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OUTLINE

• The azimuthal decorrelation

• The WTA axis & radial decorrelation

• Electroweak effects

•       -imbalance<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa



AZIMUTHAL 
DECORRELATION

• V+jet at pp collisions

• Leading partonic: planar

• Soft/Collinear emissions: 

• Large logarithms

‣ Resum using SCET

<latexit sha1_base64="Qo4KCnAEryCjFjuoV9CMDAKulRk=">AAAB/nicdVDLSgNBEJyNrxhfUfGkyGAQPIVNfN+CXjwmYBIhu4TZ2U4yZHZ2nZkNhCXgxQ/x4kERr/kOb36DP+EkUfBZ0FBUddPd5UWcKW3br1Zqanpmdi49n1lYXFpeya6u1VQYSwpVGvJQXnlEAWcCqpppDleRBBJ4HOpe93zk13sgFQvFpe5H4AakLViLUaKN1MxuOD5wTbDTIzLqMOwIuMZ2M5uz8/vFw4NTG/8mhbw9Rq60Nay83W4Py83si+OHNA5AaMqJUo2CHWk3IVIzymGQcWIFEaFd0oaGoYIEoNxkfP4A7xrFx61QmhIaj9WvEwkJlOoHnukMiO6on95I/MtrxLp14iZMRLEGQSeLWjHHOsSjLLDPJFDN+4YQKpm5FdMOkYRqk1jGhPD5Kf6f1Ir5wlG+WDFpnKEJ0mgT7aA9VEDHqIQuUBlVEUUJukMP6NG6se6tJ+t50pqyPmbW0TdYw3eG65js</latexit>

�' 6= 0

<latexit sha1_base64="ORDy8b8reiDzaouER5DHs7Vmops=">AAACCnicdVC7TgJBFJ3FF+ILtbQZISZUZMEH2hFtLDGRR8ICuTsMMGF2djMzS0I21Db+gd9gY6Extja2dkY/xgE08XmSm5ycc2/uvccNOFPatl+s2Mzs3PxCfDGxtLyyupZc36goP5SElonPfVlzQVHOBC1rpjmtBZKC53JadfsnY786oFIxX5zrYUAbHnQF6zAC2kit5LYDPOhBSzUFdrhoRnkxctqUa8DOAGTQY61k2s7u5vf3jmz8m+Sy9gTpYirz9lp4uiq1ks9O2yehR4UmHJSq5+xANyKQmhFORwknVDQA0ocurRsqwKOqEU1eGeEdo7Rxx5emhMYT9etEBJ5SQ881nR7onvrpjcW/vHqoO4eNiIkg1FSQ6aJOyLH28TgX3GaSEs2HhgCRzNyKSQ8kEG3SS5gQPj/F/5NKPps7yObPTBrHaIo42kIplEE5VEBFdIpKqIwIukDX6BbdWZfWjXVvPUxbY9bHzCb6BuvxHfEOntE=</latexit>

↵n
s ln2n �'



AZIMUTHAL DECORRELATION

<latexit sha1_base64="k+yZHUs9OtWzOw2j6tix61NhG5s=">AAACJ3icbZC7SgNBFIZnvcZ4WxVsbAaDYBV2U6iNEmITrBI0F8iGMDuZJENmL8ycFcOSt7Gx8C2sbAQV0UbwTZxcCDHxh4GP/5zDmfO7oeAKLOvLWFhcWl5ZTawl1zc2t7bNnd2yCiJJWYkGIpBVlygmuM9KwEGwaigZ8VzBKm73clCv3DKpeODfQC9kdY+0fd7ilIC2GuaFA+wO4mbfUbztEXyO89gJgHtM4VyDTLE74asJXTfMlJW2hsLzYI8hld0vfvPH3FOhYb46zYBGHvOBCqJUzbZCqMdEAqeC9ZNOpFhIaJe0WU2jT/Saejy8s4+PtNPErUDq5wMeutMTMfGU6nmu7vQIdNRsbWD+V6tF0Dqrx9wPI2A+HS1qRQJDgAeh4SaXjILoaSBUcv1XTDtEEgo62qQOwZ49eR7KmbR9ks4UdRo5NFICHaBDdIxsdIqyKI8KqIQoukfP6A29Gw/Gi/FhfI5aF4zxzB76I+PnF3ihqMA=</latexit>

d� = H ⌦Ba ⌦Bb ⌦ J ⌦ S

<latexit sha1_base64="rYKrRWkQcArrPgmLdNdSezq2rI4=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm1SJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzhzSRv3KNUPApv9ShGL6D9kPc4o9pY1XInl3cKzlRkGdw55K8+7Mv4/cuudHKf7W7EkgBDzQRVquU6sfZSKjVnAsd2O1EYUzakfWwZDGmAykung47JiXG6pBdJ80JNpu7vjpQGSo0C31QGVA/UYjYx/8taie5deCkP40RjyGYf9RJBdEQmW5Mul8i0GBmgTHIzK2EDKinT5ja2OYK7uPIy1IsF96xQrDr50jXMlIUjOIZTcOEcSlCGCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf/0qQEA==</latexit>

H

<latexit sha1_base64="LYxVTyRl4Ce72xdNsyLdoBoO0/w=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm3EKgFzgWQJs5OzyZjZCzOzQgh5AhsLRWz1YextxLdxcik08YeBj/8/hznn+IngSjvOt5VZWl5ZXcuu2xubW9s7ud29mopTybDKYhHLhk8VCh5hVXMtsJFIpKEvsO73r8Z5/R6l4nF0qwcJeiHtRjzgjGpjVW7aubxTcCYii+DOIH/xYZ8n7192uZ37bHViloYYaSaoUk3XSbQ3pFJzJnBkt1KFCWV92sWmwYiGqLzhZNAROTJOhwSxNC/SZOL+7hjSUKlB6JvKkOqems/G5n9ZM9XBmTfkUZJqjNj0oyAVRMdkvDXpcIlMi4EByiQ3sxLWo5IybW5jmyO48ysvQq1YcE8KxYqTL13CVFk4gEM4BhdOoQTXUIYqMEB4gCd4tu6sR+vFep2WZqxZzz78kfX2AwJhkBI=</latexit>

J

<latexit sha1_base64="Xg85rvKWVzyooQRUxfAh7Gv0Wqs=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojhthYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1XInl3cKzlRkGdw55K8+7Mv4/cuudHKf7W7EkgBDzQRVquU6sfZSKjVnAsd2O1EYUzakfWwZDGmAykung47JiXG6pBdJ80JNpu7vjpQGSo0C31QGVA/UYjYx/8taie5deCkP40RjyGYf9RJBdEQmW5Mul8i0GBmgTHIzK2EDKinT5ja2OYK7uPIy1IsF96xQrDr5UhlmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf9jKQCg==</latexit>

B
<latexit sha1_base64="Xg85rvKWVzyooQRUxfAh7Gv0Wqs=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojhthYJmAukCxhdnKSjJm9MDMrhCVPYGOhiK0+jL2N+DZOLoUm/jDw8f/nMOccPxZcacf5tjIrq2vrG9lNe2t7Z3cvt39QV1EiGdZYJCLZ9KlCwUOsaa4FNmOJNPAFNvzh9SRv3KNUPApv9ShGL6D9kPc4o9pY1XInl3cKzlRkGdw55K8+7Mv4/cuudHKf7W7EkgBDzQRVquU6sfZSKjVnAsd2O1EYUzakfWwZDGmAykung47JiXG6pBdJ80JNpu7vjpQGSo0C31QGVA/UYjYx/8taie5deCkP40RjyGYf9RJBdEQmW5Mul8i0GBmgTHIzK2EDKinT5ja2OYK7uPIy1IsF96xQrDr5UhlmysIRHMMpuHAOJbiBCtSAAcIDPMGzdWc9Wi/W66w0Y817DuGPrLcf9jKQCg==</latexit>

B

<latexit sha1_base64="Mf8n9Vw38xclWOkX1vJDlq4zEvk=">AAAB6HicbZC7SgNBFIbPxltcb1FLm8EgWIXdFGojBm0sEzQXSJYwOzmbjJm9MDMrhJAnsLFQxFYfxt5GfBsnl0ITfxj4+P9zmHOOnwiutON8W5ml5ZXVtey6vbG5tb2T292rqTiVDKssFrFs+FSh4BFWNdcCG4lEGvoC637/apzX71EqHke3epCgF9JuxAPOqDZW5aadyzsFZyKyCO4M8hcf9nny/mWX27nPVidmaYiRZoIq1XSdRHtDKjVnAkd2K1WYUNanXWwajGiIyhtOBh2RI+N0SBBL8yJNJu7vjiENlRqEvqkMqe6p+Wxs/pc1Ux2ceUMeJanGiE0/ClJBdEzGW5MOl8i0GBigTHIzK2E9KinT5ja2OYI7v/Ii1IoF96RQrDj50iVMlYUDOIRjcOEUSnANZagCA4QHeIJn6856tF6s12lpxpr17MMfWW8/EAWQGw==</latexit>

S• Expectation:

<latexit sha1_base64="RNwes2I4UiYU41D2HRm0lkYz/I0=">AAAB/nicbVDLSsNAFL3xWesrKq50ESyCq5KIqBuh6MZlBfuAJpSbyaQdOnkwMymUUPBX3LhQxK3f4c6/cZp2oa0HBg7nnMu9c/yUM6ls+9tYWl5ZXVsvbZQ3t7Z3ds29/aZMMkFogyQ8EW0fJeUspg3FFKftVFCMfE5b/uBu4reGVEiWxI9qlFIvwl7MQkZQaalrHrpchwO8cQPKFbpDFGmfdc2KXbULWIvEmZFK7RgK1LvmlxskJItorAhHKTuOnSovR6EY4XRcdjNJUyQD7NGOpjFGVHp5cf7YOtVKYIWJ0C9WVqH+nsgxknIU+ToZoerLeW8i/ud1MhVeezmL00zRmEwXhRm3VGJNurACJihRfKQJEsH0rRbpo0CidGNlXYIz/+VF0jyvOpfViwfdxu20DSjBEZzAGThwBTW4hzo0gEAOz/AKb8aT8WK8Gx/T6JIxmzmAPzA+fwDmnZYk</latexit>

λ = δϕ

• Which jet axis?

• Standard jet axis: 

• Winner-Takes-All Axis:  this talk

[Chen, Qin, Wang, Wei, Zhao, (Zhang)2 ’18]
[Buonocore,Grazzini, Haag, Rottoli ’21]
[Sun, Yan, (Yuan)2 ’18]
[Hatta, Yuan, Xiao, Zhou ’21]
[Chien, Shao, Wu ’19]



STANDARD JET

• Boson recoils against jet 
constituents

               



STANDARD JET

• Boson recoils against jet 
constituents

• Contribution to     requires 
out-of-jet radiation

               Non-global

<latexit sha1_base64="SXn6dXJPldf/80D4JORXrF31E3c=">AAAB9XicdVDJSgNBEK2JW4xb1KMeGoPgaZiJcbsFvXiMYBbIjKGnpydp0rPQ3RMJQ/7DiwdFvPov3vwbOxMF1wcFj/eqqKrnJZxJZVlvRmFufmFxqbhcWlldW98ob261ZJwKQpsk5rHoeFhSziLaVExx2kkExaHHadsbXkz99ogKyeLoWo0T6oa4H7GAEay0dOP4lCuMnBEWyYD1yhXLPKwe1c4s9JvYppWjUt+FHI1e+dXxY5KGNFKEYym7tpUoN8NCMcLppOSkkiaYDHGfdjWNcEilm+VXT9C+VnwUxEJXpFCufp3IcCjlOPR0Z4jVQP70puJfXjdVwambsShJFY3IbFGQcqRiNI0A+UxQovhYE0wE07ciMsACE6WDKukQPj9F/5NW1bSPzdqVTuN8lgYUYQf24ABsOIE6XEIDmkBAwB08wKNxa9wbT8bzrLVgfMxswzcYL+9N1JMY</latexit>

δϕ

• Swiss treatment required [Chien, Shao, Wu, ’19]

[Dasgupta, Salam, ’01]



THE WINNER-TAKES-ALL AXIS

• Clustering step:  emission pair  i,j with        ,        &         ,

<latexit sha1_base64="1YmgIM2gUjAut2aGW+7mZ4d2rg0=">AAAB8HicbVDLSgNBEOz1GeMrKnjxshgET2E3B/UY4sVjAuYhyRJmJ5NkyMzsMtMrhCVf4cWDIl4F/8Iv8ObFb3HyOGhiQUNR1U13VxgLbtDzvpyV1bX1jc3MVnZ7Z3dvP3dwWDdRoimr0UhEuhkSwwRXrIYcBWvGmhEZCtYIh9cTv3HPtOGRusVRzAJJ+or3OCVopbv2gGCqxh3eyeW9gjeFu0z8OcmXjqvf/L38UenkPtvdiCaSKaSCGNPyvRiDlGjkVLBxtp0YFhM6JH3WslQRyUyQTg8eu2dW6bq9SNtS6E7V3xMpkcaMZGg7JcGBWfQm4n9eK8HeVZByFSfIFJ0t6iXCxcidfO92uWYUxcgSQjW3t7p0QDShaDPK2hD8xZeXSb1Y8C8KxapNowwzZOAETuEcfLiEEtxABWpAQcIDPMGzo51H58V5nbWuOPOZI/gD5+0HAXmUPw==</latexit>

n̂i
<latexit sha1_base64="P8CjAW8YlnKVhh1Be1ZmNwkVFSc=">AAAB8HicbVC7TgMxENwLr5DwCFDSWAQkquiOAigjaCiDRB4oOUU+x5eY2L6T7YsUnfIVNBQgRMsH8AP8AR0fAjXOo4CEkVYazexqdyeIOdPGdT+dzNLyyupadj2X39jc2i7s7NZ0lChCqyTikWoEWFPOJK0aZjhtxIpiEXBaD/qXY78+oEqzSN6YYUx9gbuShYxgY6XbVg+bVI7ad+1C0S25E6BF4s1IsXz49fY+yH9X2oWPViciiaDSEI61bnpubPwUK8MIp6NcK9E0xqSPu7RpqcSCaj+dHDxCR1bpoDBStqRBE/X3RIqF1kMR2E6BTU/Pe2PxP6+ZmPDcT5mME0MlmS4KE45MhMbfow5TlBg+tAQTxeytiPSwwsTYjHI2BG/+5UVSOyl5p6WTa5vGBUyRhX04gGPw4AzKcAUVqAIBAffwCE+Och6cZ+dl2ppxZjN78AfO6w/mFpTo</latexit>

n̂j

<latexit sha1_base64="DxcWw+fWxXqhZremRQplfuRwwuk=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJAVVJB2BCFSyMRepLaqPIcZ3W1HEi26lUonwJCwMIsTLwA/wBGx8CM27aAQpHurpH59wrXx8vYlQqy/owckvLK6tr+fVCcWNzq2Ru77RkGAtMmjhkoeh4SBJGOWkqqhjpRIKgwGOk7Y0up357TISkIW+oSUScAA049SlGSkuuWYrcpHFM0/Os36SuWbYqVgb4l9hzUq4dfL6+jYtfddd87/VDHAeEK8yQlF3bipSTIKEoZiQt9GJJIoRHaEC6mnIUEOkk2eEpPNRKH/qh0MUVzNSfGwkKpJwEnp4MkBrKRW8q/ud1Y+WfOQnlUawIx7OH/JhBFcJpCrBPBcGKTTRBWFB9K8RDJBBWOquCDsFe/PJf0qpW7JNK9VqncQFmyIM9sA+OgA1OQQ1cgTpoAgxicAcewKNxa9wbT8bzbDRnzHd2wS8YL98ecpcs</latexit>

pT,i > pT,j

<latexit sha1_base64="qwsN7FJ4/byKl2BwEFegZMNW9cI=">AAAB+HicbVC7TsMwFHXKq7RAA4wsFgWJAVVJB2BgqGBhLFJfUhtFjuu0po4T2U6lEuVLWBhAiJWBH+AP2PgQmHHTDlA40tU9Oude+fp4EaNSWdaHkVtaXlldy68XihubWyVze6clw1hg0sQhC0XHQ5IwyklTUcVIJxIEBR4jbW90OfXbYyIkDXlDTSLiBGjAqU8xUlpyzVLkJo1jmp5n/SZ1zbJVsTLAv8Sek3Lt4PP1bVz8qrvme68f4jggXGGGpOzaVqScBAlFMSNpoRdLEiE8QgPS1ZSjgEgnyQ5P4aFW+tAPhS6uYKb+3EhQIOUk8PRkgNRQLnpT8T+vGyv/zEkoj2JFOJ495McMqhBOU4B9KghWbKIJwoLqWyEeIoGw0lkVdAj24pf/kla1Yp9Uqtc6jQswQx7sgX1wBGxwCmrgCtRBE2AQgzvwAB6NW+PeeDKeZ6M5Y76zC37BePkGG1yXKg==</latexit>

pT,i < pT,j
{ if

if

<latexit sha1_base64="iApVHOrrvFvYCKLJnVTg4nvCKG8=">AAAB8HicdVDJSgNBEK2JW0xcoh69NEbB0zCJ+y3oxWMEs0gyhJ5OT9Kmp2fo7gmEIV/hxYMiXv0Af8A/8OaH6NlOouD6oODxXhVV9byIM6Ud58VKTU3PzM6l5zPZhcWl5dzKalWFsSS0QkIeyrqHFeVM0IpmmtN6JCkOPE5rXu9k5Nf6VCoWinM9iKgb4I5gPiNYG+mi2cU6EcPWZSuXd+yd4t7ukYN+k4LtjJEvbb4+PvWzb+VW7rnZDkkcUKEJx0o1Ck6k3QRLzQinw0wzVjTCpIc7tGGowAFVbjI+eIi2jNJGfihNCY3G6teJBAdKDQLPdAZYd9VPbyT+5TVi7R+6CRNRrKkgk0V+zJEO0eh71GaSEs0HhmAimbkVkS6WmGiTUcaE8Pkp+p9Ui3Zh3y6emTSOYYI0rMMGbEMBDqAEp1CGChAI4Apu4NaS1rV1Z91PWlPWx8wafIP18A5J+pUt</latexit>

n̂j
<latexit sha1_base64="EZQLh0P4NTCLbmzrD/PBReeaPQU=">AAAB8HicdVDJSgNBEK2JW4xbVPDipTEInoaZuN9CvHhMwCySDKGn05M06ekZunuEMOQrvHhQxKvgX/gF3rz4LXYSBdcHBY/3qqiq58ecKe04r1ZmZnZufiG7mFtaXlldy69v1FWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThD87GfuOKSsUicaGHMfVC3BMsYARrI122+1inYtRhnXzBsfeLhwenDvpNXNuZoFDaqr6xp/JzpZN/aXcjkoRUaMKxUi3XibWXYqkZ4XSUayeKxpgMcI+2DBU4pMpLJweP0K5RuiiIpCmh0UT9OpHiUKlh6JvOEOu++umNxb+8VqKDEy9lIk40FWS6KEg40hEaf4+6TFKi+dAQTCQztyLSxxITbTLKmRA+P0X/k3rRdo/sYtWkUYYpsrANO7AHLhxDCc6hAjUgEMI13MKdJa0b6956mLZmrI+ZTfgG6/EdZU6UhA==</latexit>

n̂i
<latexit sha1_base64="CkOsEZ7o/1+5cA1fbEtjJfBixxo=">AAAB7nicdVDJSgNBEK2JW0xcoh69NEbBgwyTuN+CXjxGyAbJEHo6PUmTnpmmuycQhnyEFw+KePUL/AH/wJsfomc7iYLrg4LHe1VU1fMEZ0o7zouVmpmdm19IL2ayS8srq7m19ZqKYklolUQ8kg0PK8pZSKuaaU4bQlIceJzWvf752K8PqFQsCit6KKgb4G7IfEawNlJdtJPKHhu1c3nH3i8eHpw66Dcp2M4E+dL26+PTIPtWbueeW52IxAENNeFYqWbBEdpNsNSMcDrKtGJFBSZ93KVNQ0McUOUmk3NHaMcoHeRH0lSo0UT9OpHgQKlh4JnOAOue+umNxb+8Zqz9EzdhoYg1Dcl0kR9zpCM0/h11mKRE86EhmEhmbkWkhyUm2iSUMSF8for+J7WiXTiyi5cmjTOYIg2bsAW7UIBjKMEFlKEKBPpwBTdwawnr2rqz7qetKetjZgO+wXp4B1DtlAE=</latexit>pT,i

<latexit sha1_base64="1l0qpsTaZwNOZIy+PJ662iDzxz8=">AAAB7nicdVDJSgNBEK1xjYlL1KOXxih4kGES91vQi8cI2SAZQk+nJ2nT0zN09wTCkI/w4kERr36BP+AfePND9GwnUXB9UPB4r4qqel7EmdKO82JNTc/Mzs2nFtKZxaXllezqWlWFsSS0QkIeyrqHFeVM0IpmmtN6JCkOPE5rXu9s5Nf6VCoWirIeRNQNcEcwnxGsjVSLWkl593LYyuYce69wsH/ioN8kbztj5Ipbr49P/cxbqZV9brZDEgdUaMKxUo28E2k3wVIzwukw3YwVjTDp4Q5tGCpwQJWbjM8dom2jtJEfSlNCo7H6dSLBgVKDwDOdAdZd9dMbiX95jVj7x27CRBRrKshkkR9zpEM0+h21maRE84EhmEhmbkWkiyUm2iSUNiF8for+J9WCnT+0CxcmjVOYIAUbsAk7kIcjKMI5lKACBHpwBTdwa0XWtXVn3U9ap6yPmXX4BuvhHVJylAI=</latexit>pT,j

<latexit sha1_base64="5tgajgt3MAEHw+yImIjiNRXXHbA=">AAACBHicbZC7TsMwFIadcistlwBjF4uChFRUJR2ABamChbFIvUltFDmu07p1LrKdSlWUgYVXYWEAIRhZeAM2HgRm3IYBWo5k+dP/nyP7/E7IqJCG8aFllpZXVtey67n8xubWtr6z2xRBxDFp4IAFvO0gQRj1SUNSyUg75AR5DiMtZ3Q59VtjwgUN/LqchMTyUN+nLsVIKsnWC6Ed149paZjAc5hyUprdw8TWi0bZmBVcBPMHitWDz5e3cf6rZuvv3V6AI4/4EjMkRMc0QmnFiEuKGUly3UiQEOER6pOOQh95RFjxbIkEHiqlB92Aq+NLOFN/T8TIE2LiOarTQ3Ig5r2p+J/XiaR7ZsXUDyNJfJw+5EYMygBOE4E9ygmWbKIAYU7VXyEeII6wVLnlVAjm/MqL0KyUzZNy5VqlcQHSyoIC2AdHwASnoAquQA00AAY34A48gEftVrvXnrTntDWj/czsgT+lvX4DwX6bUw==</latexit>

pT,i+j = pT,i + pT,j
<latexit sha1_base64="TC15F4bTcptuLdFLM9KRgBcBOLU=">AAAB+HicbVC7SgNBFL0bXzFRs2ppMxgFQQi7KdRGCNpYRjAPSEKYnUySMbOzy8xsIC77JTYWitha+AP+gZ0forWTR6GJBy4czrmXe+/xQs6UdpxPK7W0vLK6ll7PZDc2t3L29k5VBZEktEICHsi6hxXlTNCKZprTeigp9j1Oa97gcuzXhlQqFogbPQppy8c9wbqMYG2ktp1r9rGORdKO2fFtco7adt4pOBOgReLOSL508PX2Psx+l9v2R7MTkMinQhOOlWq4TqhbMZaaEU6TTDNSNMRkgHu0YajAPlWteHJ4gg6N0kHdQJoSGk3U3xMx9pUa+Z7p9LHuq3lvLP7nNSLdPWvFTISRpoJMF3UjjnSAximgDpOUaD4yBBPJzK2I9LHERJusMiYEd/7lRVItFtyTQvHapHEBU6RhD/bhCFw4hRJcQRkqQCCCe3iEJ+vOerCerZdpa8qazezCH1ivPz1Ulz4=</latexit>

n̂i+j =

[Salam, unpublished]
[Bertolini, Chan, Thaler, ’14]

• Endpoint of a reclustering sequence



THE WINNER-TAKES-ALL AXIS

• Powerful when combined with SCET:

• Direction purely a collinear affair :

• Soft subleading in magnitude: 

No non-global logarithms*

<latexit sha1_base64="GInY46tukjTTYWqmyVLcwnyqlhw=">AAACFnicbZC7SgNBFIZn4y0mXlYtbQajYBHDbgoVbII2lgnmBtllmZ2dJENmL8zMBsKSp7DxSQQbC4PYip0PorWTTQpN/GHg5zvncOb8bsSokIbxqWVWVtfWN7KbufzW9s6uvrffFGHMMWngkIW87SJBGA1IQ1LJSDviBPkuIy13cDOtt4aECxoGdTmKiO2jXkC7FCOpkKOfRU5SL+KxJagPa0VoXcGU3M2J5REmEbSGiEd96ugFo2SkgsvGnJtC5fjrcTLMf1cd/cPyQhz7JJCYISE6phFJO0FcUszIOGfFgkQID1CPdJQNkE+EnaRnjeGJIh7shly9QMKU/p5IkC/EyHdVp49kXyzWpvC/WieW3Us7oUEUSxLg2aJuzKAM4TQj6FFOsGQjZRDmVP0V4j7iCEuVZE6FYC6evGya5ZJ5XirXVBrXYKYsOARH4BSY4AJUwC2oggbA4B48gRcw0R60Z+1Ve5u1ZrT5zAH4I+39BzMLopg=</latexit>

pT,c ⇠ Q, pT,S ⇠ Q�'

<latexit sha1_base64="RUwf6jcnlpfWz1Qv0G92wr8B67c=">AAACBnicbVDLSsNAFJ3UV219RF2KEKxChVKSLtSNUHTjsmJf0IYwmU7boTNJmJkUS8jKjb/ixoWibgX/wJ0fomunaRfaeuByD+fcy8w9bkCJkKb5qaUWFpeWV9Krmeza+samvrVdF37IEa4hn/q86UKBKfFwTRJJcTPgGDKX4oY7uBj7jSHmgvheVY4CbDPY80iXICiV5Oh7bQZv8oETVQsoLiT9Oj46mwqOnjOLZgJjnlhTkisffL28D7PfFUf/aHd8FDLsSUShEC3LDKQdQS4JojjOtEOBA4gGsIdbinqQYWFHyRmxcaiUjtH1uSpPGon6eyOCTIgRc9Ukg7IvZr2x+J/XCmX31I6IF4QSe2jyUDekhvSNcSZGh3CMJB0pAhEn6q8G6kMOkVTJZVQI1uzJ86ReKlrHxdKVSuMcTJAGu2Af5IEFTkAZXIIKqAEEbsE9eARP2p32oD1rr5PRlDbd2QF/oL39AKSknGM=</latexit>

max(pT,c, pT,S) = pT,c

<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

[Salam, unpublished]
[Bertolini, Chan, Thaler, ’14]

[Larkoski, Neill, Thaler, ’14]

<latexit sha1_base64="p+aePQMiqhl/egQ7LWOW63K3ECs=">AAACFXicbVDLSgMxFM34rPVVdekm+ADBWmZE1KXoxmVFq0JbSia91djMTEjuiGWcT3DjRvQ33LhxoYg7Edz5N6aPha8LIYdzziU5x1dSGHTdT6evf2BwaDgzkh0dG5+YzE1NH5oo1hxKPJKRPvaZASlCKKFACcdKAwt8CUd+c6etH52DNiIKD7CloBqwk1A0BGdoqVour2rJQZ6ny517P19BuMBEhCtngGlaYUrp6IL2TLXcvFtwO0P/Aq8H5rcWbq/e7i/virXcR6Ue8TiAELlkxpQ9V2E1YRoFl5BmK7EBxXiTnUDZwpAFYKpJJ1VKFy1Tp41I2xMi7bDfNxIWGNMKfOsMGJ6a31qb/E8rx9jYrNqMKkYIefehRiwpRrRdEa0LDRxlywLGtbB/pfyUacbRFpm1JXi/I/8Fh6sFb72wtmfb2CbdyZBZMkeWiEc2yBbZJUVSIpxckwfyRJ6dG+fReXFeu9Y+p7czQ36M8/4FML+jQw==</latexit>

pT,c + pT,S,in-jet ≈ pT,c



AZIMUTHAL 
DECORRELATION II

• Dimensionful variant: 

<latexit sha1_base64="JDpoGc5bGzTatzISUxiS7ao9LR0=">AAACBXicdVC7SgNBFJ2Nr5j4WLXUYjAKFhJ247sQgjaWEfKCbAizk0kyZHZ2mJkNhCWNjb9iY6FIWgv/wM4P0dpJouDzwIXDOfdy7z2+YFRpx3mxElPTM7NzyflUemFxadleWS2rMJKYlHDIQln1kSKMclLSVDNSFZKgwGek4nfPR36lR6SiIS/qviD1ALU5bVGMtJEa9sapaMTF3fIAeopy6DUJ0wh6PSRFhzbsjJPdyx3snzjwN3GzzhiZ/Nbr8KmXfis07GevGeIoIFxjhpSquY7Q9RhJTTEjg5QXKSIQ7qI2qRnKUUBUPR5/MYDbRmnCVihNcQ3H6teJGAVK9QPfdAZId9RPbyT+5dUi3Tqux5SLSBOOJ4taEYM6hKNIYJNKgjXrG4KwpOZWiDtIIqxNcCkTwuen8H9SzmXdw2zu0qRxBiZIgnWwCXaAC45AHlyAAigBDK7ADbgD99a1dWs9WMNJa8L6mFkD32A9vgOotpyA</latexit>

= pT,V sin �'

<latexit sha1_base64="KEovLirWs5H2o8j1sy6F2Sif6zM=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSq4qCURUTeFohuXFe0D2hAm02k7dPJwZiItMZ/gxo3ob7hx40IRdyK482+cJllo64XhHM65lzv32D4lXOj6t5KZmp6ZncvO5xYWl5ZX1NW1GvcChnAVedRjDRtyTImLq4IIihs+w9CxKa7b/ZORX7/CjBPPvRBDH5sO7LqkQxAUUrLUwqU1KPlWOCjUotJuTFCUIEzRTvE8stS8XtTj0iaJkZJ8eev+5uPx+qFiqV+ttocCB7sCUch509B9YYaQCYIojnKtgGMfoj7s4qakLnQwN8P4qkjblkpb63hMPldosfp7IoQO50PHlp0OFD0+7o3E/7xmIDpHZkhcPxDYRcmiTkA14WmjiLQ2YRgJOpQEIkbkXzXUgwwiIYPMyRCM8ZMnSW2vaBwU989kGscgqSzYAJtgBxjgEJTBKaiAKkDgFjyBF/Cq3CnPypvynrRmlHRmHfwp5fMHny2i5A==</latexit>qx = px,V = −px,c − px,a − px,b − px,S



WHY SO SIMPLE?
• Compare: radial decorrelation

<latexit sha1_base64="sVrDd+PD8dwzITKjc8D5DXCQN88="></latexit>

qy = pT,J � pT,V cos �'

⇠ (�')2

<latexit sha1_base64="RKwTjnJu4bO8FeQBYSwDyh861ms=">AAACIXicbZDLSsNAFIYn9VbrLerSzWCxuJCSFNFuhKIblxV6gyaEyXTaDp1M4sykWEJfxY2v4saFIt2JL+OkzUJbfxj4+c45nDm/HzEqlWV9Gbm19Y3Nrfx2YWd3b//APDxqyTAWmDRxyELR8ZEkjHLSVFQx0okEQYHPSNsf3aX19pgISUPeUJOIuAEacNqnGCmNPLP66D2VbiIvaVy0ptCRlEOnR5hC0BkjEQ0pdJxSyoMl7plFq2zNBVeNnZkiyFT3zJnTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrLUUCkm8wvnMIzTXqwHwr9uIJz+nsiQYGUk8DXnQFSQ7lcS+F/tW6s+lU3oTyKFeF4sagfM6hCmMYFe1QQrNhEG4QF1X+FeIgEwkqHWtAh2Msnr5pWpWxflSsPl8XabRZHHpyAU3AObHANauAe1EETYPAMXsE7+DBejDfj05gtWnNGNnMM/sj4/gHz26LL</latexit>

qx = pT,V sin �'

⇠ �'

(Azimuthal)

(Radial)

y

xz

qx

~pT,J

~pT,V

����

qy



WHY SO SIMPLE?
• Compare: radial decorrelation

<latexit sha1_base64="sVrDd+PD8dwzITKjc8D5DXCQN88="></latexit>

qy = pT,J � pT,V cos �'

⇠ (�')2

<latexit sha1_base64="RKwTjnJu4bO8FeQBYSwDyh861ms=">AAACIXicbZDLSsNAFIYn9VbrLerSzWCxuJCSFNFuhKIblxV6gyaEyXTaDp1M4sykWEJfxY2v4saFIt2JL+OkzUJbfxj4+c45nDm/HzEqlWV9Gbm19Y3Nrfx2YWd3b//APDxqyTAWmDRxyELR8ZEkjHLSVFQx0okEQYHPSNsf3aX19pgISUPeUJOIuAEacNqnGCmNPLP66D2VbiIvaVy0ptCRlEOnR5hC0BkjEQ0pdJxSyoMl7plFq2zNBVeNnZkiyFT3zJnTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrLUUCkm8wvnMIzTXqwHwr9uIJz+nsiQYGUk8DXnQFSQ7lcS+F/tW6s+lU3oTyKFeF4sagfM6hCmMYFe1QQrNhEG4QF1X+FeIgEwkqHWtAh2Msnr5pWpWxflSsPl8XabRZHHpyAU3AObHANauAe1EETYPAMXsE7+DBejDfj05gtWnNGNnMM/sj4/gHz26LL</latexit>

qx = pT,V sin �'

⇠ �'

(Azimuthal)

(Radial)

Are these the same?

y

xz

qx

~pT,J

~pT,V

����

qy



WHY SO SIMPLE?
• Compare: radial decorrelation

• Scalar vs. vector sum:

<latexit sha1_base64="sVrDd+PD8dwzITKjc8D5DXCQN88="></latexit>

qy = pT,J � pT,V cos �'

⇠ (�')2

<latexit sha1_base64="RKwTjnJu4bO8FeQBYSwDyh861ms=">AAACIXicbZDLSsNAFIYn9VbrLerSzWCxuJCSFNFuhKIblxV6gyaEyXTaDp1M4sykWEJfxY2v4saFIt2JL+OkzUJbfxj4+c45nDm/HzEqlWV9Gbm19Y3Nrfx2YWd3b//APDxqyTAWmDRxyELR8ZEkjHLSVFQx0okEQYHPSNsf3aX19pgISUPeUJOIuAEacNqnGCmNPLP66D2VbiIvaVy0ptCRlEOnR5hC0BkjEQ0pdJxSyoMl7plFq2zNBVeNnZkiyFT3zJnTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrLUUCkm8wvnMIzTXqwHwr9uIJz+nsiQYGUk8DXnQFSQ7lcS+F/tW6s+lU3oTyKFeF4sagfM6hCmMYFe1QQrNhEG4QF1X+FeIgEwkqHWtAh2Msnr5pWpWxflSsPl8XabRZHHpyAU3AObHANauAe1EETYPAMXsE7+DBejDfj05gtWnNGNnMM/sj4/gHz26LL</latexit>

qx = pT,V sin �'

⇠ �'

<latexit sha1_base64="LvGrdQd2CoUEJ6gJpjpjEE40xY0="></latexit>

(|~a|+ |~b|)� |(~a+~b)| ⇠ �'2
~a

~b

⇠ �'
<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

(Azimuthal)

(Radial)

y

xz

qx

~pT,J

~pT,V

����

qy



WHY SO SIMPLE?
• Compare: radial decorrelation

• WTA definition + soft in-jet radiation:

‣ Large cancellation:

<latexit sha1_base64="sVrDd+PD8dwzITKjc8D5DXCQN88="></latexit>

qy = pT,J � pT,V cos �'

⇠ (�')2

<latexit sha1_base64="RKwTjnJu4bO8FeQBYSwDyh861ms=">AAACIXicbZDLSsNAFIYn9VbrLerSzWCxuJCSFNFuhKIblxV6gyaEyXTaDp1M4sykWEJfxY2v4saFIt2JL+OkzUJbfxj4+c45nDm/HzEqlWV9Gbm19Y3Nrfx2YWd3b//APDxqyTAWmDRxyELR8ZEkjHLSVFQx0okEQYHPSNsf3aX19pgISUPeUJOIuAEacNqnGCmNPLP66D2VbiIvaVy0ptCRlEOnR5hC0BkjEQ0pdJxSyoMl7plFq2zNBVeNnZkiyFT3zJnTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrLUUCkm8wvnMIzTXqwHwr9uIJz+nsiQYGUk8DXnQFSQ7lcS+F/tW6s+lU3oTyKFeF4sagfM6hCmMYFe1QQrNhEG4QF1X+FeIgEwkqHWtAh2Msnr5pWpWxflSsPl8XabRZHHpyAU3AObHANauAe1EETYPAMXsE7+DBejDfj05gtWnNGNnMM/sj4/gHz26LL</latexit>

qx = pT,V sin �'

⇠ �'

(Azimuthal)

(Radial)

y

xz

qx

~pT,J

~pT,V

����

qy

<latexit sha1_base64="p+aePQMiqhl/egQ7LWOW63K3ECs=">AAACFXicbVDLSgMxFM34rPVVdekm+ADBWmZE1KXoxmVFq0JbSia91djMTEjuiGWcT3DjRvQ33LhxoYg7Edz5N6aPha8LIYdzziU5x1dSGHTdT6evf2BwaDgzkh0dG5+YzE1NH5oo1hxKPJKRPvaZASlCKKFACcdKAwt8CUd+c6etH52DNiIKD7CloBqwk1A0BGdoqVour2rJQZ6ny517P19BuMBEhCtngGlaYUrp6IL2TLXcvFtwO0P/Aq8H5rcWbq/e7i/virXcR6Ue8TiAELlkxpQ9V2E1YRoFl5BmK7EBxXiTnUDZwpAFYKpJJ1VKFy1Tp41I2xMi7bDfNxIWGNMKfOsMGJ6a31qb/E8rx9jYrNqMKkYIefehRiwpRrRdEa0LDRxlywLGtbB/pfyUacbRFpm1JXi/I/8Fh6sFb72wtmfb2CbdyZBZMkeWiEc2yBbZJUVSIpxckwfyRJ6dG+fReXFeu9Y+p7czQ36M8/4FML+jQw==</latexit>

pT,c + pT,S,in-jet ≈ pT,c



WHY SO SIMPLE?
• Compare: radial decorrelation

• WTA definition + soft in-jet radiation:

‣ Large cancellation:

<latexit sha1_base64="sVrDd+PD8dwzITKjc8D5DXCQN88="></latexit>

qy = pT,J � pT,V cos �'

⇠ (�')2

<latexit sha1_base64="RKwTjnJu4bO8FeQBYSwDyh861ms=">AAACIXicbZDLSsNAFIYn9VbrLerSzWCxuJCSFNFuhKIblxV6gyaEyXTaDp1M4sykWEJfxY2v4saFIt2JL+OkzUJbfxj4+c45nDm/HzEqlWV9Gbm19Y3Nrfx2YWd3b//APDxqyTAWmDRxyELR8ZEkjHLSVFQx0okEQYHPSNsf3aX19pgISUPeUJOIuAEacNqnGCmNPLP66D2VbiIvaVy0ptCRlEOnR5hC0BkjEQ0pdJxSyoMl7plFq2zNBVeNnZkiyFT3zJnTC3EcEK4wQ1J2bStSboKEopiRacGJJYkQHqEB6WrLUUCkm8wvnMIzTXqwHwr9uIJz+nsiQYGUk8DXnQFSQ7lcS+F/tW6s+lU3oTyKFeF4sagfM6hCmMYFe1QQrNhEG4QF1X+FeIgEwkqHWtAh2Msnr5pWpWxflSsPl8XabRZHHpyAU3AObHANauAe1EETYPAMXsE7+DBejDfj05gtWnNGNnMM/sj4/gHz26LL</latexit>

qx = pT,V sin �'

⇠ �'

Sensitive to in-jet soft<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>) <latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

(Azimuthal)

(Radial)

Non-global

y

xz

qx

~pT,J

~pT,V

����

qy

<latexit sha1_base64="RB9+ouq9XixaWqQU956ZBm2eF+I=">AAACI3icbVDLSgMxFM34rPVVdekmWAVBLTMiKq5ENy4VbRXaUjLprcZmZkJyR1rG+QQ/QFdu/AL/wY2IIm5c+C+mrQtfB0IO59xLco6vpDDouu9OX//A4NBwZiQ7OjY+MZmbmi6ZKNYcijySkT7xmQEpQiiiQAknSgMLfAnHfnO34x9fgDYiCo+wraAasNNQNARnaKVabkvVkqNlni5178PlCkILExGunAOmaYUppaMW/des5fJuwe2C/iXeF8lvz19fPd1f3uzXcq+VesTjAELkkhlT9lyF1YRpFFxCmq3EBhTjTXYKZUtDFoCpJt2MKV2wSp02Im1PiLSrft9IWGBMO/DtZMDwzPz2OuJ/XjnGxmbVhlIxQsh7DzViSTGincJoXWjgKNuWMK6F/SvlZ0wzjrbWrC3B+x35LymtFrz1wtqBbWOH9JAhs2SOLBKPbJBtskf2SZFwckseyDN5ce6cR+fVeeuN9jlfOzPkB5yPT5djqUs=</latexit>

pT,c + pT,S,in-jet ≈ pT,S,in-jet



CALCULATION

• NNLL resummation

• 3-loop         , 2-loop    , 1-loop finite H,J,S,B

• Most known, only minor recalculations:

• S at NLO via boost (non-)invariance:

• TMD jet function with   -regulator and large jet radius

<latexit sha1_base64="WzuwZdqhv8WtBmSuXwHHFgUHauE=">AAACGnicdVDLSsNAFJ3UV62vqks3Q4sgKCWp713RjcsK9gFNCJPpJB06k4SZiVBC/kJw46+4caGIO3HTv3HaWlCrBy4czrl35t7jxYxKZZpDIzc3v7C4lF8urKyurW8UN7eaMkoEJg0csUi0PSQJoyFpKKoYaceCIO4x0vL6lyO/dUuEpFF4owYxcTgKQupTjJSW3KKV2uNHOiLwnNSsHFaPj87NgxmS2QHiHLk0c4vlqQhniVUxxyjXSvb+3bA2qLvFd7sb4YSTUGGGpOxYZqycFAlFMSNZwU4kiRHuo4B0NA0RJ9JJx1tlcFcrXehHQleo4Fj9PpEiLuWAe7qTI9WTv72R+JfXSZR/5qQ0jBNFQjz5yE8YVBEc5QS7VBCs2EAThAXVu0LcQwJhpdMs6BCml8L/SbNasU4q1WudxgWYIA92QAnsAQucghq4AnXQABjcg0fwDF6MB+PJeDXeJq0542tmG/yA8fEJrfGgiA==</latexit>�i
<latexit sha1_base64="FX7IRrir2LWGCW5Rt0pzz5YwKc8="></latexit>

�cusp

<latexit sha1_base64="dN9pYsd95DC45UnFPXnsMAVCAhI=">AAAB63icdVDJSgNBEK2JW4xb1KMijUHwNEzifgt68ZiAWSAZQk+nJ2nSPTN09whhyNGrFw+KePUf8h3e/AZ/wp5EwfVBweO9KqrqeRFnSjvOq5WZmZ2bX8gu5paWV1bX8usbdRXGktAaCXkomx5WlLOA1jTTnDYjSbHwOG14g4vUb1xTqVgYXOlhRF2BewHzGcE6ldpU406+4NgHpaPDMwf9JkXbmaBQ3h5X3252xpVO/qXdDUksaKAJx0q1ik6k3QRLzQino1w7VjTCZIB7tGVogAVVbjK5dYT2jNJFfihNBRpN1K8TCRZKDYVnOgXWffXTS8W/vFas/VM3YUEUaxqQ6SI/5kiHKH0cdZmkRPOhIZhIZm5FpI8lJtrEkzMhfH6K/if1kl08tktVk8Y5TJGFLdiFfSjCCZThEipQAwJ9uIV7eLCEdWc9Wk/T1oz1MbMJ32A9vwNcAJIr</latexit>⌘

<latexit sha1_base64="WpNR5mIdD161fCbUrGnehCcYtx4="></latexit>
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<latexit sha1_base64="2CkjskyWtd9XTT3/UOhiwPrwQEk="></latexit>

S(1)
ij (bx, ⌘J , µ, ⌫) =

[Chiu, Jain, Neill, Rothstein, ’12]

[Arnold, Reno, ’89]
[Becher, Lorentzen, Schwartz, ’12]
[Moch, Vermaseren, Vogt, ’04/’05]

[Becher, Neubert, ’09]
[Gehrmann, Luebbert, Yang, ’14]

[Echevarria, Scimemi, Vladimirov, ’16]
[Luebbert, Oredsson, Stahlhofen, ’16]

[Gutierrez-Reyes, Scimemi,  
Waalewijn, Zoppi, ’18/’19]

<latexit sha1_base64="UF3ucj9U68mAgkE00hKAgiGD9OY="></latexit>

d�

dpx,V dpT,V dyV d⌘J
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Z
dbx
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eipx,V bx
X

i,j,k

Bi(xa, bx)Bj(xb, bx)Sijk(bx, ⌘J)

⇥Hij!V k(pT,V , yV � ⌘J)Jk(bx)
h
1 +O

⇣ p2x,V
p2T,V

⌘i

See also [Gao, Li, Moult, Zhu, ’19]



TRIVIA

• Higher order

• Linearly polarised beam and jet functions

• Active-spectator? 

• Factorisation breaking effects?

[Catani, Grazzini, ‘11]

<latexit sha1_base64="n5GrCHte7eY4BgVXAL333+HasJ8="></latexit>

Bµ⌫
g (~b?, µ, ⌫) =
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✓
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+
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⌫
?

b2T

◆
B(2)

g (~b?, µ, ⌫)

[Rogers, Mulders ‘10]



PLOTS I
• Using CT14nlo

• NLO from MCFM

• No difference Pythia 
hadron/parton

• Large matching for high 
jet pT

��� ��� ��� ��� ��� ���

��

���

���

���

Use b* prescription [Collins, Soper, Sterman, ’85]

<latexit sha1_base64="MqVyNSSE+qHplYZ9DupDGcFmqZA="></latexit>

µH =
q

p2
T,V

+m2
V
, ⌫S = µB = 2e��e/|bx|, ⌫Ba,b = xa,b

p
s, ⌫J = 2pT,J cosh ⌘J



 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets
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 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Additive or multiplicative matching?

<latexit sha1_base64="2aVhmTrrtbhZJlQ9Jq+gmWFpQOs="></latexit>

�add = �res � �exp + �sing + �non-sing

<latexit sha1_base64="1Hk7U0o5BV4XA4lqSsB41av8RO0="></latexit>

�mult =
�res

�exp
�
�sing + �non-sing�



 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Matching in the resummation region:

<latexit sha1_base64="2aVhmTrrtbhZJlQ9Jq+gmWFpQOs="></latexit>

�add = �res � �exp + �sing + �non-sing

<latexit sha1_base64="1Hk7U0o5BV4XA4lqSsB41av8RO0="></latexit>

�mult =
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�exp
�
�sing + �non-sing�



 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Matching in the resummation region:

<latexit sha1_base64="2aVhmTrrtbhZJlQ9Jq+gmWFpQOs="></latexit>

�add = �res � �exp + �sing + �non-sing

<latexit sha1_base64="QVSrYfCcR6FR5Ybr1p0/GRYKteA="></latexit>

�mult ⇡ �res +
�res

�exp�
non-sing



 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation
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 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation
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 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation
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 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation

(a) (b) (c)

QCD &  
EW enhanced QCD enhanced EW enhanced



 MATCHING CORRECTIONS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation
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 MATCHING CORRECTIONS

‣ Emission amplitude cut off:
<latexit sha1_base64="GN35C5zvjqfHEQn9w8FQX+pUjUQ=">AAACE3icbZC7TsMwFIadcivlFi4bi0WFxFQlqALGChbGItGLaELkuE5r1XYi20EqUR6DnRVegQ2x8gC8AY+B22aAll+y9Os/5+gcf2HCqNKO82WVlpZXVtfK65WNza3tHXt3r63iVGLSwjGLZTdEijAqSEtTzUg3kQTxkJFOOLqa1DsPRCoai1s9TojP0UDQiGKkTRTYB56iHHqRRDhz84wHd/f1PLCrTs2ZCi4atzBVUKgZ2N9eP8YpJ0JjhpTquU6i/QxJTTEjecVLFUkQHqEB6RkrECfKz6bX5/DYJH0YxdI8oeE0/T2RIa7UmIemkyM9VPO1SfhvbZJIFam5/Tq68DMqklQTgWfro5RBHcMJINinkmDNxsYgLKn5AcRDZPhog7Fi0LjzIBZN+7TmntXqN/Vq47KAVAaH4AicABecgwa4Bk3QAhg8gmfwAl6tJ+vNerc+Zq0lq5jZB39kff4AjayedQ==</latexit>

⇠ 1

m4
Z

‣ Non-singular angle-independent      additive<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

‣ Resum, or remove with Z isolation cone

• Small pT:

• Large pT:



•    -slicing vs. Jets: SJA blind to in-jet dynamics<latexit sha1_base64="xF1MgeItY026cX/aufQZsZVp8oY=">AAACAHicdVDLSgNBEOyNrxhfUY9eBoPgadmN8XULevEYMS9IljA7mU2GzM6uM7NCCLl496q/4E28+if+gZ/hbBJBoxY0FFXddHf5MWdKO867lVlYXFpeya7m1tY3Nrfy2zt1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiDy9Rv3FGpWCSqehhTL8Q9wQJGsDbSzW2n2skXHPuoeFw6d9Bv4trOBAWYodLJf7S7EUlCKjThWKmW68TaG2GpGeF0nGsnisaYDHCPtgwVOKTKG01OHaMDo3RREElTQqOJ+n1ihEOlhqFvOkOs+2reS8U/vVSRKlBz+3Vw5o2YiBNNBZmuDxKOdITSNFCXSUo0HxqCiWTmA0T6WGKiTWY5E83X/+h/Ui/a7oldui4VyhezkLKwB/twCC6cQhmuoAI1INCDB3iEJ+veerZerNdpa8aazezCD1hvn2yEl20=</latexit>qT
<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

<latexit sha1_base64="Hadjv8B1Z+A6ocwtwCfM1EKHPpo=">AAACDnicdVDJSgNBEO1xN26jHr00BsGLYaJxuwW9eIyQDcwQejo12qSnZ+iuEcOQf/DuVX/Bm3j1F/wDP8POImjUBwWP96qoqhckUhj0vHdnanpmdm5+YTG3tLyyuuaub9RNnGoONR7LWDcDZkAKBTUUKKGZaGBRIKERdM8HfuMWtBGxqmIvAT9i10qEgjO0Uttd67arLYQ7zPYUGNNvu3mvcLB/WDr16G9SLHhD5MkYlbb70erEPI1AIZfMmKuil6CfMY2CS+jnWqmBhPEuu4YrSxWLwPjZ8PA+3bFKh4axtqWQDtXvExmLjOlFge2MGN6YSW8g/ukNFG1CM7EfwxM/EypJERQfrQ9TSTGmg2xoR2jgKHuWMK6F/YDyG6YZR5tgzkbz9T/9n9T3C8WjQumylC+fjUNaIFtkm+ySIjkmZXJBKqRGOEnJA3kkT8698+y8OK+j1ilnPLNJfsB5+wTDA50P</latexit>

kT -ness

• Not true for WTA axis

• For dijet: replace boson with a jet (still    )
<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>) Soft function at NLO still simple (non-trivial colour)

<latexit sha1_base64="kW9DuJM/nZjRCXsU6U37yE9xgjo=">AAACAHicdVDLTgJBEOzFF+IL9ehlIjHxtFkQXzeiF48Y5ZHAhswOszBhdnadmTWSDRfvXvUXvBmv/ol/4Gc4C5goaiWdVKq6093lRZwp7TjvVmZufmFxKbucW1ldW9/Ib27VVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENzlO/cUulYqG41sOIugHuCeYzgrWRrm46d518wbEPSoflUwf9JkXbGaMAU1Q7+Y92NyRxQIUmHCvVKjqRdhMsNSOcjnLtWNEIkwHu0ZahAgdUucn41BHaM0oX+aE0JTQaq98nEhwoNQw80xlg3VezXir+6aWKVL6a2a/9EzdhIoo1FWSy3o850iFK00BdJinRfGgIJpKZDxDpY4mJNpnlTDRf/6P/Sb1kF4/s8mW5UDmbhpSFHdiFfSjCMVTgAqpQAwI9eIBHeLLurWfrxXqdtGas6cw2/ID19gmmLJeR</latexit>qx

[Buonocore, Grazzini, Haag, Rottoli, Savoini ’22]

        -IMBALANCE<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa



• Extension to     :   requires both components<latexit sha1_base64="xF1MgeItY026cX/aufQZsZVp8oY=">AAACAHicdVDLSgNBEOyNrxhfUY9eBoPgadmN8XULevEYMS9IljA7mU2GzM6uM7NCCLl496q/4E28+if+gZ/hbBJBoxY0FFXddHf5MWdKO867lVlYXFpeya7m1tY3Nrfy2zt1FSWS0BqJeCSbPlaUM0FrmmlOm7GkOPQ5bfiDy9Rv3FGpWCSqehhTL8Q9wQJGsDbSzW2n2skXHPuoeFw6d9Bv4trOBAWYodLJf7S7EUlCKjThWKmW68TaG2GpGeF0nGsnisaYDHCPtgwVOKTKG01OHaMDo3RREElTQqOJ+n1ihEOlhqFvOkOs+2reS8U/vVSRKlBz+3Vw5o2YiBNNBZmuDxKOdITSNFCXSUo0HxqCiWTmA0T6WGKiTWY5E83X/+h/Ui/a7oldui4VyhezkLKwB/twCC6cQhmuoAI1INCDB3iEJ+veerZerNdpa8aazezCD1hvn2yEl20=</latexit>qT

        -IMBALANCE<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa

<latexit sha1_base64="szUpleZS2xRIWF0N6lbvmYuHMi4=">AAACDXicbVC7TsMwFHXKq7Q8AowsFi0SA1RJB2BBqmBhLII+pDaKHNdprToPbKdqFeUHWPgVFpBAiIWBnY0PgRm36QCFK1nn6Jx7dX2PEzIqpGF8aJm5+YXFpexyLr+yuraub2zWRRBxTGo4YAFvOkgQRn1Sk1Qy0gw5QZ7DSMPpn439xoBwQQP/So5CYnmo61OXYiSVZOvFa3t4chDa8XAfJymiKTpTvExsvWCUjEnBv8SckkKl+PnwOsh/VW39vd0JcOQRX2KGhGiZRiitGHFJMSNJrh0JEiLcR13SUtRHHhFWPLkmgbtK6UA34Or5Ek7UnxMx8oQYeY7q9JDsiVlvLP7ntSLpHlsx9cNIEh+ni9yIQRnAcTSwQznBko0UQZhT9VeIe4gjLFWAORWCOXvyX1Ivl8zDUvlCpXEK0sqCbbAD9oAJjkAFnIMqqAEMbsAdeARP2q12rz1rL2lrRpvObIFfpb19A6uVn70=</latexit>qx = �px,c � px,a � px,b � px,S

<latexit sha1_base64="uhuw6PxZdGigkMIA6sAiH1VZAiM="></latexit>

qy = py,J � |~pT,c| cos�c � py,S � py,a � py,b

= �py,a � py,b| {z }
beam functions

+
X

i2(s2J)

|pT,i|� py,S

| {z }
soft function

+
X

i2c

|~pT,i|
�2
c

2
+

P
(i<j)2c |~pT,i||~pT,j |�2

ij

2
P

i2c |~pT,i|
| {z }

jet function

• E.g. soft function: { Outside jet:

Inside jet:
<latexit sha1_base64="czzi6F7yjRrAyvBi19N2dIsactQ=">AAAB8HicbVC7SgNBFL0bXzG+opY2g1GwkLAropZBG8uI5iHJEmYns8mQmd1lZlYMm3yClY2KIra2foeNnX/j5FFo4oELh3Pu5d57vIgzpW3720rNzM7NL6QXM0vLK6tr2fWNsgpjSWiJhDyUVQ8ryllAS5ppTquRpFh4nFa8ztnAr9xQqVgYXOluRF2BWwHzGcHaSNe9qJHc7l/2e41szs7bQ6Bp4oxJrrDzePf50XsqNrJf9WZIYkEDTThWqubYkXYTLDUjnPYz9VjRCJMObtGaoQEWVLnJ8OA+2jVKE/mhNBVoNFR/TyRYKNUVnukUWLfVpDcQ//NqsfZP3IQFUaxpQEaL/JgjHaLB96jJJCWadw3BRDJzKyJtLDHRJqOMCcGZfHmalA/yzlH+8MKkcQojpGELtmEPHDiGApxDEUpAQMA9PMOLJa0H69V6G7WmrPHMJvyB9f4Dk7WUrw==</latexit>

|px,S |

<latexit sha1_base64="fIaCqfo2Ryccq3BdYLa+DpwVKEY=">AAAB8HicbVC7SgNBFL0bXzG+opY2g1GwkLAropZBG8uIeUmyhNnJbDJkZneZmRXCJp9gZaOiiK2t32Fj5984eRSaeODC4Zx7ufceL+JMadv+tlJz8wuLS+nlzMrq2vpGdnOrosJYElomIQ9lzcOKchbQsmaa01okKRYep1WvezH0q7dUKhYGJd2LqCtwO2A+I1gb6aYfNZPS4fWg38zm7Lw9ApolzoTkCnuPd58f/adiM/vVaIUkFjTQhGOl6o4daTfBUjPC6SDTiBWNMOniNq0bGmBBlZuMDh6gfaO0kB9KU4FGI/X3RIKFUj3hmU6BdUdNe0PxP68ea//MTVgQxZoGZLzIjznSIRp+j1pMUqJ5zxBMJDO3ItLBEhNtMsqYEJzpl2dJ5SjvnOSPr0wa5zBGGnZgFw7AgVMowCUUoQwEBNzDM7xY0nqwXq23cWvKmsxswx9Y7z9clZSL</latexit>

|pT,S |



• Extension to more jets:  in jet  

        -IMBALANCE<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa
<latexit sha1_base64="KUKiowV4+xfA+lyfEYUvQ4eOiAo="></latexit>

d�
dpT,J1 d⌘J1 d⌘J2 dqT

=qT

Z d2~bT
2⇡

J0(qT bT )
X

i,j,k,l

Bi(xa,~bT )Bj(xb,~bT )Jk(bx)

⇥ Jl(bx) tr
⇥
Ĥij!kl(pT,J1 , ⌘J1 � ⌘J2) Ŝijkl( ~bT , ⌘J,1, ⌘J,2)

⇤

• NLO soft function: 

<latexit sha1_base64="kdC5Ikdf3Lxu0rTuajcY6xWjrTk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh71sFgETyURUY9FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbdqDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1iOOE+xEdKBEKRtFKD+Oe1ytX3KqbgywTb04qtWPIUe+Vv7r9mKURV8gkNabjuQn6GdUomOSTUjc1PKFsRAe8Y6miETd+lp86IadW6ZMw1rYUklz9PZHRyJhxFNjOiOLQLHpT8T+vk2J47WdCJSlyxWaLwlQSjMn0b9IXmjOUY0so08LeStiQasrQplOyIXiLLy+T5nnVu6xe3Ns0bmZpQBGO4ATOwIMrqMEd1KEBDAbwDK/w5kjnxXl3PmatBWc+cwh/4Hz+AIvYjgI=</latexit>y1

<latexit sha1_base64="AX/QIFofmuFSigKZzGh+ZkiGaog=">AAAB6nicbVBNS8NAEJ34WetX1aMeFovgqSRF1GPRi8eK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9xm/agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHstHM07Qj+hA8pAzaqz0MO5Ve6WyW3FzkGXizUm5dgI56r3SV7cfszRCaZigWnc8NzF+RpXhTOCk2E01JpSN6AA7lkoaofaz/NQJObNKn4SxsiUNydXfExmNtB5Hge2MqBnqRW8q/ud1UhNe+xmXSWpQstmiMBXExGT6N+lzhcyIsSWUKW5vJWxIFWXGplO0IXiLLy+TZrXiXVYu7m0aN7M0oADHcArn4MEV1OAO6tAABgN4hld4c4Tz4rw7H7PWFWc+cwR/4Hz+AI1cjgM=</latexit>y2

<latexit sha1_base64="tdwZaOQ51Q09dkzfX16k/IVoLGA=">AAAB+3icbVC7TsNAEDyHVwgvE0oaiwiJhsgGBJQRNJRBIg8pMdH5skkOzmfrbo0SWfkEajoaChCi5Ufo+BsujwISRlppNLOr3Z0gFlyj635bmYXFpeWV7GpubX1jc8vezld1lCgGFRaJSNUDqkFwCRXkKKAeK6BhIKAW3F+O/NoDKM0jeYODGPyQdiXvcEbRSC07z1rebROhj+kd4KGpYcsuuEV3DGeeeFNSKBWO8/LpsVxu2V/NdsSSECQyQbVueG6MfkoVciZgmGsmGmLK7mkXGoZKGoL20/HtQ2ffKG2nEylTEp2x+nsipaHWgzAwnSHFnp71RuJ/XiPBzrmfchknCJJNFnUS4WDkjIJw2lwBQzEwhDLFza0O61FFGZq4ciYEb/bleVI9KnqnxZNrk8YFmSBLdskeOSAeOSMlckXKpEIY6ZNn8krerKH1Yr1bH5PWjDWd2SF/YH3+AIo9lws=</latexit>

cjet-jet
1

<latexit sha1_base64="czzi6F7yjRrAyvBi19N2dIsactQ=">AAAB8HicbVC7SgNBFL0bXzG+opY2g1GwkLAropZBG8uI5iHJEmYns8mQmd1lZlYMm3yClY2KIra2foeNnX/j5FFo4oELh3Pu5d57vIgzpW3720rNzM7NL6QXM0vLK6tr2fWNsgpjSWiJhDyUVQ8ryllAS5ppTquRpFh4nFa8ztnAr9xQqVgYXOluRF2BWwHzGcHaSNe9qJHc7l/2e41szs7bQ6Bp4oxJrrDzePf50XsqNrJf9WZIYkEDTThWqubYkXYTLDUjnPYz9VjRCJMObtGaoQEWVLnJ8OA+2jVKE/mhNBVoNFR/TyRYKNUVnukUWLfVpDcQ//NqsfZP3IQFUaxpQEaL/JgjHaLB96jJJCWadw3BRDJzKyJtLDHRJqOMCcGZfHmalA/yzlH+8MKkcQojpGELtmEPHDiGApxDEUpAQMA9PMOLJa0H69V6G7WmrPHMJvyB9f4Dk7WUrw==</latexit>

|px,S |
<latexit sha1_base64="5+mJED4IlNwjyaDclgnHhioDpm4=">AAAB+XicbVDLSgMxFM3UV219jIorN8EitCBlRkRdFt2Iq4r2Ae04ZNK0Dc1kQpIplGk/RHAjqIhb/8Sd/+EHmLYutPXAhcM593LvPYFgVGnH+bRSC4tLyyvp1Ux2bX1j097arqoolphUcMQiWQ+QIoxyUtFUM1IXkqAwYKQW9C7Gfq1PpKIRv9UDQbwQdThtU4y0kXzbHgo/aQoiRf6qcHgzGvp2zik6E8B54v6QXKlw/7T7dZct+/ZHsxXhOCRcY4aUariO0F6CpKaYkVGmGSsiEO6hDmkYylFIlJdMLh/BA6O0YDuSpriGE/X3RIJCpQZhYDpDpLtq1huL/3mNWLfPvIRyEWvC8XRRO2ZQR3AcA2xRSbBmA0MQltTcCnEXSYS1CStjQnBnX54n1aOie1I8vjZpnIMp0mAP7IM8cMEpKIFLUAYVgEEfPIBn8GIl1qP1ar1NW1PWz8wO+APr/RsnkpZU</latexit>

|p⊥(J),S |



• Still to do:

• Size of power corrections

• Better name (WTA-iness, Winbalance?)

        -IMBALANCE<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa

• Compare refactorised     parametric R<latexit sha1_base64="eSXCM4es45/en/dLjGvZ8tD9Moo=">AAACDnicdVDLSgNBEJz1GeMjqx69DAbB07IbYhJvQS8ePEQwD0hCmJ3MJkNmZ5eZXiWE/IN3r/oL3sSrv+Af+BlONhE0aEFDUdVNd5cfC67BdT+sldW19Y3NzFZ2e2d3L2fvHzR0lCjK6jQSkWr5RDPBJasDB8FasWIk9AVr+qPLmd+8Y0rzSN7COGbdkAwkDzglYKSenetcswAUHwyBKBXd9+y865yVy4VzD7uOWyh4XiUlrleqYM9xU+TRArWe/dnpRzQJmQQqiNZtz42hOyEKOBVsmu0kmsWEjsiAtQ2VJGS6O0kPn+ITo/RxEClTEnCq/pyYkFDrceibzpDAUC97M/FPb6YoHeil/RBUuhMu4wSYpPP1QSIwRHiWDe5zxSiIsSGEKm4+wHRIFKFgEsyaaL7/x/+TRsHxSk7xppivXixCyqAjdIxOkYfKqIquUA3VEUUJekRP6Nl6sF6sV+tt3rpiLWYO0S9Y71/XCZ0b</latexit>,



 CONCLUSION

• Azimuthal decorrelation is a really nice observable

• Radial decorrelation isn’t

• Remember: There’s life beyond QCD

• Maybe qT-slicing can be salvaged via WTA axis



WINNER-TAKES-ALL AXIS

• Result:

• Example:



PLOTS II
• Linearly polarised beam and jet functions needed

• MCFM vs. Our singular :
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TRACKS
• Angular resolution of calorimetry could be a problem

Use charged particle tracks

• Only affects Jet function finite term

<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>)

• Track function T, energy fraction z         

<latexit sha1_base64="A7CrwMPZnQFwgEx2p113VNxfQgs="></latexit>

J̄ (1)
q = J (1)

q + 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 )]

[Chang, Procura, Thaler,  Waalewijn, ’13]
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OTHER RECOIL FREE AXES

J nf

J CA J CF

1 5 10 50 100
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• Use transverse momentum weighted jet recombination
<latexit sha1_base64="K7Jhv3fV+G5U9MxZtWdjdazzGVk="></latexit>

pT,r = pT,i + pT,j ,

�r = (pnT,i�i + pnT,j�j)/(p
n
T,i + pnT,j),

yr = (pnT,iyi + pnT,jyj)/(p
n
T,i + pnT,j),

• Reproduces WTA as <latexit sha1_base64="j1szp/4YOSujg45bnS7WfLujPLM=">AAAB/HicdVDJSgNBEO2JW4zbaI5eGoPgKUxi3G5BLx4jmAUyQ+jp9CRNenqG7hplGOKvePGgiFc/xJt/Y2cRXB8UPN6roqqeHwuuwXHerdzC4tLySn61sLa+sbllb++0dJQoypo0EpHq+EQzwSVrAgfBOrFiJPQFa/uji4nfvmFK80heQxozLyQDyQNOCRipZxelq/hgCESp6Ba7XAaQ9uySUz6sHtXOHPybVMrOFCU0R6Nnv7n9iCYhk0AF0bpbcWLwMqKAU8HGBTfRLCZ0RAasa6gkIdNeNj1+jPeN0sdBpExJwFP160RGQq3T0DedIYGh/ulNxL+8bgLBqZdxGSfAJJ0tChKBIcKTJHCfK0ZBpIYQqri5FdMhUYSCyatgQvj8FP9PWtVy5bhcu6qV6ufzOPJoF+2hA1RBJ6iOLlEDNRFFKbpHj+jJurMerGfrZdaas+YzRfQN1usHo1mVcA==</latexit>

n ! 1

• We find 
<latexit sha1_base64="DkfPoD44BFXs+g1rjduosLSouqY="></latexit>

J T
g

��
Lb=0

= 1 +
↵s

2⇡

⇢
CA

Z 1

0
dz ln(ẑ2n)


z

1� z
+

1� z

z
+ z(1� z)

�

+ TFnf


1

3
+

Z 1

0
dz ln(ẑ2n)((1� z)2 + z2)

��

⌘ 1 +
↵s

4⇡
(CAJCA + TFnfJnf )

<latexit sha1_base64="txCTEPK3drKZbiihnVrcD6vSEr0="></latexit>

ẑn =

����
zn + (1� z)n

zn�1 � (1� z)n�1

����


