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• In SIDIS, replacing the final hadron by a jet, involves replacing 
the TMD FF by a TMD jet function 

• Conditions:  

• Use winner-take-all scheme  

•                          , otherwise 
jet boundary effects and 

SIDIS with jets
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[Gutierrez-Reyes, Scimemi, WW, Zoppi]



Winner-Take-All scheme

• Default: Jet axis along jet momentum, so recoiled by soft 
radiation in jet → non-global logarithms 

• Winner-Take-All (WTA) recombination [Salam; Bertolini, Chan, Thaler] 

• Now jet recoiled by all soft radiation → sensible large R limit
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<latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit><latexit sha1_base64="HELZubt7ZXVYSxMY6hwmU4yDKi0=">AAAB/nicdVBNSwMxEM36bf2qiicvwSJ4WrJt0XoTvXhUsLbQ1pJNZzWY3Q3JrFiWgn/FiwdFvPo7vPlvTGsFFX0w8Hhvhpl5oVbSImPv3sTk1PTM7Nx8YWFxaXmluLp2btPMCKiLVKWmGXILSiZQR4kKmtoAj0MFjfD6aOg3bsBYmSZn2NfQifllIiMpODqpW9zQ3bYGoy/yNsIt5jaNcDDoFkvM36/sVoIaZX61tldmzBFWC8pOCXw2QomMcdItvrV7qchiSFAobm0rYBo7OTcohYJBoZ1Z0Fxc80toOZrwGGwnH50/oNtO6dEoNa4SpCP1+0TOY2v7ceg6Y45X9rc3FP/yWhlGtU4uE50hJOJzUZQpiikdZkF70oBA1XeECyPdrVRcccMFusQKLoSvT+n/5LzsB8wPTqulg8NxHHNkk2yRHRKQPXJAjskJqRNBcnJPHsmTd+c9eM/ey2frhDeeWSc/4L1+AAPNltE=</latexit> = 0

<latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit><latexit sha1_base64="sNRa6migR4nhR4s6i31xjdL0aOE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqBeh6MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8e3Mbz9xbUSsHnGScD+iQyVCwSha6eHa7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dErOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb+8SloXVc+teveXlfpNHkcRTuAUzsGDGtThDhrQBAYhPMMrvDlj58V5dz4WrQUnnzmGP3A+fwD6roz7</latexit>

Jet axis
<latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit><latexit sha1_base64="8Dql8bJc/Qhf491IwSfU4mdTRhw=">AAAB+HicbVDLSgNBEJyNrxgfWfXoZTAInsKuCHoMehFPEcwDkiXMTnqTIbMPZnolccmXePGgiFc/xZt/4yTZgyYWNBRV3XR3+YkUGh3n2yqsrW9sbhW3Szu7e/tl++CwqeNUcWjwWMaq7TMNUkTQQIES2okCFvoSWv7oZua3HkFpEUcPOEnAC9kgEoHgDI3Us8tdhDFmd4CUjYWe9uyKU3XmoKvEzUmF5Kj37K9uP+ZpCBFyybTuuE6CXsYUCi5hWuqmGhLGR2wAHUMjFoL2svnhU3pqlD4NYmUqQjpXf09kLNR6EvqmM2Q41MveTPzP66QYXHmZiJIUIeKLRUEqKcZ0lgLtCwUc5cQQxpUwt1I+ZIpxNFmVTAju8surpHledZ2qe39RqV3ncRTJMTkhZ8Qll6RGbkmdNAgnKXkmr+TNerJerHfrY9FasPKZI/IH1ucPCfuTUg==</latexit>

hard
<latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit><latexit sha1_base64="rz7FMgqPsuJ5mSA9QZEss8u61HM=">AAAB8nicdVDLSgMxFM34rPVVdekmWARXQ6YPRndFNy4r2Ae0Q8lk0jY08yC5I5ahn+HGhSJu/Rp3/o2ZtoKKHggczrmX3HP8RAoNhHxYK6tr6xubha3i9s7u3n7p4LCt41Qx3mKxjFXXp5pLEfEWCJC8myhOQ1/yjj+5yv3OHVdaxNEtTBPuhXQUiaFgFIzU6wO/h2xMVTAblMrEJnXXvahiYldJxXFyQtxKrVbHjk3mKKMlmoPSez+IWRryCJikWvcckoCXUQWCST4r9lPNE8omdMR7hkY05NrL5ifP8KlRAjyMlXkR4Ln6fSOjodbT0DeTIYWx/u3l4l9eL4XhuZeJKEmBR2zx0TCVGGKc58eBUJyBnBpCmRLmVsxMfsrAtFQ0JXwlxf+TdsV2iO3c1MqNy2UdBXSMTtAZcpCLGugaNVELMRSjB/SEni2wHq0X63UxumItd47QD1hvnzuvkd8=</latexit>

kcoll?
<latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit><latexit sha1_base64="n2deWSEFbqM6o73c9TIInMfzqpk=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKiR966rgxmUF+4Amhsl00g6dTMLMRCyhv+LGhSJu/RF3/o3Th6CiBy4czrl35t4TJIxKZdsfRm5tfWNzK79d2Nnd2z8wD4tdGacCkw6OWSz6AZKEUU46iipG+okgKAoY6QWTy7nfuyNC0pjfqGlCvAiNOA0pRkpLvlmc+G5CRHKbuSKC+j02882SbdnVZqNeg7ZVdhq1Wl2TeqVZrpxDx7IXKIEV2r757g5jnEaEK8yQlAPHTpSXIaEoZmRWcFNJEoQnaEQGmnIUEelli91n8FQrQxjGQhdXcKF+n8hQJOU0CnRnhNRY/vbm4l/eIFVh08soT1JFOF5+FKYMqhjOg4BDKghWbKoJwoLqXSEeI4Gw0nEVdAhfl8L/SbdsObblXFdLrYtVHHlwDE7AGXBAA7TAFWiDDsDgHjyAJ/BszIxH48V4XbbmjNXMEfgB4+0TxseU5g==</latexit>

ksoft?
<latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit><latexit sha1_base64="zgiglupksLMxTnEWMBEv19IIvWw=">AAAB+3icdVDLSsNAFJ3UV62vWJduBovgKkzaYltXBTcuK9gHNDFMppN26OTBzEQsIb/ixoUibv0Rd/6N04egogcuHM65l3vv8RPOpELowyisrW9sbhW3Szu7e/sH5mG5J+NUENolMY/FwMeSchbRrmKK00EiKA59Tvv+9HLu9++okCyObtQsoW6IxxELGMFKS55ZnnpOQkVymzkihDIOVO6ZFWS17GqzcQ6RVUe1OmpqghqoVa1B20ILVMAKHc98d0YxSUMaKcKxlEMbJcrNsFCMcJqXnFTSBJMpHtOhphEOqXSzxe05PNXKCAax0BUpuFC/T2Q4lHIW+rozxGoif3tz8S9vmKqg6WYsSlJFI7JcFKQcqhjOg4AjJihRfKYJJoLpWyGZYIGJ0nGVdAhfn8L/Sa9q2ciyr+uV9sUqjiI4BifgDNigAdrgCnRAFxBwDx7AE3g2cuPReDFel60FYzVzBH7AePsEzoyU6g==</latexit>
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Er = E1 + E2 n̂r =

⇢
n̂1 if E1 > E2

n̂2 if E2 > E1



✓Nonperturbative momentum fraction z does not enter 

✓Same N3LL accuracy can be achieved [Gutierrez-Reyes, Scimemi, WW, Zoppi] 
(two-loop jet function extracted from EVENT2) 

✓Leading nonp. effects from Collins-Soper kernel

(Dis)advantages of using jets
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✓Nonperturbative momentum fraction z does not enter 

✓Same N3LL accuracy can be achieved [Gutierrez-Reyes, Scimemi, WW, Zoppi] 
(two-loop jet function extracted from EVENT2) 

✓Leading nonp. effects from Collins-Soper kernel 

x Angular resolution for neutral  
particles (in jets) much worse  
than charged hadrons

(Dis)advantages of using jets

5

Use jets based on  
charged particles?



• Superior angular resolution 

• Pile-up removal 

• Example of groomed jet mass 

Benefits of track-based measurements at the LHC

6

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2ρ
 / 

d 
σ

) d
 

re
su

m
σ

(1
 / 

ATLAS
-1= 13 TeV, 32.9 fbs

 R = 0.8tCalorimeter-based, anti-k
 = 0β = 0.1, 

cut
Soft Drop, z

 > 300 GeVlead
T

p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(a) � = 0, calorimeter-based

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2ρ
 / 

d 
σ

) d
 

re
su

m
σ

(1
 / 

ATLAS
-1= 13 TeV, 32.9 fbs
 R = 0.8tTrack-based, anti-k

 = 0β = 0.1, 
cut

Soft Drop, z
 > 300 GeVlead

T
p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(b) � = 0, track-based

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

ρ
 / 

d 
σ

) d
 

re
su

m
σ

(1
 / 

ATLAS
-1= 13 TeV, 32.9 fbs

 R = 0.8tCalorimeter-based, anti-k
 = 1β = 0.1, 

cut
Soft Drop, z

 > 300 GeVlead
T

p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(c) � = 1, calorimeter-based

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.2
0.4
0.6
0.8

1
1.2
1.4
1.6
1.8

2
2.2ρ

 / 
d 

σ
) d

 
re

su
m

σ
(1

 / 

ATLAS
-1= 13 TeV, 32.9 fbs
 R = 0.8tTrack-based, anti-k

 = 1β = 0.1, 
cut

Soft Drop, z
 > 300 GeVlead

T
p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(d) � = 1, track-based

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5

1

1.5

2

2.5

ρ
 / 

d 
σ

) d
 

re
su

m
σ

(1
 / 

ATLAS
-1= 13 TeV, 32.9 fbs

 R = 0.8tCalorimeter-based, anti-k
 = 2β = 0.1, 

cut
Soft Drop, z

 > 300 GeVlead
T

p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(e) � = 2, calorimeter-based

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5

1

1.5

2

2.5

3ρ
 / 

d 
σ

) d
 

re
su

m
σ

(1
 / 

ATLAS
-1= 13 TeV, 32.9 fbs
 R = 0.8tTrack-based, anti-k

 = 2β = 0.1, 
cut

Soft Drop, z
 > 300 GeVlead

T
p

Data
Pythia 8.186
Sherpa 2.1
Herwig++ 2.7

4.5− 4− 3.5− 3− 2.5− 2− 1.5− 1− 0.5−
ρ

0.5
1

1.5

R
at

io
 to

 D
at

a

(f) � = 2, track-based

Figure 6: Comparison of the unfolded ⇢ distribution with MC predictions. The uncertainty bands include all sources:
data and MC statistical uncertainties, nonclosure, modeling, and cluster or tracking uncertainties where relevant.
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⇢ = ln(m2/p2T )

TracksAll particles



• Track function formalism for calculating track-based 
observables has been studied at             [Chang, Procura, Thaler, WW] 

• Track function              describes momentum fraction    of 
initial parton   converted to tracks, i.e. 

• Nonperturbative, process-independent function 

• Sum rule:

Calculations for track-based observables
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Ti(x, µ)

<latexit sha1_base64="pLQiccjt1/ejs0unAdGNTmtPKiw="></latexit>Z 1

0
dxTi(x) = 1

Introduction Track Functions Track Thrust Conclusions

Track Function

I Energy fraction x of parton i converted to tracks

I We use track functions obtained from Pythia
Should be extracted from early LHC (low pile-up) or LEP data

I Normalization:
R 1
0 dxTi(x, µ) = 1

I Not very flavor dependent (compared to PDFs)
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i
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p̄µ = xpµ +O(⇤QCD)
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O(↵s)
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⇡+(x1)
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⇡+(x2)

• Track function encodes correlations between hadrons 

• Connection to fragmentation functions:

Similar but different from fragmentation functions
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<latexit sha1_base64="EWu94zgEE2tbmF+9les3nT7zKxE="></latexit> Z 1

0
dxxTi(x, µ) =

X

charged h

Z 1

0
dxxDi!h(x, µ)

Z 1

0
dxx2 Ti(x, µ) =

X

charged h

Z 1

0
dxx2 Di!h(x, µ)

+
X

charged h1,h2

Z 1

0
dx1 dx2 x1 x2 Di!h1h2(x1, x2, µ)

<latexit sha1_base64="tUSoRe3TzPjIgKtWAEaPR7Dq6Jk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHgqePFYwbSFNpbNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up35rSeujUjUA45THsR0oEQkGEUr+d1UPLq9csWtunOQVeLlpAI5Gr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAE+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AHQkjnA=</latexit>

⇡0



<latexit sha1_base64="J5FIawzivW5zDg5HWZRo2VkJF8s=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0WoCCGJoa2uCm5cVrAPbGOZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee/yYUaks68PILS2vrK7l1wsbm1vbO8XdvZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFF5rfviJA04tdqEhMvRENOA4qR0tJNL6a3J+X7vn3cL5Ys86xWcdwKtEzLqtqOnRGn6p660NZKhhJYoNEvvvcGEU5CwhVmSMqubcXKS5FQFDMyLfQSSWKEx2hIuppyFBLppbOLp/BIKwMYREIXV3Cmfp9IUSjlJPR1Z4jUSP72MvEvr5uooOallMeJIhzPFwUJgyqC2ftwQAXBik00QVhQfSvEIyQQVjqkgg7h61P4P2k5pl0x3Su3VD9fxJEHB+AQlIENqqAOLkEDNAEGHDyAJ/BsSOPReDFe5605YzGzD37AePsEnA2QOA==</latexit>

⇡+(x1)
<latexit sha1_base64="9Jw3aJ/iblwKMO77skacl0Tig0c=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0WoCCGJoa2uCm5cVrAPbGOZTCft0MkkzEzEEvoXblwo4ta/ceffOGkrqOiBC4dz7uXee/yYUaks68PILS2vrK7l1wsbm1vbO8XdvZaMEoFJE0csEh0fScIoJ01FFSOdWBAU+oy0/fFF5rfviJA04tdqEhMvRENOA4qR0tJNL6a3J+X7vnPcL5Ys86xWcdwKtEzLqtqOnRGn6p660NZKhhJYoNEvvvcGEU5CwhVmSMqubcXKS5FQFDMyLfQSSWKEx2hIuppyFBLppbOLp/BIKwMYREIXV3Cmfp9IUSjlJPR1Z4jUSP72MvEvr5uooOallMeJIhzPFwUJgyqC2ftwQAXBik00QVhQfSvEIyQQVjqkgg7h61P4P2k5pl0x3Su3VD9fxJEHB+AQlIENqqAOLkEDNAEGHDyAJ/BsSOPReDFe5605YzGzD37AePsEnZKQOQ==</latexit>

⇡+(x2)

• Track function encodes correlations between hadrons 

• Connection to fragmentation functions:

Similar but different from fragmentation functions
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<latexit sha1_base64="EWu94zgEE2tbmF+9les3nT7zKxE="></latexit> Z 1

0
dxxTi(x, µ) =

X

charged h

Z 1

0
dxxDi!h(x, µ)

Z 1

0
dxx2 Ti(x, µ) =

X

charged h

Z 1

0
dxx2 Di!h(x, µ)

+
X

charged h1,h2

Z 1

0
dx1 dx2 x1 x2 Di!h1h2(x1, x2, µ)

<latexit sha1_base64="Gwzvi4mhrvgxxazixWYsAcqoyv0=">AAACEXicbVBNS8MwGE79nPOr6tFLcAgTYbRlqBdh4sXjBPcBWy1plm5haVqSVDbG/oIX/4oXD4p49ebNf2Pa9aCbD4T3yfO8L8n7+DGjUlnWt7G0vLK6tl7YKG5ube/smnv7TRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5w+vUbz0QIWnE79Q4Jm6I+pwGFCOlJc8sl0eeDU/hyHNO7h14qYmtayZk1Ul9ffHMklWxMsBFYuekBHLUPfOr24twEhKuMENSdmwrVu4ECUUxI9NiN5EkRniI+qSjKUchke4k22gKj7XSg0Ek9OEKZurviQkKpRyHvu4MkRrIeS8V//M6iQou3AnlcaIIx7OHgoRBFcE0HtijgmDFxpogLKj+K8QDJBBWOsSiDsGeX3mRNJ2KfVap3lZLtas8jgI4BEegDGxwDmrgBtRBA2DwCJ7BK3gznowX4934mLUuGfnMAfgD4/MHqMmYhw==</latexit>

(x1 + x2)
2 = x2

1 + x2
2 + 2x1x2

<latexit sha1_base64="tUSoRe3TzPjIgKtWAEaPR7Dq6Jk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqHgqePFYwbSFNpbNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NYW9/Y3Cpul3Z29/YPyodHTZNkmnGfJTLR7ZAaLoXiPgqUvJ1qTuNQ8lY4up35rSeujUjUA45THsR0oEQkGEUr+d1UPLq9csWtunOQVeLlpAI5Gr3yV7efsCzmCpmkxnQ8N8VgQjUKJvm01M0MTykb0QHvWKpozE0wmR87JWdW6ZMo0bYUkrn6e2JCY2PGcWg7Y4pDs+zNxP+8TobRdTARKs2QK7ZYFGWSYEJmn5O+0JyhHFtCmRb2VsKGVFOGNp+SDcFbfnmVNC+q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAE+MBDwDK/w5ijnxXl3PhatBSefOYY/cD5/AHQkjnA=</latexit>

⇡0



• Small effect from switching to tracks except in nonpert. peak 
region (due to phenomenological track functions). 

• Complicated dependence on track functions:

Example application: track thrust
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Introduction Track Functions Track Thrust Conclusions

(Track) Thrust
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1 � ⌧ = T = max
t̂

P
i |t̂·~pi|P
i |~pi|

I “Calorimeter” thrust ⌧ : i runs over all particles
“Track” thrust ⌧̄ : i restricted to charged particles

I ⌧ and ⌧̄ very similar (except in the peak). Why?
I Track thrust has smaller experimental uncertainties
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Results
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PYTHIA 8
I Good agreement in tail region
I Differences in the peak from

nonperturbative corrections
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D. Jet Function

For the collinear radiation, described by the jet func-
tion, we need both the dependence on the energy fraction
x of the collinear tracks as well as their contribution to
the rescaled hemisphere track invariant mass-squared s̄.
The NLO jet function consists of one perturbative q ! qg

splitting whose branches hadronize independently. To
carry out the matching in Eq. (10), we can use the match-
ing coe�cient Jqq(s, z, µ) given in Refs. [27, 46], since
the cancellation of IR divergences proceeds in an iden-
tical manner. Here, s is the qg invariant mass and z is
the momentum fraction of the final quark. Inserting this
matching coe�cient into Eq. (10), the matching calcula-
tion yields

J̄(s̄, x, µ) =

Z 1

0

ds

Z
1

0

dz
Jqq(s, z, µ)

2(2⇡)3

⇥

Z
1

0

dx1 dx2 Tq(x1, µ) Tg(x2, µ)

⇥ �[x�zx1�(1 � z)x2] �
⇣
s̄ �

x1x2

x
s

⌘
, (46)

where we have used the kinematics in Eq. (28). The same
coe�cients Jij(s, z, µ) also appeared in the description
of the fragmentation of a hadron inside a jet [27, 47], as
they describe the perturbative splittings building up the
jet radiation.

The expression for the matching coe�cient is [27, 46]

Jqq(s, z, µ)

2(2⇡)3
= �(s) �(1 � z) +

↵s(µ)CF

2⇡

⇢
2

µ2
L1

⇣
s

µ2

⌘
�(1 � z) +

1

µ2
L0

⇣
s

µ2

⌘
(1 + z

2)L0(1 � z)

+ �(s)
h
(1 + z

2) L1 (1 � z) +
1 + z

2

1 � z
ln z + 1 � z �

⇡
2

6
�(1 � z)

i�
, (47)

so evaluating Eq. (46), we obtain

J̄(s̄, x, µ) =

✓
�(s̄) +

↵sCF

2⇡


2

µ2
L1

⇣
s̄

µ2

⌘
�

2g
L

1

µ2
L0

⇣
s̄

µ2

⌘
+ �(s̄)

⇣
g
L

2
�

⇡
2

6

⌘�◆
Tq(x) +

↵sCF

2⇡

Z
1

0

dx2

Z
1

0

dz

z

⇥

⇢
1

µ2
L0

⇣
s̄

µ2

⌘
(1+z

2)L0(1�z) + �(s̄)


(1+z

2)L1(1�z) + ln
⇣

xz
2

[x�(1�z)x2]x2

⌘
(1+z

2)L0(1�z) + 1�z

��

⇥ Tq

⇣
x � (1 � z)x2

z

⌘
Tg(x2) . (48)

Here we use that the track function vanishes outside the
range x 2 [0, 1] to avoid writing explicit Heaviside func-
tions. Unlike the soft function, the jet function depends
on the full functional form of the quark and gluon track
functions, and not just the logarithmic moments. To
perform these integrals numerically, we used the CUBA
package [48].

The corresponding anomalous dimension is given by

µ
d

dµ
J̄(s̄, x, µ) =

Z
s̄

0

ds̄
0
�J̄(s̄ � s̄

0
, µ) J̄(s̄0

, x, µ) ,

�J̄(s̄, µ) = �2�cusp[↵s(µ)]
1

µ2
L0

⇣
s̄

µ2

⌘

+ �J̄ [↵s(µ)]�(s̄),

�J̄ [↵s] =
↵sCF

⇡

⇣
2g

L

1
+

3

2

⌘
. (49)

Note that the evolution only a↵ects s̄ and not x. As for
the soft function, the logarithmic moment of the gluon
track function g

L

1
contributes to the non-cusp anomalous

dimension.

E. Resummation

In the e↵ective field theory approach we follow here,
the resummation of large double logarithms ↵

n

s
lnm

⌧

(m  2n) is achieved by evaluating the hard, jet, and soft
functions at their natural scales µH , µJ , and µS where
they contain no large logarithms, and running them to a
common scale µ using their respective RG equations.

These RG evolution kernels were implicit in the cross
section in Eq. (26) and are given in App. A. Explicitly
including them,

d�

d⌧̄
= �0 H(Q2

, µH) UH(Q2
, µH , µ)

⇥

Z
ds̄A ds̄

0
A

J̄(s̄A � s̄
0
A
, µJ) UJ̄(s̄0

A
, µJ , µ)

[Chang, Procura, Thaler, WW]



Track-based TMD jet function

• Due to WTA scheme, switching to tracks only modifies jet 
function → Anomalous dimension must be the same. 

• Indeed, it only changes by a constant: 

• Effect of switching to tracks will be small, and can treated 
in a simple manner

<latexit sha1_base64="Ywt5PMomxWcSNnFzDbnkPC3skzQ="></latexit>

J̄ (1)
q (~qT ) = J (1)

q (~qT ) + �2(~qT )4CF

Z 1

0
dx

1 + x2

1� x
ln

x

1� x

Z 1

0
dz1 Tq(z1, µ)

⇥
Z 1

0
dz2 Tg(z2, µ)[⇥(z1x� z2(1� x))�⇥(x� 1

2 )]
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[Chien, Rahn, Schrijnder van Velzen, Shao, WW, Wu]



• Direct track function calculation in dimensional regularization 
results in scaleless integrals 

• Track jet function             differential in invariant mass   of all 
particles and momentum fraction    of charged particles 

• Same renormalization as invariant mass jet function  
from consistency of factorization in SCET 

• Remaining       poles are infrared and cancel when 
matching    onto track functions 

• This fixes the IR poles, and thus UV poles, of  

Track function formalism at 

12
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Track function evolution at 

• Nonlinear evolution (leading order): 

• Compare to extraction from Pythia (in absence of data)
13

<latexit sha1_base64="MSsh+SE+0SxNMJAZ6kKbS1x+6gs=">AAAB/nicdVDLSgMxFM3UV62vUXHlJliEuikzpa3triCCOyvYB3RKuZOmbWjmQZIRylDwV9y4UMSt3+HOvzHTjqCiBwKHc+7lnhw35Ewqy/owMiura+sb2c3c1vbO7p65f9CWQSQIbZGAB6LrgqSc+bSlmOK0GwoKnstpx51eJH7njgrJAv9WzULa92DssxEjoLQ0MI8cD9SEAI+v5wUHeDiBgTwbmHmrWKlV67aFraK1QELsUrlewXaq5FGK5sB8d4YBiTzqK8JByp5thaofg1CMcDrPOZGkIZApjGlPUx88KvvxIv4cn2pliEeB0M9XeKF+34jBk3LmuXoyCSt/e4n4l9eL1KjWj5kfRor6ZHloFHGsApx0gYdMUKL4TBMggumsmExAAFG6sZwu4eun+H/SLhXtarF8U843LtM6sugYnaACstE5aqAr1EQtRFCMHtATejbujUfjxXhdjmaMdOcQ/YDx9glPDJW9</latexit>

O(↵s)

<latexit sha1_base64="YLhDivc/g1Ypf8jfN3pz4mknB+s="></latexit>

j(z)

<latexit sha1_base64="c2TzyWydLBlq1zFP6FQ/0dazA8o="></latexit>

k(1� z)

<latexit sha1_base64="uuKfhpSv002+J27y16ZPrNrFFmI="></latexit>

i

[Chang, Procura, Thaler, WW]

<latexit sha1_base64="/4AD22jEkG/HzY8LKhvppYqEAEg="></latexit>

d

d lnµ2
Ti(x, µ) =

X

j,k

Z
dz

↵s

4⇡
Pji(z)

Z
dx1 Tj(x1, µ)

Z
dx2 Tk(x2, µ)

⇥ �[x� zx1 � (1� z)x2]



Track function evolution in moments

• Taking integer moments of evolution equation: 

• Fragmentation function evolution only has n = 0 term, 
and this term has same coefficient for track functions 

• Beyond leading order (ignoring flavor) 

• Goal to determine unknown coefficients
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Shift symmetry of evolution

• Energy conservation implies evolution has symmetry
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Shift symmetry of evolution

• Energy conservation implies evolution has symmetry 

• Make manifest by using shift-invariant central moments 

• E.g. evolution of the first two moments reads:
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Results for evolution

• Central moments: 

• Regular moments:
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• Weighted cross section in e+e- collisions 

• Tracks are essential to measure EEC at small angles. 

• Conversion to tracks is simple: 

• Collinear limit            involves 

• Generalizing, N-point energy correlators involve at most the 
Nth moment of track functions

Example application: Energy-energy correlator

Outline
• Introduction to Track Functions


Definition


Incorporating tracks in observables


• Track Function Evolution at 


•Predictions for Track EECs


Full-angle EEC up to 


Small-angle limit and jet substructure
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• First           result for track-based measurement: 

• Cancellation of IR poles provides check on NLO evolution

Results for track-based EEC
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• Using jets, instead of hadrons, in SIDIS avoids nonperturbative 
momentum fraction z, with same N3LL precision 

• Track-based measurements overcome limited resolution for 
neutral particles, and only modify TMD jet function constant 

• Track function formalism is being extended to           , and has 
been applied to the EEC

Conclusions and outlook

Thank you!
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