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The Need for Precision Top Physics

• Top physics important for many open questions in high energy physics 

• Short lifetime and large decay width leads to large off-shell effects 

• Top quarks mass important understand the EW scale  

• Higgs production dominated by top loop process  

• Most top quark parameters testable at HL-LHC  

• Setting bench mark for future colliders (FCC-ee, FCC-hh etc) 
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The POWHEG Method

Multiplicative matching algorithm  

Fixed Order Parton Shower
Perturbative  

Low Multiplicity  
Hard Scale

Eikonal Approximation 
High Multiplicity  

Soft Scale

POsitive Weight Hardest Emission Generator

<latexit sha1_base64="AZzvHjtx01m2vYpYMqnohB+Sqfw="></latexit>

dωPOWHEG = dεB

[
B + V +

∫
dε1R

]
→
[
!̃(Q2, Q2

0) + !̃(Q2, t)dε1
R

B

]

Patrick Hurley   University of Sussex
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<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>
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<latexit sha1_base64="0qhKgrcCfwdvdgnsoJ0qjyNXGLc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi+gOsNpqV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EsxC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3pxH58V5dz4WrQUnnzmGP3A+fwDYi4/c</latexit>
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[S. Frixione, P. Nason, C. Oleari, arXiv:0709.2092v1]
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Energy Scale, 
<latexit sha1_base64="BiUHzxhbOH3pTM3vg/2P4sE6hhw=">AAAB/HicbVBNS8NAEN34WeNXtEcvi0XwVJIi1WPRi8cW7Ae0sWy223bpJht2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSy4Btf9ttbWNza3tgs79u7e/sGhc3Tc0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEaweTm5nffmBKcxndQRozPySjiA85JWCkvlO07cZ9BfcUH42BKCUfMfSdklt258CrxMtJCeWo952v3kDSJGQRUEG07npuDH5GFHAq2NTuJZrFhE7IiHUNjUjItJ/Nj5/iM6MM8FAqUxHgufp7IiOh1mkYmM6QwFgvezPxP6+bwPDKz3gUJ8Aiulg0TAQGiWdJ4AFXjIJIDSFUcXMrpmOiCAWTl21C8JZfXiWtStmrlquNi1LtOo+jgE7QKTpHHrpENXSL6qiJKErRM3pFb9aT9WK9Wx+L1jUrnymiP7A+fwAEm5PC</latexit>
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<latexit sha1_base64="aFEEJH41cr9e1XfPg1Tu6wphgq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZK7V6AKnuc9ssVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+bnTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms9/JgCtGjZhYglRxeyuhI1RIjU2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAEyiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGc54/F</latexit>
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<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>
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<latexit sha1_base64="0qhKgrcCfwdvdgnsoJ0qjyNXGLc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi+gOsNpqV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EsxC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3pxH58V5dz4WrQUnnzmGP3A+fwDYi4/c</latexit>
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Energy Scale, 
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<latexit sha1_base64="aFEEJH41cr9e1XfPg1Tu6wphgq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZK7V6AKnuc9ssVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+bnTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms9/JgCtGjZhYglRxeyuhI1RIjU2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAEyiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGc54/F</latexit>
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<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="0qhKgrcCfwdvdgnsoJ0qjyNXGLc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi+gOsNpqV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EsxC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3pxH58V5dz4WrQUnnzmGP3A+fwDYi4/c</latexit>
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[S. Frixione, P. Nason, C. Oleari, arXiv:0709.2092v1]
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Energy Scale, 
<latexit sha1_base64="BiUHzxhbOH3pTM3vg/2P4sE6hhw=">AAAB/HicbVBNS8NAEN34WeNXtEcvi0XwVJIi1WPRi8cW7Ae0sWy223bpJht2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSy4Btf9ttbWNza3tgs79u7e/sGhc3Tc0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEaweTm5nffmBKcxndQRozPySjiA85JWCkvlO07cZ9BfcUH42BKCUfMfSdklt258CrxMtJCeWo952v3kDSJGQRUEG07npuDH5GFHAq2NTuJZrFhE7IiHUNjUjItJ/Nj5/iM6MM8FAqUxHgufp7IiOh1mkYmM6QwFgvezPxP6+bwPDKz3gUJ8Aiulg0TAQGiWdJ4AFXjIJIDSFUcXMrpmOiCAWTl21C8JZfXiWtStmrlquNi1LtOo+jgE7QKTpHHrpENXSL6qiJKErRM3pFb9aT9WK9Wx+L1jUrnymiP7A+fwAEm5PC</latexit>
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<latexit sha1_base64="aFEEJH41cr9e1XfPg1Tu6wphgq8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oUy2m3bpZhN3N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqKGvSWMSqE6BmgkvWNNwI1kkUwygQrB2Mb2d++4kpzWP5YCYJ8yMcSh5yisZK7V6AKnuc9ssVt+rOQVaJl5MK5Gj0y1+9QUzTiElDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61oqMWLaz+bnTsmZVQYkjJUtachc/T2RYaT1JApsZ4RmpJe9mfif101NeO1nXCapYZIuFoWpICYms9/JgCtGjZhYglRxeyuhI1RIjU2oZEPwll9eJa2Lqler1u4vK/WbPI4inMApnIMHV1CHO2hAEyiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AGc54/F</latexit>
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<latexit sha1_base64="fflT8DIRgZ1NzRM/p9XN3nEVhs4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7Ow6M2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tgrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AN8vjQA=</latexit>q

<latexit sha1_base64="QhaWXmnGoOlgmZu6DZZxvnONEzE=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpl272YTdiVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfju5nffuLaiFg94CThfkSHSoSCUbRSA/ulsltx5yCrxMtJGXLU+6Wv3iBmacQVMkmN6Xpugn5GNQom+bTYSw1PKBvTIe9aqmjEjZ/ND52Sc6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjjZ0IlKXLFFovCVBKMyexrMhCaM5QTSyjTwt5K2IhqytBmU7QheMsvr5LWZcWrVqqNq3LtNo+jAKdwBhfgwTXU4B7q0AQGHJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A47uNAw==</latexit>

t

<latexit sha1_base64="0qhKgrcCfwdvdgnsoJ0qjyNXGLc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTi+gOsNpqV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn83ik5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzJ4nA6E5QzmxhDIt7K2EjaimDG1EsxC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAYSnuEV3pxH58V5dz4WrQUnnzmGP3A+fwDYi4/c</latexit>

t̄

[S. Frixione, P. Nason, C. Oleari, arXiv:0709.2092v1]
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LO contributions to cross section for bb4l final state[F. Cascioli et al, arXiv:1312.0546]



Resonance Aware POWHEG

Patrick Hurley   University of Sussex

<latexit sha1_base64="t/FJ4+MnmKbhlwkc7d3MtJ9rWk0=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRYEcVnBPqCJZTKdtENnJmEeSgn9DzcuFHHrv7jzb5y0WWjrgQuHc+7l3nuilFGlPe/bWVldW9/YLG2Vt3d29/YrB4dtlRiJSQsnLJHdCCnCqCAtTTUj3VQSxCNGOtH4Ovc7j0Qqmoh7PUlJyNFQ0JhipK30EERIZoEw037ATblfqXo1bwZ3mfgFqUKBZr/yFQwSbDgRGjOkVM/3Uh1mSGqKGZmWA6NIivAYDUnPUoE4UWE2u3rqnlpl4MaJtCW0O1N/T2SIKzXhke3kSI/UopeL/3k9o+OrMKMiNZoIPF8UG+bqxM0jcAdUEqzZxBKEJbW3uniEJMLaBpWH4C++vEza5zW/XqvfXVQbN0UcJTiGEzgDHy6hAbfQhBZgkPAMr/DmPDkvzrvzMW9dcYqZI/gD5/MHd0eShA==</latexit>

ω̄µ
<latexit sha1_base64="eF9BZt+4mYOuoIwp5jGku54nfAU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfywUwS5kc4lDzkFI2VOr0AVRZMS/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5vVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE177GZdJapiki0VhKoiJyex5MuCKUSMmliBV3N5K6AgVUmMjmoXgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QO+U4/O</latexit>

b̄

<latexit sha1_base64="+gRdbMRQ64dfqszZ0ivcl2LxdDQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFKnV5AdYbTUr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIZiF4yy+vktZF1atVa/eXlfptHkcRTuAUzsGDK6jDHTSgCQwkPMMrvDmPzovz7nwsWgtOPnMMf+B8/gDZv4/g</latexit>

t̄

<latexit sha1_base64="KfTyqTqlb2f6Y7bbIa2XoEqJX7E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2FpoQ9lsJ+3SzSbd3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVO6AaBZfYNNwIbCcKaRQIfAxGNzP/8QmV5rF8MJME/YgOJA85o8ZK7W5AVTaelnrlilt15yCrxMtJBXI0euWvbj9maYTSMEG17nhuYvyMKsOZwGmpm2pMKBvRAXYslTRC7Wfze6fkzCp9EsbKljRkrv6eyGik9SQKbGdEzVAvezPxP6+TmvDaz7hMUoOSLRaFqSAmJrPnSZ8rZEZMLKFMcXsrYUOqKDM2olkI3vLLq6R1UfVq1dr9ZaV+m8dRhBM4hXPw4ArqcAcNaAIDAc/wCm/O2Hlx3p2PRWvByWeO4Q+czx/VLY/d</latexit>

q̄

<latexit sha1_base64="JD5k+FujY39TxL/STbBnv80L2ts=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WNBEI8V7Ae0oWy2k3btZjfsboRS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dgpr6xubW8Xt0s7u3v5B+fCopWWqKDap5FJ1QqKRM4FNwwzHTqKQxCHHdji+yfz2EyrNpHgwkwSDmAwFixglxkqtnkj7WOqXK17Vm8NdJX5OKpCj0S9/9QaSpjEKQznRuut7iQmmRBlGOc5KvVRjQuiYDLFrqSAx6mA6v3bmnlll4EZS2RLGnau/J6Yk1noSh7YzJmakl71M/M/rpia6DqZMJKlBQReLopS7RrrZ6+6AKaSGTywhVDF7q0tHRBFqbEBZCP7yy6ukdVH1a9Xa/WWlfpvHUYQTOIVz8OEK6nAHDWgChUd4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/D52O0g==</latexit>ωe<latexit sha1_base64="za/bTSzMMXNePCKPWZoT0loLls4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZ2aFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekKleSzvzThBP6IDyUPOqLFS/bFXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqrdZHHk4gVM4Bw+uoAp3UIMGMEB4hld4cx6cF+fd+Vi05pxs5hj+wPn8AeBjjQQ=</latexit>q

<latexit sha1_base64="1ZLhdk4e7Cr/oqHjMVmo6W5IDkU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDyaeM9Q==</latexit>

b
<latexit sha1_base64="kIMCx3wMoid+s2Np7M5HJwCALA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilBvZLZbfizkFWiZeTMuSo90tfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bHzol51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDGz4RKUuSKLRaFqSQYk9nXZCA0ZygnllCmhb2VsBHVlKHNpmhD8JZfXiWty4pXrVQbV+XaXR5HAU7hDC7Ag2uowT3UoQkMODzDK7w5j86L8+58LFrXnHzmBP7A+fwB5O+NBw==</latexit>

t

<latexit sha1_base64="QU8S3u8ftmGTgTo+ppJ40txlQtA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7vHxrFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwa52WvUq7cXZSqN1kceTiCYzgFDy6hCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwB6NiNlQ==</latexit>

e+

<latexit sha1_base64="7SPo1IF9gArAiIQiIfK8xP+luA4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVYEMRjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd/XKo3bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4GLjoQ=</latexit>

µ→

<latexit sha1_base64="ByQLoAKeh9rG2YaEWDmyjgKTkSw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GBPEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG11O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJe9Srlyd1Gq3mRx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH1oyNiQ==</latexit>

W→

<latexit sha1_base64="YtzrZRVYucLdOuqRE/NBtxqUZcw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7puPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97lXLl7qJUvcniyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucP04SNhw==</latexit>

W+

LO contributions to cross section for bb4l final state[F. Cascioli et al, arXiv:1312.0546]



Resonance Aware POWHEG

POWHEG - RES separates production and final 
state partons into resonance histories

Patrick Hurley   University of Sussex

<latexit sha1_base64="t/FJ4+MnmKbhlwkc7d3MtJ9rWk0=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRYEcVnBPqCJZTKdtENnJmEeSgn9DzcuFHHrv7jzb5y0WWjrgQuHc+7l3nuilFGlPe/bWVldW9/YLG2Vt3d29/YrB4dtlRiJSQsnLJHdCCnCqCAtTTUj3VQSxCNGOtH4Ovc7j0Qqmoh7PUlJyNFQ0JhipK30EERIZoEw037ATblfqXo1bwZ3mfgFqUKBZr/yFQwSbDgRGjOkVM/3Uh1mSGqKGZmWA6NIivAYDUnPUoE4UWE2u3rqnlpl4MaJtCW0O1N/T2SIKzXhke3kSI/UopeL/3k9o+OrMKMiNZoIPF8UG+bqxM0jcAdUEqzZxBKEJbW3uniEJMLaBpWH4C++vEza5zW/XqvfXVQbN0UcJTiGEzgDHy6hAbfQhBZgkPAMr/DmPDkvzrvzMW9dcYqZI/gD5/MHd0eShA==</latexit>

ω̄µ
<latexit sha1_base64="eF9BZt+4mYOuoIwp5jGku54nfAU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfywUwS5kc4lDzkFI2VOr0AVRZMS/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5vVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE177GZdJapiki0VhKoiJyex5MuCKUSMmliBV3N5K6AgVUmMjmoXgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QO+U4/O</latexit>

b̄

<latexit sha1_base64="+gRdbMRQ64dfqszZ0ivcl2LxdDQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFKnV5AdYbTUr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIZiF4yy+vktZF1atVa/eXlfptHkcRTuAUzsGDK6jDHTSgCQwkPMMrvDmPzovz7nwsWgtOPnMMf+B8/gDZv4/g</latexit>

t̄

<latexit sha1_base64="KfTyqTqlb2f6Y7bbIa2XoEqJX7E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2FpoQ9lsJ+3SzSbd3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVO6AaBZfYNNwIbCcKaRQIfAxGNzP/8QmV5rF8MJME/YgOJA85o8ZK7W5AVTaelnrlilt15yCrxMtJBXI0euWvbj9maYTSMEG17nhuYvyMKsOZwGmpm2pMKBvRAXYslTRC7Wfze6fkzCp9EsbKljRkrv6eyGik9SQKbGdEzVAvezPxP6+TmvDaz7hMUoOSLRaFqSAmJrPnSZ8rZEZMLKFMcXsrYUOqKDM2olkI3vLLq6R1UfVq1dr9ZaV+m8dRhBM4hXPw4ArqcAcNaAIDAc/wCm/O2Hlx3p2PRWvByWeO4Q+czx/VLY/d</latexit>

q̄

<latexit sha1_base64="JD5k+FujY39TxL/STbBnv80L2ts=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WNBEI8V7Ae0oWy2k3btZjfsboRS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dgpr6xubW8Xt0s7u3v5B+fCopWWqKDap5FJ1QqKRM4FNwwzHTqKQxCHHdji+yfz2EyrNpHgwkwSDmAwFixglxkqtnkj7WOqXK17Vm8NdJX5OKpCj0S9/9QaSpjEKQznRuut7iQmmRBlGOc5KvVRjQuiYDLFrqSAx6mA6v3bmnlll4EZS2RLGnau/J6Yk1noSh7YzJmakl71M/M/rpia6DqZMJKlBQReLopS7RrrZ6+6AKaSGTywhVDF7q0tHRBFqbEBZCP7yy6ukdVH1a9Xa/WWlfpvHUYQTOIVz8OEK6nAHDWgChUd4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/D52O0g==</latexit>ωe<latexit sha1_base64="za/bTSzMMXNePCKPWZoT0loLls4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZ2aFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekKleSzvzThBP6IDyUPOqLFS/bFXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqrdZHHk4gVM4Bw+uoAp3UIMGMEB4hld4cx6cF+fd+Vi05pxs5hj+wPn8AeBjjQQ=</latexit>q

<latexit sha1_base64="1ZLhdk4e7Cr/oqHjMVmo6W5IDkU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDyaeM9Q==</latexit>

b
<latexit sha1_base64="kIMCx3wMoid+s2Np7M5HJwCALA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilBvZLZbfizkFWiZeTMuSo90tfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bHzol51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDGz4RKUuSKLRaFqSQYk9nXZCA0ZygnllCmhb2VsBHVlKHNpmhD8JZfXiWty4pXrVQbV+XaXR5HAU7hDC7Ag2uowT3UoQkMODzDK7w5j86L8+58LFrXnHzmBP7A+fwB5O+NBw==</latexit>

t

<latexit sha1_base64="QU8S3u8ftmGTgTo+ppJ40txlQtA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7vHxrFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwa52WvUq7cXZSqN1kceTiCYzgFDy6hCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwB6NiNlQ==</latexit>

e+

<latexit sha1_base64="7SPo1IF9gArAiIQiIfK8xP+luA4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVYEMRjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd/XKo3bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4GLjoQ=</latexit>

µ→

<latexit sha1_base64="ByQLoAKeh9rG2YaEWDmyjgKTkSw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GBPEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG11O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJe9Srlyd1Gq3mRx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH1oyNiQ==</latexit>

W→

<latexit sha1_base64="YtzrZRVYucLdOuqRE/NBtxqUZcw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7puPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97lXLl7qJUvcniyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucP04SNhw==</latexit>

W+

LO contributions to cross section for bb4l final state[F. Cascioli et al, arXiv:1312.0546]



Resonance Aware POWHEG

POWHEG - RES separates production and final 
state partons into resonance histories

POWHEG emission generated for each resonance 
history 

Patrick Hurley   University of Sussex

<latexit sha1_base64="t/FJ4+MnmKbhlwkc7d3MtJ9rWk0=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRYEcVnBPqCJZTKdtENnJmEeSgn9DzcuFHHrv7jzb5y0WWjrgQuHc+7l3nuilFGlPe/bWVldW9/YLG2Vt3d29/YrB4dtlRiJSQsnLJHdCCnCqCAtTTUj3VQSxCNGOtH4Ovc7j0Qqmoh7PUlJyNFQ0JhipK30EERIZoEw037ATblfqXo1bwZ3mfgFqUKBZr/yFQwSbDgRGjOkVM/3Uh1mSGqKGZmWA6NIivAYDUnPUoE4UWE2u3rqnlpl4MaJtCW0O1N/T2SIKzXhke3kSI/UopeL/3k9o+OrMKMiNZoIPF8UG+bqxM0jcAdUEqzZxBKEJbW3uniEJMLaBpWH4C++vEza5zW/XqvfXVQbN0UcJTiGEzgDHy6hAbfQhBZgkPAMr/DmPDkvzrvzMW9dcYqZI/gD5/MHd0eShA==</latexit>

ω̄µ
<latexit sha1_base64="eF9BZt+4mYOuoIwp5jGku54nfAU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfywUwS5kc4lDzkFI2VOr0AVRZMS/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5vVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE177GZdJapiki0VhKoiJyex5MuCKUSMmliBV3N5K6AgVUmMjmoXgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QO+U4/O</latexit>

b̄

<latexit sha1_base64="+gRdbMRQ64dfqszZ0ivcl2LxdDQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFKnV5AdYbTUr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIZiF4yy+vktZF1atVa/eXlfptHkcRTuAUzsGDK6jDHTSgCQwkPMMrvDmPzovz7nwsWgtOPnMMf+B8/gDZv4/g</latexit>

t̄

<latexit sha1_base64="KfTyqTqlb2f6Y7bbIa2XoEqJX7E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2FpoQ9lsJ+3SzSbd3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVO6AaBZfYNNwIbCcKaRQIfAxGNzP/8QmV5rF8MJME/YgOJA85o8ZK7W5AVTaelnrlilt15yCrxMtJBXI0euWvbj9maYTSMEG17nhuYvyMKsOZwGmpm2pMKBvRAXYslTRC7Wfze6fkzCp9EsbKljRkrv6eyGik9SQKbGdEzVAvezPxP6+TmvDaz7hMUoOSLRaFqSAmJrPnSZ8rZEZMLKFMcXsrYUOqKDM2olkI3vLLq6R1UfVq1dr9ZaV+m8dRhBM4hXPw4ArqcAcNaAIDAc/wCm/O2Hlx3p2PRWvByWeO4Q+czx/VLY/d</latexit>

q̄

<latexit sha1_base64="JD5k+FujY39TxL/STbBnv80L2ts=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WNBEI8V7Ae0oWy2k3btZjfsboRS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dgpr6xubW8Xt0s7u3v5B+fCopWWqKDap5FJ1QqKRM4FNwwzHTqKQxCHHdji+yfz2EyrNpHgwkwSDmAwFixglxkqtnkj7WOqXK17Vm8NdJX5OKpCj0S9/9QaSpjEKQznRuut7iQmmRBlGOc5KvVRjQuiYDLFrqSAx6mA6v3bmnlll4EZS2RLGnau/J6Yk1noSh7YzJmakl71M/M/rpia6DqZMJKlBQReLopS7RrrZ6+6AKaSGTywhVDF7q0tHRBFqbEBZCP7yy6ukdVH1a9Xa/WWlfpvHUYQTOIVz8OEK6nAHDWgChUd4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/D52O0g==</latexit>ωe<latexit sha1_base64="za/bTSzMMXNePCKPWZoT0loLls4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZ2aFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekKleSzvzThBP6IDyUPOqLFS/bFXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqrdZHHk4gVM4Bw+uoAp3UIMGMEB4hld4cx6cF+fd+Vi05pxs5hj+wPn8AeBjjQQ=</latexit>q

<latexit sha1_base64="1ZLhdk4e7Cr/oqHjMVmo6W5IDkU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDyaeM9Q==</latexit>

b
<latexit sha1_base64="kIMCx3wMoid+s2Np7M5HJwCALA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilBvZLZbfizkFWiZeTMuSo90tfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bHzol51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDGz4RKUuSKLRaFqSQYk9nXZCA0ZygnllCmhb2VsBHVlKHNpmhD8JZfXiWty4pXrVQbV+XaXR5HAU7hDC7Ag2uowT3UoQkMODzDK7w5j86L8+58LFrXnHzmBP7A+fwB5O+NBw==</latexit>

t

<latexit sha1_base64="QU8S3u8ftmGTgTo+ppJ40txlQtA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7vHxrFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwa52WvUq7cXZSqN1kceTiCYzgFDy6hCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwB6NiNlQ==</latexit>

e+

<latexit sha1_base64="7SPo1IF9gArAiIQiIfK8xP+luA4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVYEMRjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd/XKo3bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4GLjoQ=</latexit>

µ→

<latexit sha1_base64="ByQLoAKeh9rG2YaEWDmyjgKTkSw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GBPEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG11O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJe9Srlyd1Gq3mRx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH1oyNiQ==</latexit>

W→

<latexit sha1_base64="YtzrZRVYucLdOuqRE/NBtxqUZcw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7puPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97lXLl7qJUvcniyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucP04SNhw==</latexit>

W+

LO contributions to cross section for bb4l final state[F. Cascioli et al, arXiv:1312.0546]



Resonance Aware POWHEG

POWHEG - RES separates production and final 
state partons into resonance histories

POWHEG emission generated for each resonance 
history 

Resonance aware approach preserves NLO 
differential cross section shapes

Patrick Hurley   University of Sussex

<latexit sha1_base64="t/FJ4+MnmKbhlwkc7d3MtJ9rWk0=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiJSXRYEcVnBPqCJZTKdtENnJmEeSgn9DzcuFHHrv7jzb5y0WWjrgQuHc+7l3nuilFGlPe/bWVldW9/YLG2Vt3d29/YrB4dtlRiJSQsnLJHdCCnCqCAtTTUj3VQSxCNGOtH4Ovc7j0Qqmoh7PUlJyNFQ0JhipK30EERIZoEw037ATblfqXo1bwZ3mfgFqUKBZr/yFQwSbDgRGjOkVM/3Uh1mSGqKGZmWA6NIivAYDUnPUoE4UWE2u3rqnlpl4MaJtCW0O1N/T2SIKzXhke3kSI/UopeL/3k9o+OrMKMiNZoIPF8UG+bqxM0jcAdUEqzZxBKEJbW3uniEJMLaBpWH4C++vEza5zW/XqvfXVQbN0UcJTiGEzgDHy6hAbfQhBZgkPAMr/DmPDkvzrvzMW9dcYqZI/gD5/MHd0eShA==</latexit>

ω̄µ
<latexit sha1_base64="eF9BZt+4mYOuoIwp5jGku54nfAU=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ5lsN+3SzSbuboQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUUdaksYhVJ0DNBJesabgRrJMohlEgWDsY38z89hNTmsfywUwS5kc4lDzkFI2VOr0AVRZMS/1yxa26c5BV4uWkAjka/fJXbxDTNGLSUIFadz03MX6GynAq2LTUSzVLkI5xyLqWSoyY9rP5vVNyZpUBCWNlSxoyV39PZBhpPYkC2xmhGellbyb+53VTE177GZdJapiki0VhKoiJyex5MuCKUSMmliBV3N5K6AgVUmMjmoXgLb+8SloXVa9Wrd1fVuq3eRxFOIFTOAcPrqAOd9CAJlAQ8Ayv8OY8Oi/Ou/OxaC04+cwx/IHz+QO+U4/O</latexit>

b̄

<latexit sha1_base64="+gRdbMRQ64dfqszZ0ivcl2LxdDQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2A9oQ9lsN+3SzSbuToQS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2Z++4lrI2L1gJOE+xEdKhEKRtFKnV5AdYbTUr9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5vVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmT1PBkJzhnJiCWVa2FsJG1FNGdqIZiF4yy+vktZF1atVa/eXlfptHkcRTuAUzsGDK6jDHTSgCQwkPMMrvDmPzovz7nwsWgtOPnMMf+B8/gDZv4/g</latexit>

t̄

<latexit sha1_base64="KfTyqTqlb2f6Y7bbIa2XoEqJX7E=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCIB4r2FpoQ9lsJ+3SzSbd3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVO6AaBZfYNNwIbCcKaRQIfAxGNzP/8QmV5rF8MJME/YgOJA85o8ZK7W5AVTaelnrlilt15yCrxMtJBXI0euWvbj9maYTSMEG17nhuYvyMKsOZwGmpm2pMKBvRAXYslTRC7Wfze6fkzCp9EsbKljRkrv6eyGik9SQKbGdEzVAvezPxP6+TmvDaz7hMUoOSLRaFqSAmJrPnSZ8rZEZMLKFMcXsrYUOqKDM2olkI3vLLq6R1UfVq1dr9ZaV+m8dRhBM4hXPw4ArqcAcNaAIDAc/wCm/O2Hlx3p2PRWvByWeO4Q+czx/VLY/d</latexit>

q̄

<latexit sha1_base64="JD5k+FujY39TxL/STbBnv80L2ts=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WNBEI8V7Ae0oWy2k3btZjfsboRS+h+8eFDEq//Hm//GTZuDtj4YeLw3w8y8MOFMG8/7dgpr6xubW8Xt0s7u3v5B+fCopWWqKDap5FJ1QqKRM4FNwwzHTqKQxCHHdji+yfz2EyrNpHgwkwSDmAwFixglxkqtnkj7WOqXK17Vm8NdJX5OKpCj0S9/9QaSpjEKQznRuut7iQmmRBlGOc5KvVRjQuiYDLFrqSAx6mA6v3bmnlll4EZS2RLGnau/J6Yk1noSh7YzJmakl71M/M/rpia6DqZMJKlBQReLopS7RrrZ6+6AKaSGTywhVDF7q0tHRBFqbEBZCP7yy6ukdVH1a9Xa/WWlfpvHUYQTOIVz8OEK6nAHDWgChUd4hld4c6Tz4rw7H4vWgpPPHMMfOJ8/D52O0g==</latexit>ωe<latexit sha1_base64="za/bTSzMMXNePCKPWZoT0loLls4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZ2aFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm5nfekKleSzvzThBP6IDyUPOqLFS/bFXLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/KXqVcqV+WqrdZHHk4gVM4Bw+uoAp3UIMGMEB4hld4cx6cF+fd+Vi05pxs5hj+wPn8AeBjjQQ=</latexit>q

<latexit sha1_base64="1ZLhdk4e7Cr/oqHjMVmo6W5IDkU=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUCPqlsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrd3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDyaeM9Q==</latexit>

b
<latexit sha1_base64="kIMCx3wMoid+s2Np7M5HJwCALA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VgQxGML9gPaUDbbTbt2swm7E6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfztr6xubWdmGnuLu3f3BYOjpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilBvZLZbfizkFWiZeTMuSo90tfvUHM0ogrZJIa0/XcBP2MahRM8mmxlxqeUDamQ961VNGIGz+bHzol51YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDGz4RKUuSKLRaFqSQYk9nXZCA0ZygnllCmhb2VsBHVlKHNpmhD8JZfXiWty4pXrVQbV+XaXR5HAU7hDC7Ag2uowT3UoQkMODzDK7w5j86L8+58LFrXnHzmBP7A+fwB5O+NBw==</latexit>

t

<latexit sha1_base64="QU8S3u8ftmGTgTo+ppJ40txlQtA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7vHxrFssuWV3BrJMvIyUIEOtW/zq9CKWhCgNE1TrtufGxk+pMpwJnBQ6icaYshEdYNtSSUPUfjo7dUJOrNIj/UjZkobM1N8TKQ21HoeB7QypGepFbyr+57UT07/yUy7jxKBk80X9RBATkenfpMcVMiPGllCmuL2VsCFVlBmbTsGG4C2+vEwa52WvUq7cXZSqN1kceTiCYzgFDy6hCrdQgzowGMAzvMKbI5wX5935mLfmnGzmEP7A+fwB6NiNlQ==</latexit>

e+

<latexit sha1_base64="7SPo1IF9gArAiIQiIfK8xP+luA4=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBi2VXSvVYEMRjBbcttGvJptk2NMkuSVYoS3+DFw+KePUHefPfmLZ70NYHA4/3ZpiZFyacaeO6305hbX1jc6u4XdrZ3ds/KB8etXScKkJ9EvNYdUKsKWeS+oYZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCxkt8T6eNFv1xxq+4caJV4OalAjma//NUbxCQVVBrCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi2VWFAdZPNjp+jMKgMUxcqWNGiu/p7IsNB6IkLbKbAZ6WVvJv7ndVMTXQcZk0lqqCSLRVHKkYnR7HM0YIoSwyeWYKKYvRWREVaYGJtPyYbgLb+8SlqXVa9erd/XKo3bPI4inMApnIMHV9CAO2iCDwQYPMMrvDnSeXHenY9Fa8HJZ47hD5zPH4GLjoQ=</latexit>

µ→

<latexit sha1_base64="ByQLoAKeh9rG2YaEWDmyjgKTkSw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0GBPEY0TwgWcPspJMMmZ1dZmaFsOQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7glhwbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SxbDOIhGpVkA1Ci6xbrgR2IoV0jAQ2AxG11O/+YRK80g+mHGMfkgHkvc5o8ZK983Hs26x5JbdGcgy8TJSggy1bvGr04tYEqI0TFCt254bGz+lynAmcFLoJBpjykZ0gG1LJQ1R++ns1Ak5sUqP9CNlSxoyU39PpDTUehwGtjOkZqgXvan4n9dOTP/KT7mME4OSzRf1E0FMRKZ/kx5XyIwYW0KZ4vZWwoZUUWZsOgUbgrf48jJpnJe9Srlyd1Gq3mRx5OEIjuEUPLiEKtxCDerAYADP8ApvjnBenHfnY96ac7KZQ/gD5/MH1oyNiQ==</latexit>

W→

<latexit sha1_base64="YtzrZRVYucLdOuqRE/NBtxqUZcw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgCGFXJHoMCOIxonlAsobZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSrYBqFFxi3XAjsBUrpGEgsBmMrqd+8wmV5pF8MOMY/ZAOJO9zRo2V7puPZ91iyS27M5Bl4mWkBBlq3eJXpxexJERpmKBatz03Nn5KleFM4KTQSTTGlI3oANuWShqi9tPZqRNyYpUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEz/Jj2ukBkxtoQyxe2thA2poszYdAo2BG/x5WXSOC97lXLl7qJUvcniyMMRHMMpeHAJVbiFGtSBwQCe4RXeHOG8OO/Ox7w152Qzh/AHzucP04SNhw==</latexit>

W+

LO contributions to cross section for bb4l final state[F. Cascioli et al, arXiv:1312.0546]



Initial Results

Patrick Hurley   University of Sussex

Fig 1. Validation of bb4l POWHEG-RES generator (points) at LO 
and NLO with decreasing top width, Γt , compared with on shell, Γt 
= 0, cross section computed using Sherpa.

Fig 2. Validation of  new bb4lh POWHEG-RES generator at LO  for 
decreasing top width, Γt , compared with on shell, Γt = 0, cross 
section computed using Sherpa.

Sherpa - [T. Gleisberg et al, JHEP_106P_1208.dvi]
POWHEG bb4l generator - [T. Jezo, J. M. Lindert et al, arXiv:1607.04538]

<latexit sha1_base64="/kaHB15AjiT4oPEOE1Uk4eBBK6E="></latexit>

ωon→shell =
ωoff→shell (!t) !2

t

BR2 !2
t,phys

BR = Branching Ratio 
Γt,phys = physical top width  



Thank you for Listening


