s)

The map is just an identity

This is special for scalar decay. 

It would generalise for a vector current

ū(p1, h1)v(p2, h2)
<latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit><latexit sha1_base64="7tElskRwpShw2fxg0igFNu8jPwA=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL0IKUSRF0WXTjsoK9QDsMmTRtQzMXkkyhDF248VXcuFDErQ/hzrcxbWehrT8EPv5zDifn92PBlXacbyu3sbm1vZPfLeztHxwe2ccnLRUlkrImjUQkOz5RTPCQNTXXgnViyUjgC9b2x7fzenvCpOJR+KCnMXMDMgz5gFOijeXZxZ5PZJrMyrGHL0YerqCJwZrBWsWzS07VWQitA86gBJkanv3V60c0CVioqSBKdbETazclUnMq2KzQSxSLCR2TIesaDEnAlJsujpihc+P00SCS5oUaLdzfEykJlJoGvukMiB6p1drc/K/WTfTg2k15GCeahXS5aJAIpCM0TwT1uWRUi6kBQiU3f0V0RCSh2uRWMCHg1ZPXoVWrYqeK7y9L9ZssjjwU4QzKgOEK6nAHDWgChUd4hld4s56sF+vd+li25qxs5hT+yPr8AceBljk=</latexit>

Virtual

One-loop 

“tensor” integral (w/.gamma’s) Scalar integral (w/o.gamma ’s)

Virtual radiation map



Real radiation map

Let’s split into a soft and hard emission (w.r.t.      )

Unresolved radiation

!0
<latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit>

Real emissions are different

            change the LO spin-structure
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Real radiation map
Real emissions are different

            change the LO spin-structure

Let’s split into a soft and hard emission (w.r.t.      )

Unresolved radiation

In principle, both are written as 
operator-sum representation (Kraus) ĒR[⇢LO] =

X

j

Kj⇢LOK
†
j

<latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="C4D2rQXtlAXdKoO6PsfFABLdPxk="></latexit><latexit sha1_base64="C4D2rQXtlAXdKoO6PsfFABLdPxk="></latexit><latexit sha1_base64="fRcu2WYlxwjDbkEjEsN6jyO9xhA="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit><latexit sha1_base64="02bag3Gpi6FSVF5ZoRUcH5GWvNQ="></latexit>

!0
<latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit><latexit sha1_base64="PIhuOo+NtEEq4A4jeggSb/tjf88=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD2/V674VX8OskqCnFQgR71X/ur2FcskJpYJakwn8FMbTqi2nAmclrqZwZSyER1gx9GESjThZH7vlJw5pU9ipV0llszV3xMTKo0Zy8h1SmqHZtmbif95nczG1+GEJ2lmMWGLRXEmiFVk9jzpc43MirEjlGnubiVsSDVl1kVUciEEyy+vkuZFNfCrwf1lpXaTx1GEEziFcwjgCmpwB3VoAAMBz/AKb96j9+K9ex+L1oKXzxzDH3ifP7gDj74=</latexit>

Built of Pauli matrices
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Soft part
We can use the soft theorem

Scalar function Next-to-leading soft (change 
structures)

Leading-soft map

Mn+1 =
nX

i=1


pi · "h(k)
pi · k

+ · · ·
�
Mn

<latexit sha1_base64="5XPw7YMVTlqo9Crm85sN/NOEAxk="></latexit><latexit sha1_base64="5XPw7YMVTlqo9Crm85sN/NOEAxk="></latexit><latexit sha1_base64="5XPw7YMVTlqo9Crm85sN/NOEAxk="></latexit><latexit sha1_base64="5XPw7YMVTlqo9Crm85sN/NOEAxk="></latexit>

p’s cancel the IR divergence of virtual: KLN theorem
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Hard (collinear) emission part
- Now, this has a non-trivial Kraus operator part

without the identity
non-zero q = decoherence
Change in spin-structure: dipole-like interaction (IR finite)

Taking the collinear limit for the emission …



1919

Full NLO map

Identity part: 

does not change entanglement

Non-trivial Kraus part: 

Decoherence!

*in the leading soft/collinear limit

q = qhard + qsoft5
<latexit sha1_base64="aMlGvjwAr5539IFmXAbBpFlyP0g=">AAACHXicbZDLSsNAFIYn9VbrLerSzWARBKEkUtGNUHTjsoK9QBPDZDJph04ycWYilJAXceOruHGhiAs34ts4bSNo6w8DP985hzPn9xNGpbKsL6O0sLi0vFJeraytb2xumds7bclTgUkLc8ZF10eSMBqTlqKKkW4iCIp8Rjr+8HJc79wTISmPb9QoIW6E+jENKUZKI8+sZ44M4V0O4Tks7G3miAgOkAhyePQDvZMpljxUuWdWrZo1EZw3dmGqoFDTMz+cgOM0IrHCDEnZs61EuRkSimJG8oqTSpIgPER90tM2RhGRbja5LocHmgQw5EK/WMEJ/T2RoUjKUeTrzgipgZytjeF/tV6qwjM3o3GSKhLj6aIwZVBxOI4KBlQQrNhIG4QF1X+FWMeCsNKBVnQI9uzJ86Z9XLOtmn1drzYuijjKYA/sg0Ngg1PQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPbwW+oUY=</latexit><latexit sha1_base64="aMlGvjwAr5539IFmXAbBpFlyP0g=">AAACHXicbZDLSsNAFIYn9VbrLerSzWARBKEkUtGNUHTjsoK9QBPDZDJph04ycWYilJAXceOruHGhiAs34ts4bSNo6w8DP985hzPn9xNGpbKsL6O0sLi0vFJeraytb2xumds7bclTgUkLc8ZF10eSMBqTlqKKkW4iCIp8Rjr+8HJc79wTISmPb9QoIW6E+jENKUZKI8+sZ44M4V0O4Tks7G3miAgOkAhyePQDvZMpljxUuWdWrZo1EZw3dmGqoFDTMz+cgOM0IrHCDEnZs61EuRkSimJG8oqTSpIgPER90tM2RhGRbja5LocHmgQw5EK/WMEJ/T2RoUjKUeTrzgipgZytjeF/tV6qwjM3o3GSKhLj6aIwZVBxOI4KBlQQrNhIG4QF1X+FWMeCsNKBVnQI9uzJ86Z9XLOtmn1drzYuijjKYA/sg0Ngg1PQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPbwW+oUY=</latexit><latexit sha1_base64="aMlGvjwAr5539IFmXAbBpFlyP0g=">AAACHXicbZDLSsNAFIYn9VbrLerSzWARBKEkUtGNUHTjsoK9QBPDZDJph04ycWYilJAXceOruHGhiAs34ts4bSNo6w8DP985hzPn9xNGpbKsL6O0sLi0vFJeraytb2xumds7bclTgUkLc8ZF10eSMBqTlqKKkW4iCIp8Rjr+8HJc79wTISmPb9QoIW6E+jENKUZKI8+sZ44M4V0O4Tks7G3miAgOkAhyePQDvZMpljxUuWdWrZo1EZw3dmGqoFDTMz+cgOM0IrHCDEnZs61EuRkSimJG8oqTSpIgPER90tM2RhGRbja5LocHmgQw5EK/WMEJ/T2RoUjKUeTrzgipgZytjeF/tV6qwjM3o3GSKhLj6aIwZVBxOI4KBlQQrNhIG4QF1X+FWMeCsNKBVnQI9uzJ86Z9XLOtmn1drzYuijjKYA/sg0Ngg1PQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPbwW+oUY=</latexit><latexit sha1_base64="aMlGvjwAr5539IFmXAbBpFlyP0g=">AAACHXicbZDLSsNAFIYn9VbrLerSzWARBKEkUtGNUHTjsoK9QBPDZDJph04ycWYilJAXceOruHGhiAs34ts4bSNo6w8DP985hzPn9xNGpbKsL6O0sLi0vFJeraytb2xumds7bclTgUkLc8ZF10eSMBqTlqKKkW4iCIp8Rjr+8HJc79wTISmPb9QoIW6E+jENKUZKI8+sZ44M4V0O4Tks7G3miAgOkAhyePQDvZMpljxUuWdWrZo1EZw3dmGqoFDTMz+cgOM0IrHCDEnZs61EuRkSimJG8oqTSpIgPER90tM2RhGRbja5LocHmgQw5EK/WMEJ/T2RoUjKUeTrzgipgZytjeF/tV6qwjM3o3GSKhLj6aIwZVBxOI4KBlQQrNhIG4QF1X+FWMeCsNKBVnQI9uzJ86Z9XLOtmn1drzYuijjKYA/sg0Ngg1PQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPbwW+oUY=</latexit>
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Decoherence 

Small effects ~ 1%Entanglement is lost mainly due to collinear emission

� =
q
1� 4m2

f/m
2
'

<latexit sha1_base64="1ekcNQBoftMt0k+sBYHZvXY7rk8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4sc6Ugm6EohuXFewDOm3JpJk2NJkZkzuFMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63Myura+kZ2M7e1vbO7l98/qOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhjdTvzFiSvMwuIdxxNqS9APuc0rASN18wfUYEHyFXf2gIHHOyrLrd0rnsuuOiIoGvFOamJRdtGfAy8RJSQGlqHbzX24vpLFkAVBBtG45dgTthCjgVLBJzo01iwgdkj5rGRoQyXQ7mR0zwSdG6WE/VOYFgGfq74mESK3H0jNJSWCgF72p+J/XisG/bCc8iGJgAZ0v8mOBIcTTZnCPK0ZBjA0hVHHzV0wHRBEKpr+cKcFZPHmZ1EtFxy46d+VC5TqtI4uO0DE6RQ66QBV0i6qohih6RM/oFb1ZT9aL9W59zKMZK505RH9gff4AGHyaYQ==</latexit><latexit sha1_base64="1ekcNQBoftMt0k+sBYHZvXY7rk8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4sc6Ugm6EohuXFewDOm3JpJk2NJkZkzuFMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63Myura+kZ2M7e1vbO7l98/qOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhjdTvzFiSvMwuIdxxNqS9APuc0rASN18wfUYEHyFXf2gIHHOyrLrd0rnsuuOiIoGvFOamJRdtGfAy8RJSQGlqHbzX24vpLFkAVBBtG45dgTthCjgVLBJzo01iwgdkj5rGRoQyXQ7mR0zwSdG6WE/VOYFgGfq74mESK3H0jNJSWCgF72p+J/XisG/bCc8iGJgAZ0v8mOBIcTTZnCPK0ZBjA0hVHHzV0wHRBEKpr+cKcFZPHmZ1EtFxy46d+VC5TqtI4uO0DE6RQ66QBV0i6qohih6RM/oFb1ZT9aL9W59zKMZK505RH9gff4AGHyaYQ==</latexit><latexit sha1_base64="1ekcNQBoftMt0k+sBYHZvXY7rk8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4sc6Ugm6EohuXFewDOm3JpJk2NJkZkzuFMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63Myura+kZ2M7e1vbO7l98/qOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhjdTvzFiSvMwuIdxxNqS9APuc0rASN18wfUYEHyFXf2gIHHOyrLrd0rnsuuOiIoGvFOamJRdtGfAy8RJSQGlqHbzX24vpLFkAVBBtG45dgTthCjgVLBJzo01iwgdkj5rGRoQyXQ7mR0zwSdG6WE/VOYFgGfq74mESK3H0jNJSWCgF72p+J/XisG/bCc8iGJgAZ0v8mOBIcTTZnCPK0ZBjA0hVHHzV0wHRBEKpr+cKcFZPHmZ1EtFxy46d+VC5TqtI4uO0DE6RQ66QBV0i6qohih6RM/oFb1ZT9aL9W59zKMZK505RH9gff4AGHyaYQ==</latexit><latexit sha1_base64="1ekcNQBoftMt0k+sBYHZvXY7rk8=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4sc6Ugm6EohuXFewDOm3JpJk2NJkZkzuFMvQD3Pgrblwo4tYPcOffmLaz0NYDgcM553JzjxcJrsG2v63Myura+kZ2M7e1vbO7l98/qOswVpTVaChC1fSIZoIHrAYcBGtGihHpCdbwhjdTvzFiSvMwuIdxxNqS9APuc0rASN18wfUYEHyFXf2gIHHOyrLrd0rnsuuOiIoGvFOamJRdtGfAy8RJSQGlqHbzX24vpLFkAVBBtG45dgTthCjgVLBJzo01iwgdkj5rGRoQyXQ7mR0zwSdG6WE/VOYFgGfq74mESK3H0jNJSWCgF72p+J/XisG/bCc8iGJgAZ0v8mOBIcTTZnCPK0ZBjA0hVHHzV0wHRBEKpr+cKcFZPHmZ1EtFxy46d+VC5TqtI4uO0DE6RQ66QBV0i6qohih6RM/oFb1ZT9aL9W59zKMZK505RH9gff4AGHyaYQ==</latexit>
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Collinear again…
In the collinear limit, when a n-parton system undergoes a splitting

[Hamilton, Karlberg, Salam, Scyboz, Verheyen ’21] used for spin correlations in Parton showers

The amplitude factorize

Helicity dependent AP splitting function

1
<latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit><latexit sha1_base64="l9eImvYcFOKpzEDji/n9jPDeWb8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q3KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8Aep2MtQ==</latexit>

n
<latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit><latexit sha1_base64="IqW2N36QktBwntGQavLhE1DLrrE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/XEYzy</latexit>

· · ·<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

··
·

<latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit><latexit sha1_base64="C/ThE3LO0bsU2xdfe5suNCnJ9S4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDabTbt2kw27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61jco04y2mpNLdgBouRcJbKFDybqo5jQPJO8H4duZ3nrg2QiUPOEm5H9NhIiLBKFqp3WehQjOo1ty6OwdZJV5BalCgOah+9UPFspgnyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnaUJjbvx8fu2UnFklJJHSthIkc/X3RE5jYyZxYDtjiiOz7M3E/7xehtG1n4skzZAnbLEoyiRBRWavk1BozlBOLKFMC3srYSOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNUc6L8+58LFpLTjFzDH/gfP4ArlePLw==</latexit>

ı̃
<latexit sha1_base64="0p4nWdGLbaUM/cftTXqzIhiqyjA=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiKCLotuXFawD2himUxu2qGTSZiZKCX0P9y4UMSt/+LOv3GaZqGtBwYO59zLPXOClDOlHefbWlldW9/YrGxVt3d29/ZrB4cdlWSSYpsmPJG9gCjkTGBbM82xl0okccCxG4xvZn73EaViibjXkxT9mAwFixgl2kgPnmY8xNxjMdGj6aBWdxpOAXuZuCWpQ4nWoPblhQnNYhSacqJU33VS7edEakY5TqtepjAldEyG2DdUkBiVnxepp/apUUI7SqR5QtuF+nsjJ7FSkzgwk7N0atErIv/j9TMdXfk5E2mmUdD5oSjjtk7sWQV2yCRSzSeGECqZyWrTEZGEalNU1ZTgLn55mXTOG67TcO8u6s3rso4KHMMJnIELl9CEW2hBGyhIeIZXeLOerBfr3fqYj65Y5c4R/IH1+QMNPpLb</latexit><latexit sha1_base64="0p4nWdGLbaUM/cftTXqzIhiqyjA=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiKCLotuXFawD2himUxu2qGTSZiZKCX0P9y4UMSt/+LOv3GaZqGtBwYO59zLPXOClDOlHefbWlldW9/YrGxVt3d29/ZrB4cdlWSSYpsmPJG9gCjkTGBbM82xl0okccCxG4xvZn73EaViibjXkxT9mAwFixgl2kgPnmY8xNxjMdGj6aBWdxpOAXuZuCWpQ4nWoPblhQnNYhSacqJU33VS7edEakY5TqtepjAldEyG2DdUkBiVnxepp/apUUI7SqR5QtuF+nsjJ7FSkzgwk7N0atErIv/j9TMdXfk5E2mmUdD5oSjjtk7sWQV2yCRSzSeGECqZyWrTEZGEalNU1ZTgLn55mXTOG67TcO8u6s3rso4KHMMJnIELl9CEW2hBGyhIeIZXeLOerBfr3fqYj65Y5c4R/IH1+QMNPpLb</latexit><latexit sha1_base64="0p4nWdGLbaUM/cftTXqzIhiqyjA=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiKCLotuXFawD2himUxu2qGTSZiZKCX0P9y4UMSt/+LOv3GaZqGtBwYO59zLPXOClDOlHefbWlldW9/YrGxVt3d29/ZrB4cdlWSSYpsmPJG9gCjkTGBbM82xl0okccCxG4xvZn73EaViibjXkxT9mAwFixgl2kgPnmY8xNxjMdGj6aBWdxpOAXuZuCWpQ4nWoPblhQnNYhSacqJU33VS7edEakY5TqtepjAldEyG2DdUkBiVnxepp/apUUI7SqR5QtuF+nsjJ7FSkzgwk7N0atErIv/j9TMdXfk5E2mmUdD5oSjjtk7sWQV2yCRSzSeGECqZyWrTEZGEalNU1ZTgLn55mXTOG67TcO8u6s3rso4KHMMJnIELl9CEW2hBGyhIeIZXeLOerBfr3fqYj65Y5c4R/IH1+QMNPpLb</latexit><latexit sha1_base64="0p4nWdGLbaUM/cftTXqzIhiqyjA=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiKCLotuXFawD2himUxu2qGTSZiZKCX0P9y4UMSt/+LOv3GaZqGtBwYO59zLPXOClDOlHefbWlldW9/YrGxVt3d29/ZrB4cdlWSSYpsmPJG9gCjkTGBbM82xl0okccCxG4xvZn73EaViibjXkxT9mAwFixgl2kgPnmY8xNxjMdGj6aBWdxpOAXuZuCWpQ4nWoPblhQnNYhSacqJU33VS7edEakY5TqtepjAldEyG2DdUkBiVnxepp/apUUI7SqR5QtuF+nsjJ7FSkzgwk7N0atErIv/j9TMdXfk5E2mmUdD5oSjjtk7sWQV2yCRSzSeGECqZyWrTEZGEalNU1ZTgLn55mXTOG67TcO8u6s3rso4KHMMJnIELl9CEW2hBGyhIeIZXeLOerBfr3fqYj65Y5c4R/IH1+QMNPpLb</latexit>

i
<latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit><latexit sha1_base64="9jtkmSnVkzQh6f031uh1XGFh3yI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/PfYzt</latexit>

k
<latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit><latexit sha1_base64="FN4g9GFe+3ziaTgM0DMwdUeUKp0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4A0oWM7w==</latexit>

[Richardson, Webster ’18] 
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Splitting functions as Kraus operators

Density matrix before the splitting

After the splitting in the col. limit

Tracing over the unresolved d.o.f

Splitting functions as Kraus (here: one emission)
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- Three main effects drive the smallness of decoherence in ttbar

Collinear emission: 1/mt
<latexit sha1_base64="v2uNd4ns14Tz+K9bgXQntwv3nKc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi6LHoxWMF0xbaUDbbTbt0dxN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULkKNgnVQzIiPB2tH4bua3n5g2PFGPOElZKMlQ8ZhTglYK/AvZx3615tW9OdxV4hekBgWa/epXb5DQTDKFVBBjur6XYpgTjZwKNq30MsNSQsdkyLqWKiKZCfP5sVP3zCoDN060LYXuXP09kRNpzERGtlMSHJllbyb+53UzjG/CnKs0Q6boYlGcCRcTd/a5O+CaURQTSwjV3N7q0hHRhKLNp2JD8JdfXiWty7rv1f2Hq1rjtoijDCdwCufgwzU04B6aEAAFDs/wCm+Ocl6cd+dj0Vpyiplj+APn8wc9LI5M</latexit><latexit sha1_base64="v2uNd4ns14Tz+K9bgXQntwv3nKc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi6LHoxWMF0xbaUDbbTbt0dxN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULkKNgnVQzIiPB2tH4bua3n5g2PFGPOElZKMlQ8ZhTglYK/AvZx3615tW9OdxV4hekBgWa/epXb5DQTDKFVBBjur6XYpgTjZwKNq30MsNSQsdkyLqWKiKZCfP5sVP3zCoDN060LYXuXP09kRNpzERGtlMSHJllbyb+53UzjG/CnKs0Q6boYlGcCRcTd/a5O+CaURQTSwjV3N7q0hHRhKLNp2JD8JdfXiWty7rv1f2Hq1rjtoijDCdwCufgwzU04B6aEAAFDs/wCm+Ocl6cd+dj0Vpyiplj+APn8wc9LI5M</latexit><latexit sha1_base64="v2uNd4ns14Tz+K9bgXQntwv3nKc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi6LHoxWMF0xbaUDbbTbt0dxN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULkKNgnVQzIiPB2tH4bua3n5g2PFGPOElZKMlQ8ZhTglYK/AvZx3615tW9OdxV4hekBgWa/epXb5DQTDKFVBBjur6XYpgTjZwKNq30MsNSQsdkyLqWKiKZCfP5sVP3zCoDN060LYXuXP09kRNpzERGtlMSHJllbyb+53UzjG/CnKs0Q6boYlGcCRcTd/a5O+CaURQTSwjV3N7q0hHRhKLNp2JD8JdfXiWty7rv1f2Hq1rjtoijDCdwCufgwzU04B6aEAAFDs/wCm+Ocl6cd+dj0Vpyiplj+APn8wc9LI5M</latexit><latexit sha1_base64="v2uNd4ns14Tz+K9bgXQntwv3nKc=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSYi6LHoxWMF0xbaUDbbTbt0dxN2J0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTxqmSTTlAU0EYnuRMQwwRULkKNgnVQzIiPB2tH4bua3n5g2PFGPOElZKMlQ8ZhTglYK/AvZx3615tW9OdxV4hekBgWa/epXb5DQTDKFVBBjur6XYpgTjZwKNq30MsNSQsdkyLqWKiKZCfP5sVP3zCoDN060LYXuXP09kRNpzERGtlMSHJllbyb+53UzjG/CnKs0Q6boYlGcCRcTd/a5O+CaURQTSwjV3N7q0hHRhKLNp2JD8JdfXiWty7rv1f2Hq1rjtoijDCdwCufgwzU04B6aEAAFDs/wCm+Ocl6cd+dj0Vpyiplj+APn8wc9LI5M</latexit>

Leading soft radiation is a scalar function

- NLO corrections are still expected to be small 

- Full pheno study required to know the exact impact

- Many new directions

- Next-to-leading soft/collinear

- Resummation

- Gravity?

- Pheno study

- Qutrits

- …

Conclusions

NLO:       is small↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>



Thank you!
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IR Safe?
- IR cancellations are in the “identity part” of the map

Cancel as in the cross-section/decay: KLN theorem

- By power counting, one can see that the identity part contains integrals of

IR finite for n > 0

Z
d�(k)

1

(pi · k)(pj · k)
i, j = 1, 2

<latexit sha1_base64="jV2xd9jKIVIEApq8A4agj28ph+c="></latexit><latexit sha1_base64="jV2xd9jKIVIEApq8A4agj28ph+c="></latexit><latexit sha1_base64="jV2xd9jKIVIEApq8A4agj28ph+c="></latexit><latexit sha1_base64="jV2xd9jKIVIEApq8A4agj28ph+c="></latexit>

- While the non-trivial Kraus has

IR divergent

Z
d�(k)

kµ1 · · · kµn

(pi · k)(pj · k)
<latexit sha1_base64="ZEJAqCUdZkEgjU0vG409yu+PlJM="></latexit><latexit sha1_base64="ZEJAqCUdZkEgjU0vG409yu+PlJM="></latexit><latexit sha1_base64="ZEJAqCUdZkEgjU0vG409yu+PlJM="></latexit><latexit sha1_base64="ZEJAqCUdZkEgjU0vG409yu+PlJM="></latexit>(rank-n tensor integral)


