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Outline

Why study track functions? 


What are track functions? 


How to use track functions? 

Introduction New in this talk 

Evolution at order


Two independent calculations


Summary & Outlook
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Why study track functions?

Superior angular resolution

Remove pile-up effects

IR unsafe: the measurement includes 
just a subset of the final state particles. 

Track-based measurements:

Use track functions
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Why study track functions?
’20 ATLAS Collaboration 
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Why study track functions?
’20 ATLAS Collaboration 
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Why study track functions?

Until now ! 

’20 ATLAS Collaboration 
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Track functions describes the momentum fraction x of initial parton i that is converted 
into tracks, i.e. p̄µ = xpµ +O(⇤QCD)
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Independent of the hard process 

Non-perturbative objects that can describe hadronization 

Normalized: 
Z

Ti(x)dx = 1
<latexit sha1_base64="R85Z5VeBIhCf78d0skb3Ig2p5VA=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXFfqCNoTJZNIOnTyYmWhL7Ke4caGIW7/EnX/jtM1CWw8MHM65l3vmeAlnUlnWt1FYW9/Y3Cpul3Z29/YPzPJhW8apILRFYh6Lrocl5SyiLcUUp91EUBx6nHa80e3M7zxQIVkcNdUkoU6IBxELGMFKS65Z7rNIoabLquMz5I/Rte2aFatmzYFWiZ2TCuRouOZX349JGtJIEY6l7NlWopwMC8UIp9NSP5U0wWSEB7SnaYRDKp1sHn2KTrXioyAW+ukgc/X3RoZDKSehpydDrIZy2ZuJ/3m9VAVXTsaiJFU0IotDQcqRitGsB+QzQYniE00wEUxnRWSIBSZKt1XSJdjLX14l7fOabdXs+4tK/SavowjHcAJVsOES6nAHDWgBgUd4hld4M56MF+Pd+FiMFox85wj+wPj8AQvekos=</latexit><latexit sha1_base64="QrU/01yYiPU2tZwSEyPSdBZ7nw4=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXCn1BG8JkMmmHTh7MTLQl9FNcuPFX3IiIu/6N0zYLbV14YeBwzrnMPcdLOJPKsqZGYW19Y3OruF3a2d3bPzDLhy0Zp4LQJol5LDoelpSziDYVU5x2EkFx6HHa9oa3M739SIVkcdRQ44Q6Ie5HLGAEK025ZrnHIoUaLquOzpA/Qte2a1asmjUftArsHFQgn//ZXfOr58ckDWmkCMdSdm0rUU6GhWKE00mpl0qaYDLEfdrVMMIhlU42zzdBp5rxURAL/fS1c/bnRoZDKcehp50hVgO5rM3Iv7RuqoIrJ2NRkioakcVHQcqRitGsLOQzQYniYw0wEUzfisgAC0yUrrSko9vLQVdB67xmWzX74aJSv8k7K8IxnEAVbLiEOtzBPTSBwBM8wyu8Gy/Gm/FhfC6sBSPfOYJfY0y/ASjrmgQ=</latexit><latexit sha1_base64="QrU/01yYiPU2tZwSEyPSdBZ7nw4=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXCn1BG8JkMmmHTh7MTLQl9FNcuPFX3IiIu/6N0zYLbV14YeBwzrnMPcdLOJPKsqZGYW19Y3OruF3a2d3bPzDLhy0Zp4LQJol5LDoelpSziDYVU5x2EkFx6HHa9oa3M739SIVkcdRQ44Q6Ie5HLGAEK025ZrnHIoUaLquOzpA/Qte2a1asmjUftArsHFQgn//ZXfOr58ckDWmkCMdSdm0rUU6GhWKE00mpl0qaYDLEfdrVMMIhlU42zzdBp5rxURAL/fS1c/bnRoZDKcehp50hVgO5rM3Iv7RuqoIrJ2NRkioakcVHQcqRitGsLOQzQYniYw0wEUzfisgAC0yUrrSko9vLQVdB67xmWzX74aJSv8k7K8IxnEAVbLiEOtzBPTSBwBM8wyu8Gy/Gm/FhfC6sBSPfOYJfY0y/ASjrmgQ=</latexit><latexit sha1_base64="QrU/01yYiPU2tZwSEyPSdBZ7nw4=">AAACH3icjVDLSsNAFL2pr1pfqS7dDBahbkoigm6EohuXCn1BG8JkMmmHTh7MTLQl9FNcuPFX3IiIu/6N0zYLbV14YeBwzrnMPcdLOJPKsqZGYW19Y3OruF3a2d3bPzDLhy0Zp4LQJol5LDoelpSziDYVU5x2EkFx6HHa9oa3M739SIVkcdRQ44Q6Ie5HLGAEK025ZrnHIoUaLquOzpA/Qte2a1asmjUftArsHFQgn//ZXfOr58ckDWmkCMdSdm0rUU6GhWKE00mpl0qaYDLEfdrVMMIhlU42zzdBp5rxURAL/fS1c/bnRoZDKcehp50hVgO5rM3Iv7RuqoIrJ2NRkioakcVHQcqRitGsLOQzQYniYw0wEUzfisgAC0yUrrSko9vLQVdB67xmWzX74aJSv8k7K8IxnEAVbLiEOtzBPTSBwBM8wyu8Gy/Gm/FhfC6sBSPfOYJfY0y/ASjrmgQ=</latexit>

7/17

Can be used for any subset of the final state particles 

What are track functions? 



What are track functions? 

At higher orders the evolution  
becomes increasingly non-linear 

Track functions have already been studied at order ↵s
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Goal: Find the full evolution at 
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Evolution consistent with parton shower

’13 Chang, Procura, Thaler, Waalewijn 

µ
µ

dµ
Tq � ↵2

sTqTgTg
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How to use track functions?
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<latexit sha1_base64="VXt6iMTECGp0BR537ZOX/nFr4mc="></latexit><latexit sha1_base64="40VetEEtXKL3hj83TfxlE4k//ac="></latexit><latexit sha1_base64="40VetEEtXKL3hj83TfxlE4k//ac="></latexit><latexit sha1_base64="40VetEEtXKL3hj83TfxlE4k//ac="></latexit>
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<latexit sha1_base64="1UKKT96K6v0FqEf+G+dYiQnVMsg="></latexit><latexit sha1_base64="j/6g6J9QIQxmb+qcollX9fKR+Rs="></latexit><latexit sha1_base64="j/6g6J9QIQxmb+qcollX9fKR+Rs="></latexit><latexit sha1_base64="j/6g6J9QIQxmb+qcollX9fKR+Rs="></latexit>

The cross section for the same observable measured using only tracks: 


The cross section for an IRC safe observable ‘e’ measured using partons:

9/17

IR divergences are subtracted in     (absorbed in     ) �̄
<latexit sha1_base64="61SyNUd365PUdDeORdPp14DaK3M=">AAAB83icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJoYxnBxEDuCHObTbJkd+/Y3RPCkb9hY6GIrX/Gzn/jJrlCEx8MPN6bYWZenApurO9/e6W19Y3NrfJ2ZWd3b/+genjUNkmmKWvRRCS6E6NhgivWstwK1kk1QxkL9hiPb2f+4xPThifqwU5SFkkcKj7gFK2TwjBGnYeGDyVOe9WaX/fnIKskKEgNCjR71a+wn9BMMmWpQGO6gZ/aKEdtORVsWgkzw1KkYxyyrqMKJTNRPr95Ss6c0ieDRLtSlszV3xM5SmMmMnadEu3ILHsz8T+vm9nBdZRzlWaWKbpYNMgEsQmZBUD6XDNqxcQRpJq7WwkdoUZqXUwVF0Kw/PIqaV/UA78e3F/WGjdFHGU4gVM4hwCuoAF30IQWUEjhGV7hzcu8F+/d+1i0lrxi5hj+wPv8AWaLkeg=</latexit><latexit sha1_base64="YgozG431PujKT0ZC7weVK0eXY9M=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8gu4e5kNhkys7vMzAphyW9Y2PgrNiK26fwbJ8kWmlh4YOBwzrncuSdMBdfGdb+c0tr6xuZWebuys7u3f1A9PGrpJFOUNWkiEtUJUTPBY9Y03AjWSRVDGQrWDke3M7/9xJTmSfxoxikLJA5iHnGKxkq+H6LKfc0HEie9as2tu3OQVeIVpAYF/hfvVad+P6GZZLGhArXuem5qghyV4VSwScXPNEuRjnDAupbGKJkO8vlhE3JmlT6JEmVfbMhc/TmRo9R6LEOblGiGetmbiX953cxE10HO4zQzLKaLRVEmiEnIrCXS54pRI8aWIFXc/pXQISqkxnZZsad7y4euktZF3XPr3sNlrXFTdFaGEziFc/DgChpwB/fQBAopPMMrvDsvzpvz4XwuoiWnmDmGX3Cm33UkmWE=</latexit><latexit sha1_base64="YgozG431PujKT0ZC7weVK0eXY9M=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8gu4e5kNhkys7vMzAphyW9Y2PgrNiK26fwbJ8kWmlh4YOBwzrncuSdMBdfGdb+c0tr6xuZWebuys7u3f1A9PGrpJFOUNWkiEtUJUTPBY9Y03AjWSRVDGQrWDke3M7/9xJTmSfxoxikLJA5iHnGKxkq+H6LKfc0HEie9as2tu3OQVeIVpAYF/hfvVad+P6GZZLGhArXuem5qghyV4VSwScXPNEuRjnDAupbGKJkO8vlhE3JmlT6JEmVfbMhc/TmRo9R6LEOblGiGetmbiX953cxE10HO4zQzLKaLRVEmiEnIrCXS54pRI8aWIFXc/pXQISqkxnZZsad7y4euktZF3XPr3sNlrXFTdFaGEziFc/DgChpwB/fQBAopPMMrvDsvzpvz4XwuoiWnmDmGX3Cm33UkmWE=</latexit><latexit sha1_base64="YgozG431PujKT0ZC7weVK0eXY9M=">AAACGHicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD8gu4e5kNhkys7vMzAphyW9Y2PgrNiK26fwbJ8kWmlh4YOBwzrncuSdMBdfGdb+c0tr6xuZWebuys7u3f1A9PGrpJFOUNWkiEtUJUTPBY9Y03AjWSRVDGQrWDke3M7/9xJTmSfxoxikLJA5iHnGKxkq+H6LKfc0HEie9as2tu3OQVeIVpAYF/hfvVad+P6GZZLGhArXuem5qghyV4VSwScXPNEuRjnDAupbGKJkO8vlhE3JmlT6JEmVfbMhc/TmRo9R6LEOblGiGetmbiX953cxE10HO4zQzLKaLRVEmiEnIrCXS54pRI8aWIFXc/pXQISqkxnZZsad7y4euktZF3XPr3sNlrXFTdFaGEziFc/DgChpwB/fQBAopPMMrvDsvzpvz4XwuoiWnmDmGX3Cm33UkmWE=</latexit>

Ti
<latexit sha1_base64="tN0sBnPo09oBLsN7Np/BiMm5fNA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V+wVtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/udJ1Sax7Jppgn6ER1JHnJGjZUemwM+KFfcqrsAWSdeTiqQozEof/WHMUsjlIYJqnXPcxPjZ1QZzgTOSv1UY0LZhI6wZ6mkEWo/W5w6IxdWGZIwVrakIQv190RGI62nUWA7I2rGetWbi/95vdSEN37GZZIalGy5KEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZsemUbAje6svrpH1V9dyq93Bdqd/mcRThDM7hEjyoQR3uoQEtYDCCZ3iFN0c4L86787FsLTj5zCn8gfP5Aym4jbQ=</latexit><latexit sha1_base64="UAZu/dlr/HzS0RgzubTd/CfKJww=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVTMC5IlzE5mkyGzs8vMXSEs+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6nvqtB66NiFUdxwn3IzpQIhSMopXu6z3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezeybkxCp9EsbaPoVkpv6cyGhkzDgKbDKiODSL3lT8y+ukGF76mVBJilyx+aIwlQRjMi2H9IXmDOXYEsq0sH8lbEg1ZWgrLNnTvcVDl0nzrOq5Ve/uvFK7yjsrwhEcwyl4cAE1uIFbaACDATzCM7w6T86L8+a8z6MFJ585hF9wPr4BqHOVLQ==</latexit><latexit sha1_base64="UAZu/dlr/HzS0RgzubTd/CfKJww=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVTMC5IlzE5mkyGzs8vMXSEs+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6nvqtB66NiFUdxwn3IzpQIhSMopXu6z3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezeybkxCp9EsbaPoVkpv6cyGhkzDgKbDKiODSL3lT8y+ukGF76mVBJilyx+aIwlQRjMi2H9IXmDOXYEsq0sH8lbEg1ZWgrLNnTvcVDl0nzrOq5Ve/uvFK7yjsrwhEcwyl4cAE1uIFbaACDATzCM7w6T86L8+a8z6MFJ585hF9wPr4BqHOVLQ==</latexit><latexit sha1_base64="UAZu/dlr/HzS0RgzubTd/CfKJww=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVTMC5IlzE5mkyGzs8vMXSEs+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRAqDrvvlFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6nvqtB66NiFUdxwn3IzpQIhSMopXu6z3RK1fcqjsDWSZeTiqQ43/xXvmz249ZGnGFTFJjOp6boJ9RjYJJPil1U8MTykZ0wDuWKhpx42ezeybkxCp9EsbaPoVkpv6cyGhkzDgKbDKiODSL3lT8y+ukGF76mVBJilyx+aIwlQRjMi2H9IXmDOXYEsq0sH8lbEg1ZWgrLNnTvcVDl0nzrOq5Ve/uvFK7yjsrwhEcwyl4cAE1uIFbaACDATzCM7w6T86L8+a8z6MFJ585hF9wPr4BqHOVLQ==</latexit>



How to use track functions?
LO track function NLO track function 
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q ⌦ T (0)

q ⌦ T (0)
g

<latexit sha1_base64="6ioEJuJ9XJL5TiEe59OUmF6xn4k=">AAACLXicfZDLSsNAFIYnXmu9RV26GSxC3ZREBV0WdeGyQm/QxDCZTtKhk0ycmQgl5IXc+CoiuKiIW1/DaZuFtuIPAz/fOYcz5/cTRqWyrLGxtLyyurZe2ihvbm3v7Jp7+23JU4FJC3PGRddHkjAak5aiipFuIgiKfEY6/vB6Uu88EiEpj5tqlBA3QmFMA4qR0sgzbxwficyRNIxQ7p1BhysaEQmb3sN9VrVO8n9JOCOeWbFq1lRw0diFqYBCDc98dfocpxGJFWZIyp5tJcrNkFAUM5KXnVSSBOEhCklP2xjpdW42vTaHx5r0YcCFfrGCU/pzIkORlKPI150RUgM5X5vAv2q9VAWXbkbjJFUkxrNFQcqg4nASHexTQbBiI20QFlT/FeIBEggrHXBZh2DPn7xo2qc126rZd+eV+lURRwkcgiNQBTa4AHVwCxqgBTB4Ai9gDN6NZ+PN+DA+Z61LRjFzAH7J+PoG+C2nSQ==</latexit><latexit sha1_base64="55RVxNy8KAwaDPBh+7thc9D4Qmw=">AAACUnicjVJdS8MwFE3r15xTqz76EhzCfBmtCvo41AcfFfYFay1plnZhaVqTVBilf8hfI+LL/oovmm19UCfigcDh3HPJvScJUkalsu2pYa6srq1vVDarW7XtnV1rb78rk0xg0sEJS0Q/QJIwyklHUcVIPxUExQEjvWB8Pav3noiQNOFtNUmJF6OI05BipLTkWzdugETuShrFqPDPoJsoGhMJ2/7jQ96wT4o/lWih+FbdbtpzwGXilKQOSvzP7luv7jDBWUy4wgxJOXDsVHk5EopiRoqqm0mSIjxGERloypGeycvnkRTwWCtDGCZCH67gXP3akaNYykkcaGeM1Ej+rM3E32qDTIWXXk55minC8eKiMGNQJXCWLxxSQbBiE00QFlTPCvEICYSVfoWqXt35uegy6Z42Hbvp3J/XW1dlZhVwCI5AAzjgArTALbgDHYDBM3gBU/BhvBnvpv4lC6tplD0H4BvM2ieNzqvF</latexit><latexit sha1_base64="55RVxNy8KAwaDPBh+7thc9D4Qmw=">AAACUnicjVJdS8MwFE3r15xTqz76EhzCfBmtCvo41AcfFfYFay1plnZhaVqTVBilf8hfI+LL/oovmm19UCfigcDh3HPJvScJUkalsu2pYa6srq1vVDarW7XtnV1rb78rk0xg0sEJS0Q/QJIwyklHUcVIPxUExQEjvWB8Pav3noiQNOFtNUmJF6OI05BipLTkWzdugETuShrFqPDPoJsoGhMJ2/7jQ96wT4o/lWih+FbdbtpzwGXilKQOSvzP7luv7jDBWUy4wgxJOXDsVHk5EopiRoqqm0mSIjxGERloypGeycvnkRTwWCtDGCZCH67gXP3akaNYykkcaGeM1Ej+rM3E32qDTIWXXk55minC8eKiMGNQJXCWLxxSQbBiE00QFlTPCvEICYSVfoWqXt35uegy6Z42Hbvp3J/XW1dlZhVwCI5AAzjgArTALbgDHYDBM3gBU/BhvBnvpv4lC6tplD0H4BvM2ieNzqvF</latexit><latexit sha1_base64="55RVxNy8KAwaDPBh+7thc9D4Qmw=">AAACUnicjVJdS8MwFE3r15xTqz76EhzCfBmtCvo41AcfFfYFay1plnZhaVqTVBilf8hfI+LL/oovmm19UCfigcDh3HPJvScJUkalsu2pYa6srq1vVDarW7XtnV1rb78rk0xg0sEJS0Q/QJIwyklHUcVIPxUExQEjvWB8Pav3noiQNOFtNUmJF6OI05BipLTkWzdugETuShrFqPDPoJsoGhMJ2/7jQ96wT4o/lWih+FbdbtpzwGXilKQOSvzP7luv7jDBWUy4wgxJOXDsVHk5EopiRoqqm0mSIjxGERloypGeycvnkRTwWCtDGCZCH67gXP3akaNYykkcaGeM1Ej+rM3E32qDTIWXXk55minC8eKiMGNQJXCWLxxSQbBiE00QFlTPCvEICYSVfoWqXt35uegy6Z42Hbvp3J/XW1dlZhVwCI5AAzjgArTALbgDHYDBM3gBU/BhvBnvpv4lC6tplD0H4BvM2ieNzqvF</latexit>

�3
<latexit sha1_base64="GH8vdB2zwtEJ0iKC8YwuDHyBuKk=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5U0DJoYxnBxEByhL3NXrJkd+/cnRNCyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x80bZIZxhsskYlpRdRyKTRvoEDJW6nhVEWSP0TDm6n/8MSNFYm+x1HKQ0X7WsSCUXRSq2NFX9Huebdc8av+DGSZBDmpQI56t/zV6SUsU1wjk9TaduCnGI6pQcEkn5Q6meUpZUPa521HNVXchuPZvRNy4pQeiRPjSiOZqb8nxlRZO1KR61QUB3bRm4r/ee0M46twLHSaIddsvijOJMGETJ8nPWE4QzlyhDIj3K2EDaihDF1EJRdCsPjyMmmeVQO/GtxdVGrXeRxFOIJjOIUALqEGt1CHBjCQ8Ayv8OY9ei/eu/cxby14+cwh/IH3+QPIzY/J</latexit><latexit sha1_base64="Grj4coZXKbvaT2/DA2f3GCxSzfs=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAckS7k4myZCZ2WVmVghLfsLCxl+xEbG1sPNvnCRbaGLhgYHDOedy554oEdxY3//ylpZXVtfWCxvFza3tnd3S3n7dxKmmrEZjEetmhIYJrljNcitYM9EMZSRYIxpeT/zGA9OGx+rejhIWSuwr3uMUrZOabcP7EjtnnVLZr/hTkEUS5KQMOf4X75Q+292YppIpSwUa0wr8xIYZasupYONiOzUsQTrEPms5qlAyE2bTo8bk2Cld0ou1e8qSqfpzIkNpzEhGLinRDsy8NxH/8lqp7V2GGVdJapmis0W9VBAbk0lDpMs1o1aMHEGqufsroQPUSK3rsehOD+YPXST100rgV4K783L1Ku+sAIdwBCcQwAVU4QZuoQYUBDzCM7x6T96L9+a9z6JLXj5zAL/gfXwDjh+XQg==</latexit><latexit sha1_base64="Grj4coZXKbvaT2/DA2f3GCxSzfs=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAckS7k4myZCZ2WVmVghLfsLCxl+xEbG1sPNvnCRbaGLhgYHDOedy554oEdxY3//ylpZXVtfWCxvFza3tnd3S3n7dxKmmrEZjEetmhIYJrljNcitYM9EMZSRYIxpeT/zGA9OGx+rejhIWSuwr3uMUrZOabcP7EjtnnVLZr/hTkEUS5KQMOf4X75Q+292YppIpSwUa0wr8xIYZasupYONiOzUsQTrEPms5qlAyE2bTo8bk2Cld0ou1e8qSqfpzIkNpzEhGLinRDsy8NxH/8lqp7V2GGVdJapmis0W9VBAbk0lDpMs1o1aMHEGqufsroQPUSK3rsehOD+YPXST100rgV4K783L1Ku+sAIdwBCcQwAVU4QZuoQYUBDzCM7x6T96L9+a9z6JLXj5zAL/gfXwDjh+XQg==</latexit><latexit sha1_base64="Grj4coZXKbvaT2/DA2f3GCxSzfs=">AAACFHicjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lgrmAckS7k4myZCZ2WVmVghLfsLCxl+xEbG1sPNvnCRbaGLhgYHDOedy554oEdxY3//ylpZXVtfWCxvFza3tnd3S3n7dxKmmrEZjEetmhIYJrljNcitYM9EMZSRYIxpeT/zGA9OGx+rejhIWSuwr3uMUrZOabcP7EjtnnVLZr/hTkEUS5KQMOf4X75Q+292YppIpSwUa0wr8xIYZasupYONiOzUsQTrEPms5qlAyE2bTo8bk2Cld0ou1e8qSqfpzIkNpzEhGLinRDsy8NxH/8lqp7V2GGVdJapmis0W9VBAbk0lDpMs1o1aMHEGqufsroQPUSK3rsehOD+YPXST100rgV4K783L1Ku+sAIdwBCcQwAVU4QZuoQYUBDzCM7x6T96L9+a9z6JLXj5zAL/gfXwDjh+XQg==</latexit> +

<latexit sha1_base64="4jLjFLf6PErK96hG9qHgnIQ4qS4=">AAACMHicfZDLSsNAFIYnXmu8RV26GSyFilASFXRZdKHLCr1BE8NkOkmHTi7OTIQS8khufBTdKCji1qdw2mahrfjDwM93zuHM+b2EUSFN81VbWFxaXlktrenrG5tb28bOblvEKcekhWMW866HBGE0Ii1JJSPdhBMUeox0vOHluN65J1zQOGrKUUKcEAUR9SlGUiHXuDrSK7aHeGYLGoQod0+gHUsaEgGb7t1tVjUP839JMCWuUTZr5kRw3liFKYNCDdd4svsxTkMSScyQED3LTKSTIS4pZiTX7VSQBOEhCkhP2QipdU42OTiHFUX60I+5epGEE/pzIkOhEKPQU50hkgMxWxvDv2q9VPrnTkajJJUkwtNFfsqgjOE4PdinnGDJRsogzKn6K8QDxBGWKmNdhWDNnjxv2sc1y6xZN6fl+kURRwnsgwNQBRY4A3VwDRqgBTB4AM/gDbxrj9qL9qF9TlsXtGJmD/yS9vUNCZynwQ==</latexit><latexit sha1_base64="kBlCH+CEC5w/CxpwUHNAYvRa0jg=">AAACVXicjVFbS8MwGE3rnLNeVvXRl+AYTITRqqCPQx/0UWE3WGtJs3QLSy8mqTBKf5J/Rh9E8K8IZlsfdBPxQOBwzvn4LvETRoW0rHdNXyutlzcqm8bW9s5u1dzb74o45Zh0cMxi3veRIIxGpCOpZKSfcIJCn5GeP7me+b0nwgWNo7acJsQN0SiiAcVIKskzb06MuuMjnjmCjkKUe2fQiSUNiYBt7/Eha1jH+Z/KaKF4Zs1qWnPAVWIXpAYK/C/umS/OMMZpSCKJGRJiYFuJdDPEJcWM5IaTCpIgPEEjMlA0QmomN5tfJYd1pQxhEHP1Ignn6veKDIVCTENfJUMkx2LZm4m/eYNUBpduRqMklSTCi0ZByqCM4ezEcEg5wZJNFUGYUzUrxGPEEZbqIwy1ur286CrpnjZtq2nfn9daV8XNKuAQHIEGsMEFaIFbcAc6AINn8Ao+NF170z71kl5eRHWtqDkAP6BXvwCDyas+</latexit><latexit sha1_base64="kBlCH+CEC5w/CxpwUHNAYvRa0jg=">AAACVXicjVFbS8MwGE3rnLNeVvXRl+AYTITRqqCPQx/0UWE3WGtJs3QLSy8mqTBKf5J/Rh9E8K8IZlsfdBPxQOBwzvn4LvETRoW0rHdNXyutlzcqm8bW9s5u1dzb74o45Zh0cMxi3veRIIxGpCOpZKSfcIJCn5GeP7me+b0nwgWNo7acJsQN0SiiAcVIKskzb06MuuMjnjmCjkKUe2fQiSUNiYBt7/Eha1jH+Z/KaKF4Zs1qWnPAVWIXpAYK/C/umS/OMMZpSCKJGRJiYFuJdDPEJcWM5IaTCpIgPEEjMlA0QmomN5tfJYd1pQxhEHP1Ignn6veKDIVCTENfJUMkx2LZm4m/eYNUBpduRqMklSTCi0ZByqCM4ezEcEg5wZJNFUGYUzUrxGPEEZbqIwy1ur286CrpnjZtq2nfn9daV8XNKuAQHIEGsMEFaIFbcAc6AINn8Ao+NF170z71kl5eRHWtqDkAP6BXvwCDyas+</latexit><latexit sha1_base64="kBlCH+CEC5w/CxpwUHNAYvRa0jg=">AAACVXicjVFbS8MwGE3rnLNeVvXRl+AYTITRqqCPQx/0UWE3WGtJs3QLSy8mqTBKf5J/Rh9E8K8IZlsfdBPxQOBwzvn4LvETRoW0rHdNXyutlzcqm8bW9s5u1dzb74o45Zh0cMxi3veRIIxGpCOpZKSfcIJCn5GeP7me+b0nwgWNo7acJsQN0SiiAcVIKskzb06MuuMjnjmCjkKUe2fQiSUNiYBt7/Eha1jH+Z/KaKF4Zs1qWnPAVWIXpAYK/C/umS/OMMZpSCKJGRJiYFuJdDPEJcWM5IaTCpIgPEEjMlA0QmomN5tfJYd1pQxhEHP1Ignn6veKDIVCTENfJUMkx2LZm4m/eYNUBpduRqMklSTCi0ZByqCM4ezEcEg5wZJNFUGYUzUrxGPEEZbqIwy1ur286CrpnjZtq2nfn9daV8XNKuAQHIEGsMEFaIFbcAc6AINn8Ao+NF170z71kl5eRHWtqDkAP6BXvwCDyas+</latexit>
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<latexit sha1_base64="ijINiwO9oSv8YUkzxanGKnSWRrU=">AAACYXicfZHNT8IwGMa7iQooOPHIpZGQwIVsaKJHohePmPCVsLl0pYyG7sO2M5Jl/6Q3L178Ryywg4DxTZo8+T3vm7d96sWMCmman5p+VDg+OS2WymfnleqFcVkbiSjhmAxxxCI+8ZAgjIZkKKlkZBJzggKPkbG3fFz74zfCBY3CgVzFxAmQH9I5xUgq5Brvtod4agvqByhzu9COJA2IgAP39SVtWe1sj5jtrNzcmbk57PiX+FviGg2zY24KHgorFw2QV981PuxZhJOAhBIzJMTUMmPppIhLihnJynYiSIzwEvlkqmSI1Don3SSUwaYiMziPuDqhhBv6eyJFgRCrwFOdAZILse+t4V/eNJHzeyelYZxIEuLtonnCoIzgOm44o5xgyVZKIMypuivEC8QRlupTyioEa//Jh2LU7Vhmx3q+bfQe8jiKoA6uQQtY4A70wBPogyHA4EsraBWtqn3rJd3Qa9tWXctnrsBO6fUfwS60Xw==</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit>

=<latexit sha1_base64="4fAUk0C7pBZAN/8hJS6ZjqGDtig=">AAACZHicfZHNS8MwGMbT+rE5p3YOT4IEx2C7jHYKehGGXjxO2BestaRZOsPSD5NUGKX/pDePXvw7zLYetBNfCDz8nvflTZ54MaNCmuaHpu/s7u2XygeVw+rR8YlROx2JKOGYDHHEIj7xkCCMhmQoqWRkEnOCAo+Rsbd4WPnjN8IFjcKBXMbECdA8pD7FSCrkGuldpWl7iKe2oPMAZW4X2pGkARFw4L4+py2rnRWI2c4KM1fbHf+S+Ya4RsPsmOuC28LKRQPk1XeNd3sW4SQgocQMCTG1zFg6KeKSYkayip0IEiO8QHMyVTJEap2TrkPKYFORGfQjrk4o4Zr+nEhRIMQy8FRngOSLKHor+Jc3TaR/66Q0jBNJQrxZ5CcMygiuEoczygmWbKkEwpyqu0L8gjjCUv1LRYVgFZ+8LUbdjmV2rKfrRu8+j6MMzsElaAEL3IAeeAR9MAQYfGolzdBq2pde1ev62aZV1/KZOvhV+sU3Cfm06Q==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit>
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<latexit sha1_base64="ijINiwO9oSv8YUkzxanGKnSWRrU=">AAACYXicfZHNT8IwGMa7iQooOPHIpZGQwIVsaKJHohePmPCVsLl0pYyG7sO2M5Jl/6Q3L178Ryywg4DxTZo8+T3vm7d96sWMCmman5p+VDg+OS2WymfnleqFcVkbiSjhmAxxxCI+8ZAgjIZkKKlkZBJzggKPkbG3fFz74zfCBY3CgVzFxAmQH9I5xUgq5Brvtod4agvqByhzu9COJA2IgAP39SVtWe1sj5jtrNzcmbk57PiX+FviGg2zY24KHgorFw2QV981PuxZhJOAhBIzJMTUMmPppIhLihnJynYiSIzwEvlkqmSI1Don3SSUwaYiMziPuDqhhBv6eyJFgRCrwFOdAZILse+t4V/eNJHzeyelYZxIEuLtonnCoIzgOm44o5xgyVZKIMypuivEC8QRlupTyioEa//Jh2LU7Vhmx3q+bfQe8jiKoA6uQQtY4A70wBPogyHA4EsraBWtqn3rJd3Qa9tWXctnrsBO6fUfwS60Xw==</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit><latexit sha1_base64="RnC1QvVdgP9gh9ihECab17Q0e3E=">AAAChnicjZFNT8IwGMe7iYooOvXopZGQwGXZQINHohePmvCWMFy6UqCh62bbGcmyL+nNi5/FAjsIGOOTNPnn9/yf9HkJYkalcpxPw9wr7B8cFo9Kxyfl0zPr/KIno0Rg0sURi8QgQJIwyklXUcXIIBYEhQEj/WD+sMz334iQNOIdtYjJKERTTicUI6WRb717ARKpJ+k0RJnfgF6kaEgk7PivL2nNrWdbxKlnpepGTXPX8SeZrolvVRzbWQXcFW4uKiCP/9l968MbRzgJCVeYISmHrhOrUYqEopiRrOQlksQIz9GUDLXkSPc0SldrzGBVkzGcREI/ruCK/qxIUSjlIgy0M0RqJrdzS/hbbpioyd0opTxOFOF4/dEkYVBFcHkTOKaCYMUWWiAsqO4V4hkSCCt9uZIe3d0edFf0Grbr2O7zTaV9n++sCK7ANagBF7RAGzyCJ9AFGHwZBaNsNM2iaZu3ZmttNY285hJshNn+Bhdjutk=</latexit>

=<latexit sha1_base64="4fAUk0C7pBZAN/8hJS6ZjqGDtig=">AAACZHicfZHNS8MwGMbT+rE5p3YOT4IEx2C7jHYKehGGXjxO2BestaRZOsPSD5NUGKX/pDePXvw7zLYetBNfCDz8nvflTZ54MaNCmuaHpu/s7u2XygeVw+rR8YlROx2JKOGYDHHEIj7xkCCMhmQoqWRkEnOCAo+Rsbd4WPnjN8IFjcKBXMbECdA8pD7FSCrkGuldpWl7iKe2oPMAZW4X2pGkARFw4L4+py2rnRWI2c4KM1fbHf+S+Ya4RsPsmOuC28LKRQPk1XeNd3sW4SQgocQMCTG1zFg6KeKSYkayip0IEiO8QHMyVTJEap2TrkPKYFORGfQjrk4o4Zr+nEhRIMQy8FRngOSLKHor+Jc3TaR/66Q0jBNJQrxZ5CcMygiuEoczygmWbKkEwpyqu0L8gjjCUv1LRYVgFZ+8LUbdjmV2rKfrRu8+j6MMzsElaAEL3IAeeAR9MAQYfGolzdBq2pde1ev62aZV1/KZOvhV+sU3Cfm06Q==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit><latexit sha1_base64="kw2ridsAT+AtJL52CGLi1bgKNbw=">AAACiXicjZFJSwMxFMcz49I6dRn16CVYCu2lTKpoEYRiLx4VukGnDpk0nYZmFpOMUIb5kt48+k1Ml4O2Ij4I/Pm9/yNv8RPOpHKcD8Pc2d3bLxQPrNLh0fGJfXrWk3EqCO2SmMdi4GNJOYtoVzHF6SARFIc+p31/1l7k+29USBZHHTVP6CjEQcQmjGClkWdn91bF9bHIXMmCEOdeA7qxYiGVsOO9vmRVVMs3iFPLN2quth1/kmBFPLvs1J1lwG2B1qIM1vE/u2e/u+OYpCGNFOFYyiFyEjXKsFCMcJpbbippgskMB3SoZYR1T6NsuckcVjQZw0ks9IsUXNLvFRkOpZyHvnaGWE3lZm4Bf8sNUzVpjjIWJamiEVl9NEk5VDFcnAWOmaBE8bkWmAime4VkigUmSh/P0qOjzUG3Ra9RR04dPV+XWw/rnRXBBbgEVYDALWiBR/AEuoCAT6Ng2MaNWTKR2TTvVlbTWNecgx9htr8AcCq7Yw==</latexit>Note that 



Track function evolution
Two independent calculations to extract the track function evolution at ↵2

s
<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

EEC cross section Jet function  Methods agree  

Correlation between energy deposits 
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Tracking can easily be incorporated with 
moments of Track functions. 

Direct calculation of the track jet function

Matching the IR-poles gives the track 
function evolution at  ↵2

s
<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

G
<latexit sha1_base64="fQ/c63DZaPqQh7h+xn9PaQpy2Wg=">AAAB83icbVDLSsNAFL2prxpfVZduBovgqiQi6LLoQpcV7AOaUCbTSTt0MgnzEErob7hxoYhbf8adf+OkzUJbDwwczrmXe+ZEGWdKe963U1lb39jcqm67O7t7+we1w6OOSo0ktE1SnspehBXlTNC2ZprTXiYpTiJOu9HktvC7T1QqlopHPc1omOCRYDEjWFspcIME6zHBPL+bDWp1r+HNgVaJX5I6lGgNal/BMCUmoUITjpXq+16mwxxLzQinMzcwimaYTPCI9i0VOKEqzOeZZ+jMKkMUp9I+odFc/b2R40SpaRLZySKiWvYK8T+vb3R8HeZMZEZTQRaHYsORTlFRABoySYnmU0swkcxmRWSMJSba1uTaEvzlL6+SzkXD9xr+w2W9eVPWUYUTOIVz8OEKmnAPLWgDgQye4RXeHOO8OO/Ox2K04pQ7x/AHzucPrfqRcQ==</latexit><latexit sha1_base64="wwmvIiYJ+B5/9FXadWHTwuRA508=">AAACGHicjVBNSwMxFHxbv+r6VfXoJVgET2VXBD0WPehRwdZCdynZNNuGZpMlyQpl6d/w4MW/4kXEa2/+G7PtHrT14EBgmHmPl5ko5Uwbz/tyKiura+sb1U13a3tnd6+2f9DWMlOEtojkUnUirClngrYMM5x2UkVxEnH6GI2uC//xiSrNpHgw45SGCR4IFjOCjZUCN0iwGRLM85tJr1b3Gt4MaJn4JalDif+N92rToC9JllBhCMdad30vNWGOlWGE04kbZJqmmIzwgHYtFTihOsxnwSboxCp9FEtlnzBopv7cyHGi9TiJ7GSRQy96hfiX181MfBnmTKSZoYLMD8UZR0aioiXUZ4oSw8eWYKKY/SsiQ6wwMbZL10b3F4Muk/ZZw/ca/v15vXlVdlaFIziGU/DhAppwC3fQAgIpPMMrvDsvzpvz4XzORytOuXMIv+BMvwGrYJjq</latexit><latexit sha1_base64="wwmvIiYJ+B5/9FXadWHTwuRA508=">AAACGHicjVBNSwMxFHxbv+r6VfXoJVgET2VXBD0WPehRwdZCdynZNNuGZpMlyQpl6d/w4MW/4kXEa2/+G7PtHrT14EBgmHmPl5ko5Uwbz/tyKiura+sb1U13a3tnd6+2f9DWMlOEtojkUnUirClngrYMM5x2UkVxEnH6GI2uC//xiSrNpHgw45SGCR4IFjOCjZUCN0iwGRLM85tJr1b3Gt4MaJn4JalDif+N92rToC9JllBhCMdad30vNWGOlWGE04kbZJqmmIzwgHYtFTihOsxnwSboxCp9FEtlnzBopv7cyHGi9TiJ7GSRQy96hfiX181MfBnmTKSZoYLMD8UZR0aioiXUZ4oSw8eWYKKY/SsiQ6wwMbZL10b3F4Muk/ZZw/ca/v15vXlVdlaFIziGU/DhAppwC3fQAgIpPMMrvDsvzpvz4XzORytOuXMIv+BMvwGrYJjq</latexit><latexit sha1_base64="wwmvIiYJ+B5/9FXadWHTwuRA508=">AAACGHicjVBNSwMxFHxbv+r6VfXoJVgET2VXBD0WPehRwdZCdynZNNuGZpMlyQpl6d/w4MW/4kXEa2/+G7PtHrT14EBgmHmPl5ko5Uwbz/tyKiura+sb1U13a3tnd6+2f9DWMlOEtojkUnUirClngrYMM5x2UkVxEnH6GI2uC//xiSrNpHgw45SGCR4IFjOCjZUCN0iwGRLM85tJr1b3Gt4MaJn4JalDif+N92rToC9JllBhCMdad30vNWGOlWGE04kbZJqmmIzwgHYtFTihOsxnwSboxCp9FEtlnzBopv7cyHGi9TiJ7GSRQy96hfiX181MfBnmTKSZoYLMD8UZR0aioiXUZ4oSw8eWYKKY/SsiQ6wwMbZL10b3F4Muk/ZZw/ca/v15vXlVdlaFIziGU/DhAppwC3fQAgIpPMMrvDsvzpvz4XzORytOuXMIv+BMvwGrYJjq</latexit>

’19 Moult, Zhu, Dixon  

’14 Ritzmann, Waalewijn 

’20 Chen, Moult, Zhang, Zhu 



Track function evolution
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The evolution of the track function up to third moment can be expressed in terms 
of moments of splitting functions. 

At LO the evolution is the same as for fragmentation functions

For the first moment the evolution is the same as fragmentation functions up to all 
orders in perturbation theory. 



↵2
s

<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

Track function at order 
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Preliminary Results Preliminary Results
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<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

Predictions for track EEC at order 
1 �
0

d⌃ dz
<latexit sha1_base64="TwuoUYGZrRB8oEN9rsGWcopyM3I=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVUJQoKxgoWxCHqRmqhyHKe1ajuR7SCVKE/AwquwMIAQKzMbb4PTZoCWX7L06zvn6Pj8QcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuSrqvXsiFY3FnZ4mxOdoJGhEMdIGDe2GF0mEMzfPPEVHHA2dHM5R6N0WIM/Ch3xo152mMxNcNm5p6qBUe2h/eWGMU06ExgwpNXCdRPsZkppiRvKalyqSIDxBIzIwViBOlJ/Nzslhw5AQRrE0T2g4o78nMsSVmvLAdHKkx2qxVsD/aoNURxd+RkWSaiLwfFGUMqhjWGQDQyoJ1mxqDMKSmr9CPEYmDG0SrJkQ3MWTl033tOk6TffmrN66LOOogiNwDE6AC85BC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP7I+fwAhAZzJ</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit>

1 �
0

d⌃ dz
<latexit sha1_base64="TwuoUYGZrRB8oEN9rsGWcopyM3I=">AAACDnicbZC7TsMwFIadcivlFmBksagqMVUJQoKxgoWxCHqRmqhyHKe1ajuR7SCVKE/AwquwMIAQKzMbb4PTZoCWX7L06zvn6Pj8QcKo0o7zbVVWVtfWN6qbta3tnd09e/+gq+JUYtLBMYtlP0CKMCpIR1PNSD+RBPGAkV4wuSrqvXsiFY3FnZ4mxOdoJGhEMdIGDe2GF0mEMzfPPEVHHA2dHM5R6N0WIM/Ch3xo152mMxNcNm5p6qBUe2h/eWGMU06ExgwpNXCdRPsZkppiRvKalyqSIDxBIzIwViBOlJ/Nzslhw5AQRrE0T2g4o78nMsSVmvLAdHKkx2qxVsD/aoNURxd+RkWSaiLwfFGUMqhjWGQDQyoJ1mxqDMKSmr9CPEYmDG0SrJkQ3MWTl033tOk6TffmrN66LOOogiNwDE6AC85BC1yDNugADB7BM3gFb9aT9WK9Wx/z1opVzhyCP7I+fwAhAZzJ</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit><latexit sha1_base64="enEA1nHCao8Nz9fUi0wq/SSzi5g=">AAACM3icjVC7TsMwFHXKq5RXgJHFoqrEVCUICcYKFkYQ9CE1VeQ4TmvVdiLbQSpRvoCvYWDhM9gQC0Ks/ANOmwFaBo5k6eicc3V9T5AwqrTjvFqVpeWV1bXqem1jc2t7x97d66g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjC8Kv3tHpKKxuNWThAw4GgoaUYy0kXy74UUS4czNM0/RIUe+k8OZFHo3hZBn4X3u23Wn6UwBF4lbkjoo8b+4b794YYxTToTGDCnVd51EDzIkNcWM5DUvVSRBeIyGpG+oQJyoQTa9OYcNo4QwiqV5QsOp+nMiQ1ypCQ9MkiM9UvNeIf7l9VMdnQ0yKpJUE4Fni6KUQR3DokAYUkmwZhNDEJbU/BXiETKNaVNzzZzuzh+6SDrHTddputcn9dZ52VkVHIBDcARccApa4BJcgTbA4AE8gmfwbj1Zb9aH9TmLVqxyZh/8gvX1DZ8PpEI=</latexit>

First track-based event shape at NLO
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↵2
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<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

Predictions for track EEC at order 
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The shape of this ratio contains 
information about the track 
functions.

Negative ratio is not a physical 
choice of the track function 
values



Track function in observables
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Very sensitive to the track function (Almost) insensitive to track functions 

Energy fraction w of charged particles Azimuthal angle in V + jet with WTA axis

’21 Chien, Rahn, S2V2, Shao, Waalewijn, Wu’13 Chang, Procura, Thaler, Waalewijn 



Summary                        Outlook

Resummation for track-based 
observables (EEC type) 

Evolution for moments of track 

functions extended to ↵2

s
<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

Track functions can be used to

calculate track-based observables

Higher precision 

Strong check on formalism

Superior angular resolution 

Removes pile-up

Can be used for any subset of final 
state hadrons
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We are able to calculate the jet 
constants at       for track EEC↵2

s
<latexit sha1_base64="waTluVCrHBg2eiBd06wgnLTqM9k=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KkkR9Fj04rGC/YA0lsl20y7dbMLuRCilP8OLB0W8+mu8+W/ctDlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3QzBcCsVbKFDybqo5xKHknXB8m/udJ66NSNQDTlIexDBUIhIM0Ep+D2Q6gr55rJf7lapbc+egq8QrSJUUaPYrX71BwrKYK2QSjPE9N8VgChoFk3xW7mWGp8DGMOS+pQpiboLp/OQZPbfKgEaJtqWQztXfE1OIjZnEoe2MAUdm2cvF/zw/w+g6mAqVZsgVWyyKMkkxofn/dCA0ZygnlgDTwt5K2Qg0MLQp5SF4yy+vkna95rk17/6y2rgp4iiRU3JGLohHrkiD3JEmaRFGEvJMXsmbg86L8+58LFrXnGLmhPyB8/kDe8WQtg==</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit><latexit sha1_base64="3CaUaehE3Yct2gXLp0XjCoCRrvk=">AAACF3icjVDLSgMxFM3UV62vqks3wSK4KjNF0GXRjUsF+4DpWO6kmTY0kwxJRihDP8OFG3/FjYhb3fk3ZtpZaOvCA4HDOedyc0+YcKaN6345pZXVtfWN8mZla3tnd6+6f9DWMlWEtojkUnVD0JQzQVuGGU67iaIQh5x2wvFV7nceqNJMijszSWgQw1CwiBEwVvJ7wJMR9PV9o9Kv1ty6OwNeJl5BaqjA/+L96mdvIEkaU2EIB619z01MkIEyjHA6rfRSTRMgYxhS31IBMdVBNrtrik+sMsCRVPYJg2fqz4kMYq0ncWiTMZiRXvRy8S/PT010EWRMJKmhgswXRSnHRuK8JDxgihLDJ5YAUcz+FZMRKCDGVpk35S0eukzajbrn1r3bs1rzsuisjI7QMTpFHjpHTXSNblALESTRI3pGr86T8+K8Oe/zaMkpZg7RLzgf319xmC8=</latexit>

Thank you!



Backup: T from EEC  
EEC measurement:

Track EEC measurement:

Requiring the poles to cancel fixes 

Illustration at order ↵s
<latexit sha1_base64="wD5RoF0uc64s5tF3VikuxZ1un2M="></latexit><latexit sha1_base64="W+gyOLp5CCJx51A57NobLHJmCJE="></latexit><latexit sha1_base64="W+gyOLp5CCJx51A57NobLHJmCJE="></latexit><latexit sha1_base64="W+gyOLp5CCJx51A57NobLHJmCJE="></latexit>



Backup: Jet Consants EEC  
Extracting jet constants from the factorisation of the EEC measurement  

where



Backup:  Track functions

Expected due to scaleless integrals beyond LO



Backup:  Plot TEEC


