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One-slide Vincia summary
1. Phase space factorisation

2. Ordering scale: Ariadne

3. Branching kernel: Antenna functions
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QED Showers



QCD vs. QED



Coherent Photon Radiation
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Single branching kernel

Soft limit

Collinear limit
|Mn+1(p1, .., pi, .., pn, pj)|2 = 4⇡↵Q2
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Sectorize the phase space
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does the emission



High-mass Drell-Yan
Vincia (Coherent)
Vincia (Pairing)
Pythia
Fixed Order
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Electroweak Showers



EW Showers +1
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•Chiral Helicity showers Larkoski, Lopez-Villarejo, Skands 1301.0933
Fischer, Lifson, Stands, 1708.01736

•EW-scale mass corrections


•Longitudinal polarisations / Goldstone bosons


•Neutral boson interference


•Double-counting between QCD and EW 


•Resonance-like branchings
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Features of the EW sector

• Real corrections: EW gauge bosons, tops, Higgs part of jets 

• Virtual corrections: Universal incorporation of Sudakov logs ↵
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Lots of Antenna Functions



Lots of Antenna Functions (pt. 2)



Collinear Limits
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Pure scalar



Overestimate Determination
                types of branchings (all FSR + ffV ISR)O(1000)
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Parameterized overestimate

For every branching:

• Generate random branchings in random antennae

• Set up linear programming system

• Solve numerically

Efficient veto algorithm

Minimize aFFtrial,i � aFFi
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Virtual Sudakov logs
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Dark Matter Decay Spectra
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Novel features in the  
Electroweak Sector



Neutral Boson Interference
Interference between          and�, ZT

<latexit sha1_base64="LuycDPs/6ciDVKr+psW8rG7eTVA=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix6MVjhX7hdinZNNuGJtklyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzwoQzbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh+G7md56o0iyWTTNJaCDwULKIEWys5PeGWAh8gR77zX654lbdOdAq8XJSgRyNfvmrN4hJKqg0hGOtfc9NTJBhZRjhdFrqpZommIzxkPqWSiyoDrL5yVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/8/zURDdBxmSSGirJYlGUcmRiNPsfDZiixPCJJZgoZm9FZIQVJsamVLIheMsvr5L2ZdWrVa8eapX6bR5HEU7gFM7Bg2uowz00oAUEYniGV3hzjPPivDsfi9aCk88cwx84nz9bTJCo</latexit>

h, ZL

<latexit sha1_base64="GqFS8bnR4Hx7JseV9QJxFskocQA=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeFOErQM2lhYRDAfmBxhb7OXrNnbPXb3hHDkP9hYKGLr/7Hz37hJrtDEBwOP92aYmRfEnGnjut9ObmV1bX0jv1nY2t7Z3SvuHzS1TBShDSK5VO0Aa8qZoA3DDKftWFEcBZy2gtH11G89UaWZFPdmHFM/wgPBQkawsVJzeIYeere9YsktuzOgZeJlpAQZ6r3iV7cvSRJRYQjHWnc8NzZ+ipVhhNNJoZtoGmMywgPasVTgiGo/nV07QSdW6aNQKlvCoJn6eyLFkdbjKLCdETZDvehNxf+8TmLCSz9lIk4MFWS+KEw4MhJNX0d9pigxfGwJJorZWxEZYoWJsQEVbAje4svLpHle9irl6l2lVLvK4sjDERzDKXhwATW4gTo0gMAjPMMrvDnSeXHenY95a87JZg7hD5zPH4w1jnc=</latexit>

Shower approximationPhysical contribution
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• Complicated solution: Evolve density matrices
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• Simple solution: Apply event weight

→

→

Very computationally expensive

Does not get Sudakov right
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⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

+

<latexit sha1_base64="3DnS3vImeIO9jz1IyYjxDR65oEU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5XyVb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3QdjLc=</latexit>

γ ZT

γ

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

ZT

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

+

<latexit sha1_base64="3DnS3vImeIO9jz1IyYjxDR65oEU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5XyVb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3QdjLc=</latexit>

γ ZT

γ ZT

2

<latexit sha1_base64="KABtTuE2bHd1XLi8DfYY+6Pgzgs=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYJRo9ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9IvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia88adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyVy1fNaql2m0WRx7O4BwuwYNrqME91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AH65jL4=</latexit>

⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

⇥

<latexit sha1_base64="DFN4sfNhBNG+B7awRb3y/Saos6c=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoseiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0LqperXp5X6vUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPuMOPPA==</latexit>

+

<latexit sha1_base64="3DnS3vImeIO9jz1IyYjxDR65oEU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXInoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0rwse5XyVb1Sqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3QdjLc=</latexit>

γ ZT



Bosonic Interference
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Ee = 10 TeV

eL ! eL �/ZT ! eL XX̄
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Overlap Veto
2x EW

1x QCD 1x EW

2x QCD

Last emission QCD? dLastij < min
�
dEW
ij

�

<latexit sha1_base64="hx+LDzOiq6qPgB76+lPIg/ikiSA=">AAACI3icbVC7SgNBFJ31GeMramkzGARtwq5EFLEQRbCwUDBGyMYwO7mbjM7OLjN3xbDsv9j4KzYWSrCx8F+cxBS+DgwczjmXO/cEiRQGXffdGRufmJyaLswUZ+fmFxZLS8uXJk41hxqPZayvAmZACgU1FCjhKtHAokBCPbg9Gvj1O9BGxOoCewk0I9ZRIhScoZVapb12KxM3+XXmI9xjdsoM5jndp34klC8hxI2fgeN6nvtadLq42SqV3Yo7BP1LvBEpkxHOWqW+3455GoFCLpkxDc9NsJkxjYJLyIt+aiBh/JZ1oGGpYhGYZja8MafrVmnTMNb2KaRD9ftExiJjelFgkxHDrvntDcT/vEaK4W4zEypJERT/WhSmkmJMB4XRttDAUfYsYVwL+1fKu0wzjrbWoi3B+33yX3K5VfGqle3zavngcFRHgaySNbJBPLJDDsgJOSM1wskDeSIv5NV5dJ6dvvP2FR1zRjMr5Aecj0+MPKYP</latexit>

Last emission EW? dLastij < min
⇣
dQCD
ij

⌘

<latexit sha1_base64="38Ms+e3UrXbHF7SyrpWf1cj4xe8=">AAACJHicbVC7SgNBFJ31GeMramkzGARtwq5EFLQQY2FhoWBUyMYwO7mbjM7OLjN3xbDsx9j4KzYWPrCw8VucxBS+DgwczjmXO/cEiRQGXffdGRkdG5+YLEwVp2dm5+ZLC4tnJk41hzqPZawvAmZACgV1FCjhItHAokDCeXBd6/vnN6CNiNUp9hJoRqyjRCg4Qyu1SjvtViau8svMR7jF7IgZzHO6S/1IKF9CiGs/Aye1gzz3teh0cb1VKrsVdwD6l3hDUiZDHLdKL3475mkECrlkxjQ8N8FmxjQKLiEv+qmBhPFr1oGGpYpFYJrZ4MicrlqlTcNY26eQDtTvExmLjOlFgU1GDLvmt9cX//MaKYbbzUyoJEVQ/GtRmEqKMe03RttCA0fZs4RxLexfKe8yzTjaXou2BO/3yX/J2UbFq1Y2T6rlvf1hHQWyTFbIGvHIFtkjh+SY1Aknd+SBPJFn5955dF6dt6/oiDOcWSI/4Hx8AiJLplU=</latexit>

Accept 
Branching

dij = min
�
k2T,i, k

2
T,j

� �ij

R
+m2

i +m2
j �m2

<latexit sha1_base64="evrVvE69N8CKiX3OLGF/+ZEv86k="></latexit>

Double counting problem

Veto procedure



Overlap Veto
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Resonance Matching

• Large scales:  
EW shower offers best description


• Small scales: 
Breit-Wigner distribution

Branchings like t ! bW

<latexit sha1_base64="0Sry9IyCWpRsPgW70bMyzYTZILU=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Irih6LXjxWsB/QLiWbZtvQbLIks5ay9qd48aCIV3+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dgpr6xubW8Xt0s7u3v6BWz5sGpVqyhpUCaXbITFMcMkawEGwdqIZiUPBWuHodua3Hpk2XMkHmCQsiMlA8ohTAlbquWXAXc0HQyBaqzEOcavnVryqNwdeJX5OKihHved+dfuKpjGTQAUxpuN7CQQZ0cCpYNNSNzUsIXREBqxjqSQxM0E2P32KT63Sx5HStiTgufp7IiOxMZM4tJ0xgaFZ9mbif14nheg6yLhMUmCSLhZFqcCg8CwH3OeaURATSwjV3N6K6ZBoQsGmVbIh+Msvr5LmedW/qF7eX1RqN3kcRXSMTtAZ8tEVqqE7VEcNRNEYPaNX9OY8OS/Ou/OxaC04+cwR+gPn8weSHJOP</latexit>

Z ! qq̄

<latexit sha1_base64="LudrldcGq/hisVTyWmAeSyaZbzw=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL4tF8FQSqeix6MVjBfuBbSib7aZdutmkuxOlhHrxr3jxoIhX/4U3/43bNgdtfTDweG+GmXl+LLgGx/m2ckvLK6tr+fXCxubW9o69u1fXUaIoq9FIRKrpE80El6wGHARrxoqR0Bes4Q+uJn7jninNI3kLo5h5IelJHnBKwEgd++AOtxXv9YEoFT3gIW77RKXDMe7YRafkTIEXiZuRIspQ7dhf7W5Ek5BJoIJo3XKdGLyUKOBUsHGhnWgWEzogPdYyVJKQaS+dfjDGx0bp4iBSpiTgqfp7IiWh1qPQN50hgb6e9ybif14rgeDCS7mME2CSzhYFicAQ4UkcuMsVoyBGhhCquLkV0z5RhIIJrWBCcOdfXiT105JbLp3dlIuVyyyOPDpER+gEuegcVdA1qqIaougRPaNX9GY9WS/Wu/Uxa81Z2cw++gPr8wfn4ZaN</latexit>

, etc.

๏Matching:
• Sample mass from Breit-Wigner  

upon production

• Suppress shower by factor

Q4

(Q2 +Q2
EW)2

<latexit sha1_base64="DOsL24Xpii02jG+NgD8yfyxZLFc="></latexit>

BW(Q2) / m0�(m)

Q4 +m2
0�(m)2

<latexit sha1_base64="iNTABeiKRj26KsOqi3c+mF5tymM="></latexit>

• Decay when shower hits off-shellness scale
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Interleaved Resonance Decays

Q2
W→qq̄′

Q2

b W+

q q̄′

t

Q2
t→bW

b q q̄′
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Interleaved Resonance Decays
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Conclusions

• Rich physics & many features unique to the EW sector 
- EW symmetry breaking / Goldstone contributions 
- Matching to resonance decays 
- Neutral boson interference 
- Overlap between hard scatterings


• Many other features yet to implement 
- Treatment of soft & spin interference 
- Bloch-Nordsieck violations

QED & EW shower, and interleaved resonance decays available in Pythia 8.304

• Includes full soft multipole structure, while interleaved with QCD shower
QED Shower

EW Shower

Interleaved Resonance Decays
• Physically-intuitive treatment of finite-width / offshell resonances


• More results in 2108.10786
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