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HISTORY
• [1905.01335]: 

qT decorrelation in V+jet using Standard Jet axis

• [2005.12279] & [2205.05104]: 
Azimuthal decorrelation using Winner-Takes-All axis

• [2412.05358]: 
qT decorrelation using WTA axis for slicing

(Chien, Shao, Wu)

(Chien, Schrijnder van Velzen,  
RR, Shao, Waalewijn, Wu)

(Fu, RR, Shao, Waalewijn, Wu)



OUTLINE
• Transverse momentum decorrelation

• Soft-Collinear Effective Theory

• Standard jet axis vs Winner-Takes-All axis

• Azimuthal vs radial decorrelation

• Slicing



TRANSVERSE MOMENTUM 
CORRELATION

• pp collisions: no control over longitudinal momenta, but 
final state momenta correlated
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TRANSVERSE MOMENTUM 
DECORRELATION
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• For small decorrelation: soft and collinear emissions

• pp collisions: no control over longitudinal momenta, but 
final state momenta correlated

• Appearance of large logarithms, e.g. 
<latexit sha1_base64="XteEGLyHhaizbsV5RZBIx6/Nx6s="></latexit>
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SOFT-COLLINEAR EFFECTIVE THEORY

• Starting point:  “Wilsonian” Effective Theory

[Bauer, Fleming, Pirjol, Stewart, Rothstein, ’01/’02]
[Beneke, Chapovsky, Diehl, Feldmann, ’02]
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SOFT-COLLINEAR EFFECTIVE THEORY

• Starting point:  “Wilsonian” Effective Theory

[Bauer, Fleming, Pirjol, Stewart, Rothstein, ’01/’02]
[Beneke, Chapovsky, Diehl, Feldmann, ’02]

• With complex selection criteria
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For Higgs @ small qT:
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Q = mH,



SOFT-COLLINEAR EFFECTIVE THEORY

• Starting point:  “Wilsonian” Effective Theory

[Bauer, Fleming, Pirjol, Stewart, Rothstein, ’01/’02]
[Beneke, Chapovsky, Diehl, Feldmann, ’02]
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• With complex selection criteria

• We don’t like cutoffs           “continuum” EFT

For Higgs @ small qT:
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Q = mH,



• Calculation factorises

• One multi-scale problem        multiple single-scale problems 
 
 
 

• Hierarchies between momentum scalings can be exploited

SOFT-COLLINEAR EFFECTIVE THEORY
[Bauer, Fleming, Pirjol, Stewart, Rothstein, ’01/’02]

[Beneke, Chapovsky, Diehl, Feldmann, ’02]

• Resummation via Renormalisation Group Equations 
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µB = µS ∼ mHλ = qT



TRANSVERSE MOMENTUM 
DECORRELATION

• Laboratory: V+jet,

• Leading partonic: planar

• Soft/Collinear emissions: 

<latexit sha1_base64="W7WASFZ/mx4wdnX07VUzL5PMdFU=">AAAB+nicdVDJSgNBEK2JW4zbRI96aAyCp2ESjcst6MVjFLNAZgg9nZ5Jk56F7p5IGPMpXjwo4tUv8ebf2EkUXB8UPN6roqqel3AmlW2/Gbm5+YXFpfxyYWV1bX3DLG42ZZwKQhsk5rFoe1hSziLaUExx2k4ExaHHacsbnE/81pAKyeLoWo0S6oY4iJjPCFZa6prFKycInB7lCjtDLJI+65ol2zqoVA9PbfSblC17ilJtB6aod81XpxeTNKSRIhxL2SnbiXIzLBQjnI4LTippgskAB7SjaYRDKt1sevoY7Wmlh/xY6IoUmqpfJzIcSjkKPd0ZYtWXP72J+JfXSZV/4mYsSlJFIzJb5KccqRhNckA9JihRfKQJJoLpWxHpY4GJ0mkVdAifn6L/SbNilY+s6qVO42yWBuRhG3ZhH8pwDDW4gDo0gMAN3MEDPBq3xr3xZDzPWnPGx8wWfIPx8g5W0ZTE</latexit>

R ! δϕ

<latexit sha1_base64="ZHcJEvw6j9LOwxADQ8s4MwCKCAY="></latexit>

!qT = !pT,V + !pT,J != 0



GENERAL SETUP
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d� = H ⌦Ba ⌦Bb ⌦ J ⌦ S
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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:

• How do we represent the jet?

• 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

<latexit sha1_base64="qnn8AI6tiuVDlOd20Ka1PGfQOxs="></latexit>

!pT,J =
∑

i∈jet
!pT,i• Standard Jet axis: 

               



STANDARD JET

• Standard Jet axis:

• Contribution to      requires 
out-of-jet radiation

               Non-global

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

[Dasgupta, Salam, ’01]

<latexit sha1_base64="qnn8AI6tiuVDlOd20Ka1PGfQOxs="></latexit>

!pT,J =
∑

i∈jet
!pT,i

<latexit sha1_base64="WRQEpomXNpjjrczmUGYbguobeas=">AAAB8HicdVDLSsNAFL2pr1pfVZe6GBTBVUiq9bErunFZoS9pQ5lMJ+3QmSTOTAol9CvcuFDErZ/jzr9xmir4PHDhcM693HuPH3OmtOO8Wbm5+YXFpfxyYWV1bX2juLnVUFEiCa2TiEey5WNFOQtpXTPNaSuWFAuf06Y/vJz6zRGVikVhTY9j6gncD1nACNZGuumMKElvJ91at7jv2Eel8vG5g34T13Yy7Fd2IUO1W3zt9CKSCBpqwrFSbdeJtZdiqRnhdFLoJIrGmAxxn7YNDbGgykuzgyfowCg9FETSVKhRpn6dSLFQaix80ymwHqif3lT8y2snOjjzUhbGiaYhmS0KEo50hKbfox6TlGg+NgQTycytiAywxESbjAomhM9P0f+kUbLdE7t8bdK4mKUBediBPTgEF06hAldQhToQEHAHD/BoSeveerKeZ60562NmG77BenkH6bqRMQ==</latexit>

!qT



• Clustering step:  closest emission pair i,j with         ,      &         ,
<latexit sha1_base64="7m+ThepujWEIDTCyWYxGmKgA0B4=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g1VwISGp1seu6MZlhb6gDWEynbRDJw9mJoWa5hP8AHXjQhG3+h1u3Pk3TlsFnwcuHM65l3vvcSNGhTTNN21qemZ2bj6zkF1cWl7J6atrNRHGHJMqDlnIGy4ShNGAVCWVjDQiTpDvMlJ3e6cjv94nXNAwqMhBRGwfdQLqUYykkhw9N2z1CU6i1EkquzQdOnreNPYKxf1jE/4mlmGOkS9tXV2+PA+vy47+2mqHOPZJIDFDQjQtM5J2grikmJE024oFiRDuoQ5pKhognwg7GR+ewm2ltKEXclWBhGP160SCfCEGvqs6fSS74qc3Ev/ymrH0juyEBlEsSYAni7yYQRnCUQqwTTnBkg0UQZhTdSvEXcQRliqrrArh81P4P6kVDOvAKJ6rNE7ABBmwATbBDrDAISiBM1AGVYBBDG7AHbjXLrRb7UF7nLROaR8z6+AbtKd3OuyX5g==</latexit>

|!pT,i|

THE WINNER-TAKES-ALL AXIS

<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
{ 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="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, based on some distance measure

• NOT the “highest energetic particle”, clustering ensures IRC safety!

<latexit sha1_base64="2GtlnL0MfX6+YhEn6+ZgXalxSwk=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCBxlmonG5Bb14jJANkmHo6fQkbXoWunsCcZJP8APUiwdFvOp3ePHm39hJFFwfFDzeq6KqnhsxKqRpvmmpqemZ2bn0fGZhcWk5q6+sVkUYc0wqOGQhr7tIEEYDUpFUMlKPOEG+y0jN7Z6M/FqPcEHDoCz7EbF91A6oRzGSSnL07KDZIziJhk5S3jkfDhw9Zxq7+cLekQl/E8swx8gVN68uX54H1yVHf222Qhz7JJCYISEalhlJO0FcUszIMNOMBYkQ7qI2aSgaIJ8IOxkfPoRbSmlBL+SqAgnH6teJBPlC9H1XdfpIdsRPbyT+5TVi6R3aCQ2iWJIATxZ5MYMyhKMUYItygiXrK4Iwp+pWiDuIIyxVVhkVwuen8H9SzRvWvlE4U2kcgwnSYB1sgG1ggQNQBKegBCoAgxjcgDtwr11ot9qD9jhpTWkfM2vgG7Sndzxyl+c=</latexit>

|!pT,j |

<latexit sha1_base64="9llAqyXdaaRKGAZcVJqenWnc8io=">AAACHHicbVDLSgMxFM3UV62vUZduglUQKmVG8bERim5cVugL2qFk0rSNzTxIMoUyM5/gB9SFP+EHuHGhSDcuBP/G9LHowwOBk3POJbnH9hkV0jB+tcTS8srqWnI9tbG5tb2j7+6VhBdwTIrYYx6v2EgQRl1SlFQyUvE5QY7NSNnu3A39cpdwQT23IHs+sRzUcmmTYiSVVNfPo1qX4NCP62HhlGYe4wjewBktjjLTd5Wo62kja4wAF4k5IencUf9p8Bo95+v6d63h4cAhrsQMCVE1DV9aIeKSYkbiVC0QxEe4g1qkqqiLHCKscLRcDI+V0oBNj6vjSjhSpydC5AjRc2yVdJBsi3lvKP7nVQPZvLZC6vqBJC4eP9QMGJQeHDYFG5QTLFlPEYQ5VX+FuI04wlL1mVIlmPMrL5LSWda8zF48qDZuwRhJcAAOwQkwwRXIgXuQB0WAQR+8gQ/wqb1o79qXNhhHE9pkZh/MQPv5A5k+prs=</latexit>

|!pT,i+j | = |!pT,i|+ |!pT,j |
<latexit sha1_base64="uqPRcrUXb44MWTtEAZ6296M6zvM=">AAACCHicbVC7SgNBFJ31GeNr1dLCwShYSNgVfFQStLGMkBckyzI7mU3GzD6YmQ2E3S1tBD9Af8FGUBFbexs7/8bJo4iJBy6cOede5t7jhIwKaRg/2szs3PzCYmYpu7yyuraub2xWRBBxTMo4YAGvOUgQRn1SllQyUgs5QZ7DSNXpXPb9apdwQQO/JHshsTzU8qlLMZJKsvWdpNElOA5TOy4d0jQ5H3/fpImt54y8MQCcJuaI5Ap7D/dfL8lj0da/G80ARx7xJWZIiLpphNKKEZcUM5JmG5EgIcId1CJ1RX3kEWHFg0NSuK+UJnQDrsqXcKCOT8TIE6LnOarTQ7ItJr2++J9Xj6R7ZsXUDyNJfDz8yI0YlAHspwKblBMsWU8RhDlVu0LcRhxhqbLLqhDMyZOnSeUob57kj69VGhdgiAzYBrvgAJjgFBTAFSiCMsDgFjyBV/Cm3WnP2rv2MWyd0UYzW+APtM9fjYaeug==</latexit>

|!pT,i| > |!pT,j |
<latexit sha1_base64="s96SyAh98RqHrjUUdIrFdSrezVg=">AAACCHicbVC7SgNBFJ31GeNr1dLCwShYSNgVfBQWQRvLCHlBsiyzk9lkzOyDmdlA2N3SRvAD9BdsBBWxtbex82+cPIqYeODCmXPuZe49TsiokIbxo83Mzs0vLGaWsssrq2vr+sZmRQQRx6SMAxbwmoMEYdQnZUklI7WQE+Q5jFSdzmXfr3YJFzTwS7IXEstDLZ+6FCOpJFvfSRpdguMwtePSIU2T8/H3TZrYes7IGwPAaWKOSK6w93D/9ZI8Fm39u9EMcOQRX2KGhKibRiitGHFJMSNpthEJEiLcQS1SV9RHHhFWPDgkhftKaUI34Kp8CQfq+ESMPCF6nqM6PSTbYtLri/959Ui6Z1ZM/TCSxMfDj9yIQRnAfiqwSTnBkvUUQZhTtSvEbcQRliq7rArBnDx5mlSO8uZJ/vhapXEBhsiAbbALDoAJTkEBXIEiKAMMbsETeAVv2p32rL1rH8PWGW00swX+QPv8BYpgnrg=</latexit>

|!pT,i| < |!pT,j |



WTA FOR BACTERIA
• Osmos [Hemisphere Games, ’09]



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="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

<latexit sha1_base64="MX4WCTsmBozPUoRKYgOmNIamafY=">AAACD3icbZC7TsMwFIadcivlFmBksSgghqpKkLhILBUsjK3oTWqiyHHc1qpzke0gVaFvAAMjPAYMDCDEysDCxtvgph2g5Zcs/frOObbP70aMCmkY31pmZnZufiG7mFtaXlld09c36iKMOSY1HLKQN10kCKMBqUkqGWlGnCDfZaTh9s6H9cYV4YKGQVX2I2L7qBPQNsVIKuToe5GTVAt4YAnqw0oBWqcwJZdjYjF1l4ccPW8UjVRw2phjky/t3N9+Pl0/lB39y/JCHPskkJghIVqmEUk7QVxSzMggZ8WCRAj3UIe0lA2QT4SdpPsM4K4iHmyHXJ1AwpT+nkiQL0Tfd1Wnj2RXTNaG8L9aK5btEzuhQRRLEuDRQ+2YQRnCYTjQo5xgyfrKIMyp+ivEXcQRlirCnArBnFx52tQPiuZR8bCi0jgDI2XBFtgG+8AEx6AELkAZ1AAGN+ARvIBX7U571t6091FrRhvPbII/0j5+AIG1n30=</latexit>

pT,c ∼ Q, pT,S ∼ Qλ



WTA AXIS IN ACTION

• Even if all radiation is inside the jet:
<latexit sha1_base64="lkKTC4rCLDFRxfXMx3XuDq5EAEo="></latexit>

!pT,J !=
∑

i∈jet
!pT,i



WTA AXIS IN ACTION

• Even if all radiation is inside the jet:

• In- and out-of-jet soft radiation 
contribute through recoil

• Only in-jet soft radiation contributes 
to         : power suppressed  

<latexit sha1_base64="QzfNIrc5IykF9dshI4R/dw7WGWg=">AAAB+HicdVDJSgNBEO2JW4xLRj16aYyCBxkm0bjcgl7EU4RskAxDT6cnadKz0N0TiJP5BD9AvXhQxKt+hxdv/o2dRMH1QcHjvSqq6jkho0Ka5puWmpqemZ1Lz2cWFpeWs/rKak0EEcekigMW8IaDBGHUJ1VJJSONkBPkOYzUnd7JyK/3CRc08CtyEBLLQx2fuhQjqSRbzw5bfYLjMLHjys5ZMrT1nGnsFop7Ryb8TfKGOUautHl1+fI8vC7b+murHeDII77EDAnRzJuhtGLEJcWMJJlWJEiIcA91SFNRH3lEWPH48ARuKaUN3YCr8iUcq18nYuQJMfAc1ekh2RU/vZH4l9eMpHtoxdQPI0l8PFnkRgzKAI5SgG3KCZZsoAjCnKpbIe4ijrBUWWVUCJ+fwv9JrWDk943iuUrjGEyQButgA2yDPDgAJXAKyqAKMIjADbgD99qFdqs9aI+T1pT2MbMGvkF7egcLspfH</latexit>

|!pT,J |

<latexit sha1_base64="lkKTC4rCLDFRxfXMx3XuDq5EAEo="></latexit>

!pT,J !=
∑

i∈jet
!pT,i



• Align y-axis with jet axis:

• Azimuthal decorrelation

• Radial decorrelation

TRANSVERSE MOMENTUM 
DECORRELATION

• Two-component decorrelation:

<latexit sha1_base64="LYyDzH2Z/YyqGoQ+CRmpe22AZ/Q=">AAAB9HicdVDJSgNBEK2JW4xb1KOXxiB4kGEmJi4HIejFYwSTCMkw9HR6kiY9S7p7QsKQ7/DiQRGvfow3/8bOIrg+KHi8V0VVPS/mTCrLejcyC4tLyyvZ1dza+sbmVn57py6jRBBaIxGPxJ2HJeUspDXFFKd3saA48DhteL2rid8YUCFZFN6qUUydAHdC5jOClZacvjtEFyh20+FRfezmC5Z5XCyXzi30m9imNUUB5qi6+bdWOyJJQENFOJayaVuxclIsFCOcjnOtRNIYkx7u0KamIQ6odNLp0WN0oJU28iOhK1Roqn6dSHEg5SjwdGeAVVf+9CbiX14zUf6Zk7IwThQNyWyRn3CkIjRJALWZoETxkSaYCKZvRaSLBSZK55TTIXx+iv4n9aJpn5jlm1KhcjmPIwt7sA+HYMMpVOAaqlADAn24h0d4MgbGg/FsvMxaM8Z8Zhe+wXj9AEi3kdE=</latexit>qx = px,V

<latexit sha1_base64="3Nf/tfWIo3Qw6uPy3S3r8JKEGOQ=">AAACBnicdVDJSgNBEO1xjXGLehShMQiCYZiJictBCHoRTxGyQRKGnk5P0qRnsbsnMEzm5MVf8eJBEa9+gzf/xs4iuD4oeLxXRVU9O2BUSMN412Zm5+YXFlNL6eWV1bX1zMZmTfghx6SKfebzho0EYdQjVUklI42AE+TajNTt/sXIrw8IF9T3KjIKSNtFXY86FCOpJCuzc2NF8AwGVhzlasnBsDUgOA4SK67krpKhlcka+mG+WDg14G9i6sYYWTBF2cq8tTo+Dl3iScyQEE3TCGQ7RlxSzEiSboWCBAj3UZc0FfWQS0Q7Hr+RwD2ldKDjc1WehGP160SMXCEi11adLpI98dMbiX95zVA6J+2YekEoiYcni5yQQenDUSawQznBkkWKIMypuhXiHuIIS5VcWoXw+Sn8n9TyunmkF68L2dL5NI4U2Aa7YB+Y4BiUwCUogyrA4Bbcg0fwpN1pD9qz9jJpndGmM1vgG7TXDw+4mOo=</latexit>

qy = py,V + |~pT,J |

<latexit sha1_base64="TM5vZJWjnQzchtRX+PQfE20sRa8=">AAACEnicbVDLSsNAFJ3UV62vqEs3g0VRlJKIr41QdCOuKvQFbQmT6cQOnUzizKRQQr7Bjb/ixoUibl2582+cplnU1gMD555zL3fucUNGpbKsHyM3N7+wuJRfLqysrq1vmJtbdRlEApMaDlggmi6ShFFOaooqRpqhIMh3GWm4/ZuR3xgQIWnAq2oYko6PHjj1KEZKS4552B4QHD8mThXuX8G0CBMnrh7Xk6OJ6i6Bjlm0SlYKOEvsjBRBhopjfre7AY58whVmSMqWbYWqEyOhKGYkKbQjSUKE++iBtDTlyCeyE6cnJXBPK13oBUI/rmCqTk7EyJdy6Lu600eqJ6e9kfif14qUd9mJKQ8jRTgeL/IiBlUAR/nALhUEKzbUBGFB9V8h7iGBsNIpFnQI9vTJs6R+UrLPS2f3p8XydRZHHuyAXXAAbHAByuAWVEANYPAEXsAbeDeejVfjw/gct+aMbGYb/IHx9QtUoJ1F</latexit>

~qT = ~pT,V + ~pT,J



AZIMUTHAL 
DECORRELATION

<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

• From momentum conservation:

• Factorisation is very simple:

• TMD Beam function
• TMD Soft function (+boost)
• WTA jet function



RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'
<latexit sha1_base64="P3uMvo92z2YCBMC+4Gx63+GStMM="></latexit>

⇡ |~pT,J |� |~pT,V |+
1

2
|~pT,V |�'2

<latexit sha1_base64="1uG5O06vb9SV5c2JB3Pyhz2vNtg=">AAACHHicdVBJSwMxGM241rqNevQSLEKLOMx0cbkVvXizBbtAZyiZTNqGZhaSjFCG/hAv/hUvHhTx4kHw35hpK1iXB4H3vW/J9z03YlRI0/zQFhaXlldWM2vZ9Y3NrW19Z7cpwphj0sAhC3nbRYIwGpCGpJKRdsQJ8l1GWu7wMs23bgkXNAxu5Cgijo/6Ae1RjKSSunrJ9pEcYMSS63G+XjieD4/mQpupuR4qdPWcaZSKlfK5CX8TyzAnyIEZal39zfZCHPskkJghITqWGUknQVxSzMg4a8eCRAgPUZ90FA2QT4STTI4bw0OleLAXcvUCCSfq944E+UKMfFdVpsuKn7lU/CvXiWXvzEloEMWSBHj6US9mUIYwdQp6lBMs2UgRhDlVu0I8QBxhqfzMKhO+LoX/k2bRsE6MSr2cq17M7MiAfXAA8sACp6AKrkANNAAGd+ABPIFn7V571F6012npgjbr2QNz0N4/ARq4oWo=</latexit>

O(Q)�O(Q) +O(Q�)“                                  ”



RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'
<latexit sha1_base64="P3uMvo92z2YCBMC+4Gx63+GStMM="></latexit>

⇡ |~pT,J |� |~pT,V |+
1

2
|~pT,V |�'2

Are these the same?



RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'
<latexit sha1_base64="P3uMvo92z2YCBMC+4Gx63+GStMM="></latexit>

⇡ |~pT,J |� |~pT,V |+
1

2
|~pT,V |�'2

Are these the same?
No!



RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'

<latexit sha1_base64="Q4eTiAl49WeYceG2Uy5JR5yGFy8=">AAACH3icbVDJSgNBFOxxjXGLevTSGAQPEmbE7SKIXsRTBLNAJgw9nRdt7ekZut+IYTJ/4sVf8eJBEfHm39hZDm4FDUVVPV6/ChMpDLrupzMxOTU9M1uYK84vLC4tl1ZW6yZONYcaj2WsmyEzIIWCGgqU0Ew0sCiU0AhvTwd+4w60EbG6xF4C7YhdKdEVnKGVgtJ+378DniV5kF1un+d9ekR9k0ZBJnyhfIR7zG4A8/x7TOT9oFR2K+4Q9C/xxqRMxqgGpQ+/E/M0AoVcMmNanptgO2MaBZeQF/3UQML4LbuClqWKRWDa2fC+nG5apUO7sbZPIR2q3ycyFhnTi0KbjBhem9/eQPzPa6XYPWxnQiUpguKjRd1UUozpoCzaERo4yp4ljGth/0r5NdOMo620aEvwfp/8l9R3Kt5+Ze9it3x8Mq6jQNbJBtkiHjkgx+SMVEmNcPJAnsgLeXUenWfnzXkfRSec8cwa+QHn8wup/qSj</latexit>

|~pT,J | =
X

i2jet
|~pT,i|

I) scalar sum vs. vector sum

<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>)

<latexit sha1_base64="YvLyZZlp0utNye/szzPUIUvrBLc=">AAACI3icbVDLSsNAFJ3UV62vqks3g0VwoSURXwhCqRuXCjYWmhAm09t2cDKJMxOhpPkXN/6KGxdKcePCf3Fau9DqgYHDOedy554w4Uxp2/6wCjOzc/MLxcXS0vLK6lp5fcNVcSopNGjMY9kMiQLOBDQ00xyaiQQShRxuw7uLkX/7AFKxWNzofgJ+RLqCdRgl2khB+WzgPQDNkjzIbvbcfIDPsVdnXT7Y91QaBRnzBNxjN/+RYvkoIQdBuWJX7THwX+JMSAVNcBWUh147pmkEQlNOlGo5dqL9jEjNKIe85KUKEkLvSBdahgoSgfKz8Y053jFKG3diaZ7QeKz+nMhIpFQ/Ck0yIrqnpr2R+J/XSnXn1M+YSFINgn4v6qQc6xiPCsNtJoFq3jeEUMnMXzHtEUmoNrWWTAnO9Ml/iXtQdY6rR9eHlVp9UkcRbaFttIscdIJq6BJdoQai6BE9o1f0Zj1ZL9bQev+OFqzJzCb6BevzCzfupUU=</latexit>

|~pT,V | =
����

X

i 6=V

~pT,i

���



“                                                           ”

RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'

<latexit sha1_base64="Q4eTiAl49WeYceG2Uy5JR5yGFy8=">AAACH3icbVDJSgNBFOxxjXGLevTSGAQPEmbE7SKIXsRTBLNAJgw9nRdt7ekZut+IYTJ/4sVf8eJBEfHm39hZDm4FDUVVPV6/ChMpDLrupzMxOTU9M1uYK84vLC4tl1ZW6yZONYcaj2WsmyEzIIWCGgqU0Ew0sCiU0AhvTwd+4w60EbG6xF4C7YhdKdEVnKGVgtJ+378DniV5kF1un+d9ekR9k0ZBJnyhfIR7zG4A8/x7TOT9oFR2K+4Q9C/xxqRMxqgGpQ+/E/M0AoVcMmNanptgO2MaBZeQF/3UQML4LbuClqWKRWDa2fC+nG5apUO7sbZPIR2q3ycyFhnTi0KbjBhem9/eQPzPa6XYPWxnQiUpguKjRd1UUozpoCzaERo4yp4ljGth/0r5NdOMo620aEvwfp/8l9R3Kt5+Ze9it3x8Mq6jQNbJBtkiHjkgx+SMVEmNcPJAnsgLeXUenWfnzXkfRSec8cwa+QHn8wup/qSj</latexit>

|~pT,J | =
X

i2jet
|~pT,i|

I) scalar sum vs. vector sum

<latexit sha1_base64="YvLyZZlp0utNye/szzPUIUvrBLc=">AAACI3icbVDLSsNAFJ3UV62vqks3g0VwoSURXwhCqRuXCjYWmhAm09t2cDKJMxOhpPkXN/6KGxdKcePCf3Fau9DqgYHDOedy554w4Uxp2/6wCjOzc/MLxcXS0vLK6lp5fcNVcSopNGjMY9kMiQLOBDQ00xyaiQQShRxuw7uLkX/7AFKxWNzofgJ+RLqCdRgl2khB+WzgPQDNkjzIbvbcfIDPsVdnXT7Y91QaBRnzBNxjN/+RYvkoIQdBuWJX7THwX+JMSAVNcBWUh147pmkEQlNOlGo5dqL9jEjNKIe85KUKEkLvSBdahgoSgfKz8Y053jFKG3diaZ7QeKz+nMhIpFQ/Ck0yIrqnpr2R+J/XSnXn1M+YSFINgn4v6qQc6xiPCsNtJoFq3jeEUMnMXzHtEUmoNrWWTAnO9Ml/iXtQdY6rR9eHlVp9UkcRbaFttIscdIJq6BJdoQai6BE9o1f0Zj1ZL9bQev+OFqzJzCb6BevzCzfupUU=</latexit>

|~pT,V | =
����

X

i 6=V

~pT,i

���

II) soft out-of-jet emissions

<latexit sha1_base64="UlClZgvLfC396FEmIaMdZtKsdUQ=">AAACFXicbVDLSsNAFJ34rPUVdekmWIQWS0nEF66KbsSNLfQFTQiTyaQdOnkwMxFKyE+48VfcuFDEreDOv3HSZmFbDwycOefemXuPE1HCha7/KEvLK6tr64WN4ubW9s6uurff4WHMEG6jkIas50COKQlwWxBBcS9iGPoOxV1ndJv53UfMOAmDlhhH2PLhICAeQVBIyVarkZ20qvfptelDMUSQJg9puVk5mbmaVD7owoqtlvSaPoG2SIyclECOhq1+m26IYh8HAlHIed/QI2ElkAmCKE6LZsxxBNEIDnBf0gD6mFvJZKtUO5aKq3khkycQ2kT925FAn/Ox78jKbFg+72Xif14/Ft6VlZAgigUO0PQjL6aaCLUsIs0lDCNBx5JAxIicVUNDyCASMsiiDMGYX3mRdE5rxkXtvHlWqt/kcRTAITgCZWCAS1AHd6AB2gCBJ/AC3sC78qy8Kh/K57R0Scl7DsAMlK9fbJqeXg==</latexit>

pT,J : O(Q) +O(Q�)
<latexit sha1_base64="pI5DLa1wbiRFELjeZF7cc/5oBLw=">AAACFXicbVDLSsNAFJ3UV62vqEs3wSK0WEoivnBVdOPOFvqCJoTJZNIOnTyYmQgl5Cfc+CtuXCjiVnDn3zhps7CtBwbOnHPvzL3HiSjhQtd/lMLK6tr6RnGztLW9s7un7h90eRgzhDsopCHrO5BjSgLcEURQ3I8Yhr5Dcc8Z32V+7xEzTsKgLSYRtnw4DIhHEBRSstVaZCftWje9MX0oRgjS5CGttKqnc1eTygddWLXVsl7Xp9CWiZGTMsjRtNVv0w1R7ONAIAo5Hxh6JKwEMkEQxWnJjDmOIBrDIR5IGkAfcyuZbpVqJ1JxNS9k8gRCm6p/OxLocz7xHVmZDcsXvUz8zxvEwru2EhJEscABmn3kxVQToZZFpLmEYSToRBKIGJGzamgEGURCBlmSIRiLKy+T7lnduKxftM7Ljds8jiI4AsegAgxwBRrgHjRBByDwBF7AG3hXnpVX5UP5nJUWlLznEMxB+foFgJKeag==</latexit>

pT,V : O(Q) +O(Q�)
<latexit sha1_base64="U553baeImS6Xw4n0QKZHeHqVF0U=">AAAB/nicbVDLSsNAFJ34rPUVFVdugkWom5KIr2XRjTtbsA9oQrmZTNqhk0mYmQglFPwVNy4Ucet3uPNvnLRZaOuBgcO593DPHD9hVCrb/jaWlldW19ZLG+XNre2dXXNvvy3jVGDSwjGLRdcHSRjlpKWoYqSbCAKRz0jHH93m884jEZLG/EGNE+JFMOA0pBiUlvrmoRuBGmJg2f2k2nSZdgZw2jcrds2ewlokTkEqqECjb365QYzTiHCFGUjZc+xEeRkIRTEjk7KbSpIAHsGA9DTlEBHpZdP4E+tEK4EVxkI/rqyp+tuRQSTlOPL1Zh5Wzs9y8b9ZL1XhtZdRnqSKcDw7FKbMUrGVd2EFVBCs2FgTwILqrBYeggCsdGNlXYIz/+VF0j6rOZe1i+Z5pX5T1FFCR+gYVZGDrlAd3aEGaiGMMvSMXtGb8WS8GO/Gx2x1ySg8B+gPjM8fy3iVYw==</latexit>

O(Q�)

<latexit sha1_base64="xwFF5GLX5zyxdsId4mX9sGg0CgI="></latexit>

(pT,c + pT,S,in-jet)� (pT,c + pT,S) = �pT,S,out-of-jet



RADIAL DECORRELATION
• From momentum conservation:

<latexit sha1_base64="YzQU/VXK3ysYbzeeQ8EY/TqIBqg="></latexit>

qy = |~pT,J |+ py,V

= |~pT,J |� |~pT,V | cos �'

<latexit sha1_base64="Q4eTiAl49WeYceG2Uy5JR5yGFy8=">AAACH3icbVDJSgNBFOxxjXGLevTSGAQPEmbE7SKIXsRTBLNAJgw9nRdt7ekZut+IYTJ/4sVf8eJBEfHm39hZDm4FDUVVPV6/ChMpDLrupzMxOTU9M1uYK84vLC4tl1ZW6yZONYcaj2WsmyEzIIWCGgqU0Ew0sCiU0AhvTwd+4w60EbG6xF4C7YhdKdEVnKGVgtJ+378DniV5kF1un+d9ekR9k0ZBJnyhfIR7zG4A8/x7TOT9oFR2K+4Q9C/xxqRMxqgGpQ+/E/M0AoVcMmNanptgO2MaBZeQF/3UQML4LbuClqWKRWDa2fC+nG5apUO7sbZPIR2q3ycyFhnTi0KbjBhem9/eQPzPa6XYPWxnQiUpguKjRd1UUozpoCzaERo4yp4ljGth/0r5NdOMo620aEvwfp/8l9R3Kt5+Ze9it3x8Mq6jQNbJBtkiHjkgx+SMVEmNcPJAnsgLeXUenWfnzXkfRSec8cwa+QHn8wup/qSj</latexit>

|~pT,J | =
X

i2jet
|~pT,i|

I) scalar sum vs. vector sum

<latexit sha1_base64="YvLyZZlp0utNye/szzPUIUvrBLc=">AAACI3icbVDLSsNAFJ3UV62vqks3g0VwoSURXwhCqRuXCjYWmhAm09t2cDKJMxOhpPkXN/6KGxdKcePCf3Fau9DqgYHDOedy554w4Uxp2/6wCjOzc/MLxcXS0vLK6lp5fcNVcSopNGjMY9kMiQLOBDQ00xyaiQQShRxuw7uLkX/7AFKxWNzofgJ+RLqCdRgl2khB+WzgPQDNkjzIbvbcfIDPsVdnXT7Y91QaBRnzBNxjN/+RYvkoIQdBuWJX7THwX+JMSAVNcBWUh147pmkEQlNOlGo5dqL9jEjNKIe85KUKEkLvSBdahgoSgfKz8Y053jFKG3diaZ7QeKz+nMhIpFQ/Ck0yIrqnpr2R+J/XSnXn1M+YSFINgn4v6qQc6xiPCsNtJoFq3jeEUMnMXzHtEUmoNrWWTAnO9Ml/iXtQdY6rR9eHlVp9UkcRbaFttIscdIJq6BJdoQai6BE9o1f0Zj1ZL9bQev+OFqzJzCb6BevzCzfupUU=</latexit>

|~pT,V | =
����

X

i 6=V

~pT,i

���

II) soft out-of-jet emissions

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



CALCULATIONS AND TRIVIA

• Resummation of azimuthal 
decorrelation to NNLL

• Linearly polarised NNLO 
beam and jet functions

• “Giant K-factors” from EW

• Track-based measurements 
and pT-weighted jet axes

��� ��� ��� ��� ��� ���

��

���

���

���

[Catani, Grazzini, ‘11]

[Rubin, Salam, Sapeta, ’10]



• How to access higher-order calculations?

• Soft and collinear emissions difficult to observe

• Find resolution variable, e.g. qT:

SLICING

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

<latexit sha1_base64="I4uY0SjrlphdzvrmD+zDf2mVHNc=">AAACG3icbZDLSsNAFIYn9VbrLepSF4NFEISSiLeNUHTjsoq9QBvCZDpph85MwsxEKKEb38O9W30Fd+LWhW/gYzhpI2jrDwc+/nMOh/MHMaNKO86nVZibX1hcKi6XVlbX1jfsza2GihKJSR1HLJKtACnCqCB1TTUjrVgSxANGmsHgKus374lUNBJ3ehgTj6OeoCHFSBvLt3c7ivY4ghdwAn4DHv7grW+XnYozFpwFN4cyyFXz7a9ON8IJJ0JjhpRqu06svRRJTTEjo1InUSRGeIB6pG1QIE6Ul46/GMF943RhGElTQsOx+3sjRVypIQ/MJEe6r6Z7mflvL3OkCtXUfR2eeykVcaKJwJPzYcKgjmAWFOxSSbBmQwMIS2o+gLiPJMLaxFky0bjTQcxC46jinlZObo7L1cs8pCLYAXvgALjgDFTBNaiBOsDgATyBZ/BiPVqv1pv1PhktWPnONvgj6+MbJOmgxQ==</latexit>

� = �V + �R

Individually divergent,  
different phase spaces

<latexit sha1_base64="ANtuVZu01FWuaxvmAQ8ZhPBOKFQ="></latexit>

d�

dX
=

Z �

0
dqT

d�SCET

dX dqT
[1 +O(�p)] +

Z 1

�
dqT

d�QCD

dX dqT

[Catani, Grazzini, ’07]



•    -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>) [Buonocore, Grazzini, Haag, Rottoli, Savoini ’22]

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

• Winner-Takes-All axis isn’t blind!

<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>) [Boughezal, Focke, Liu, Petriello, ’15]N-jettiness

kT-ness

[Gaunt, Stahlhofen, Tackmann, ’15]

(Higher orders?)

(Kinematic dependence? Power corrections?)
[Campbell, Ellis, Seth, ’22]

[Agarwal, Melnikov, Pedron, ’24]
[Bell, Dehnadi, Mohrmann, RR, ’23]



• Azimuthal decorrelation is much nicer than radial

• For planar Born processes azimuthal suffices:

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

<latexit sha1_base64="RK3Z8dMBj7iUXsPcGdaXdsONjKA=">AAAB8nicdVBNS8NAEN34WeNX1aOXxSJ4CpugphdR9OKxiq1CGmSz3baLm2zYnSil+DO8eFCkV/+Hdy/iv3HbKqjog4HHezPMm0lyKQwQ8u5MTE5Nz8yW5tz5hcWl5fLKasOoQjNeZ0oqfZFQw6XIeB0ESH6Ra07TRPLz5Opo6J9fc22Eys6gl/M4pZ1MtAWjYKWoeSo6XaBaq5vLcoV4O2EYVENMPBIEJNweEeKHAfY9MkJl/8Xdywdvbu2y/NpsKVakPAMmqTGRT3KI+1SDYJLfus3C8JyyK9rhkaUZTbmJ+6PIt3jTKi3cVtpWBnikfp/o09SYXprYzpRC1/z2huJfXlRAuxr3RZYXwDM2XtQuJAaFh/fjltCcgexZQpkWNitmXaopA/sl1z7h61L8P2kEnr/rBSekcnCIxiihdbSBtpCPQnSAjlEN1RFDCt2hB/TogHPvPDmDceuE8zmzhn7Aef4ATt+U8A==</latexit>) Can we avoid using the radial decorrelation?

V

pT,J

qx

��

pT,J

qx

��

V

V

pT,J1

qx

��

pT,J2



UNRESOLVED PIECE

• Factorisation:
<latexit sha1_base64="2q8mpeJbejU58fiwekwPUHdHx0A="></latexit>

d�SCET

dpT,1 d⌘1 d⌘2 dqx

=

Z
dbx
2⇡

eiqxbx
X

i,j,k,`

Bi(xa, bx)Bj(xb, bx)Jk(bx)J`(bx)

⇥ tr
⇥
Ĥij!k`(pT,1, ⌘1 � ⌘2) Ŝijk`(bx, ⌘1, ⌘2)

⇤

• Involves:

• Beyond NLO: linear polarisations in beam/jet

• Standard TMD beam function
• Standard TMD soft function
• WTA TMD jet function



NLO VERIFICATION
• Missing for NNLO: gluon jet function
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NON-PLANAR CASES
• Radial decorrelation required

• A priori SCET+ framework:

• Complicated mode structure

• Multiple hierarchies

• But:                        suffices!
<latexit sha1_base64="379HFz7pRxd3cEX3Rh4JQyaR/oc=">AAACH3icdVDJSgNBFOyJW4xb1KOXxiAIQpjExOUgBL14jJANksnQ0+lJmvRs3T3BYZKr/+Hdq/6CN/GaP/Az7CyCRi14UFS9x6PK8hkVUtfHWmJpeWV1Lbme2tjc2t5J7+7VhBdyTKrYYx5vWEgQRl1SlVQy0vA5QY7FSN3q30z8+oBwQT23IiOfGA7qutSmGEklmWk4bA0IjoORWRnCK9gSAZdxYN638yeBGbXzIzOd0bOn+WLhUoe/SS6rT5EBc5TN9Eer4+HQIa7EDAnRzOm+NGLEJcWMjFKtUBAf4T7qkqaiLnKIMOJpkhE8UkoH2h5X40o4Vb9fxMgRInIstekg2ROL3kT805soXNhi4b+0L4yYun4oiYtn7+2QQenBSVmwQznBkkWKIMypSgBxD3GEpao0par5yg//J7V8NneWLd4VMqXreUlJcAAOwTHIgXNQAregDKoAgwfwBJ7Bi/aovWpv2vtsNaHNb/bBD2jjT330o8I=</latexit>

|~qT | =
q

q2x + q2y

V

pT,J2

pT,J1

-pT,V

qT

<latexit sha1_base64="j4B0CJVPwtnZhuXjq8afKi0gJyY=">AAACJnicdVDLSgMxFM34rPVVdekmWMQKZZjW1seu6MZlC/YBnTJk0kwbmnk0yYjD0E/wP9y71V9wJ+LOpZ9hpg/QqgcCJ+fcy+UcO2BUSMN41xYWl5ZXVlNr6fWNza3tzM5uQ/ghx6SOfebzlo0EYdQjdUklI62AE+TajDTtwVXiN28JF9T3bmQUkI6Leh51KEZSSVbmKDe07kxBXTi0ojycfUwx5DKuJeIor+v6sZXJGvpJsVy6MOBvUtCNMbJgiqqV+TS7Pg5d4knMkBDtghHIToy4pJiRUdoMBQkQHqAeaSvqIZeITjwONIKHSulCx+fqeRKO1e8bMXKFiFxbTbpI9sW8l4h/eonChSPm7kvnvBNTLwgl8fDkvBMyKH2YdAa7lBMsWaQIwpyqBBD3EUdYqmbTqppZfvg/aRT1wqlerpWylctpSSmwDw5ADhTAGaiAa1AFdYDBPXgET+BZe9BetFftbTK6oE139sAPaB9fEb6lcQ==</latexit>

(qx ⇠ qy, qx ⇠
p

Qqy, ...)

[Procura, Waalewijn, Zeune, ’15, ’18]



DIJET AGAIN

• Modes inherited from azimuthal decorrelation
<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

•     behaves like Standard Jet axis case!

<latexit sha1_base64="TM+Jg6afyESZP748TjsSpVe008I="></latexit>

⇠ O(Q�')

<latexit sha1_base64="HpFqFCcUa+TV2puMz1Uvv4G5zqI="></latexit>

⇠ O(Q�'2)

<latexit sha1_base64="Sn7xteu4bguS2lLibcKhUlwHPkY=">AAACAHicdVDLSsNAFJ3UV62vqks3g0VwFZLaWN0V3bisaB/QhjKZTtqhk0mcmQghdOPerf6CO3Hrn/gHfoaTpoIWPXDhcM693HuPFzEqlWV9GIWl5ZXVteJ6aWNza3unvLvXlmEsMGnhkIWi6yFJGOWkpahipBsJggKPkY43ucz8zj0Rkob8ViURcQM04tSnGCkt3dwNkkG5YplVx6nZdZgTx8nJybkDbdOaoQLmaA7Kn/1hiOOAcIUZkrJnW5FyUyQUxYxMS/1YkgjhCRqRnqYcBUS66ezUKTzSyhD6odDFFZypPydSFEiZBJ7uDJAay0UvE//0MkVIXy7sV/6Zm1IexYpwnK/3YwZVCLM04JAKghVLNEFYUP0BxGMkEFY6s5KO5vt/+D9pV0371HSua5XGxTykIjgAh+AY2KAOGuAKNEELYDACj+AJPBsPxovxarzlrQVjPrMPfsF4/wK3Lped</latexit>qy

<latexit sha1_base64="3eOYv2W5i1Ir2WQsdQ9c5Nv3beU="></latexit>= �py,S,out-of-jet



• Factorisation:

• Involves:

• Soft function:

• Standard TMD beam function
• Dedicated soft function
• WTA TMD jet function

{ Outside jet:

Inside jet:
<latexit sha1_base64="GZ51a7kiA31KvBYao+vVzPTkeSE=">AAACJXicbZDLSsNAFIYn9VbrrerSzWBRXJVEvC2LblxWsBdoQphMT9qhk0mcmUhL6Bv4Hu7d6iu4E8GVWx/D6QXR1h8Gfr5zDmfOHyScKW3bH1ZuYXFpeSW/Wlhb39jcKm7v1FWcSgo1GvNYNgOigDMBNc00h2YigUQBh0bQuxrVG/cgFYvFrR4k4EWkI1jIKNEG+cVDN4AOE1kSES1Zf4jv/D52XWxjF0T7B/vFkl22x8LzxpmaEpqq6he/3HZM0wiEppwo1XLsRHsZkZpRDsOCmypICO2RDrSMFSQC5WXje4b4wJA2DmNpntB4TH9PZCRSahAFptP8r6tmayP4b21EpArVzH4dXngZE0mqQdDJ+jDlWMd4FBluMwlU84ExhEpmLsC0SySh2gRbMNE4s0HMm/px2Tkrn96clCqX05DyaA/toyPkoHNUQdeoimqIogf0hJ7Ri/VovVpv1vukNWdNZ3bRH1mf3zeZpjI=</latexit>✓
qx
0

◆

<latexit sha1_base64="FJo56UCaa9fOmCgwXTUIqXpAYBk=">AAACMXicbVDLSsQwFE19O76qLt0EB8HV0IqvjSC6cangqGBLSdPbMZimnSQdLKX/4X+4d6u/4E5cCf6E6VhERw+EHM65l3vvCTPOlHacF2tsfGJyanpmtjU3v7C4ZC+vXKg0lxS6NOWpvAqJAs4EdDXTHK4yCSQJOVyGt8e1fzkAqVgqznWRgZ+QnmAxo0QbKbC3vAHQsl8F5wdeCD0myiwhWrK7CveDO+x55iuwByL6NgK77XScIfBf4jakjRqcBva7F6U0T0BoyolS166Tab8kUjPKoWp5uYKM0FvSg2tDBUlA+eXwtgpvGCXCcSrNExoP1Z8dJUmUKpLQVJr9btSoV4v/erUiVaxG5ut43y+ZyHINgn6Nj3OOdYrr+HDEJFDNC0MIlcxcgOkNkYRqE3LLROOOBvGXXGx13N3Oztl2+/CoCWkGraF1tIlctIcO0Qk6RV1E0T16RE/o2XqwXqxX6+2rdMxqelbRL1gfn+FXq7Y=</latexit>

~qT =

✓
qx
qy

◆

        -DIJET<latexit sha1_base64="Y3Dny/PcGv+Sze9wlqHnBA9smS8=">AAACCXicdVDJSgNBEO1xjXGLevTSGARPw0yM2y3oxWOEbJAZQk+nJ2nSs9hdo4YhX+Ddq/6CN/HqV/gHfoY9SQSN+qDg8V4VVfW8WHAFlvVuzM0vLC4t51byq2vrG5uFre2GihJJWZ1GIpItjygmeMjqwEGwViwZCTzBmt7gIvObN0wqHoU1GMbMDUgv5D6nBLTkXHccYHeQ3tbIqFMoWuZh6ah8ZuHfxDatMYpoimqn8OF0I5oELAQqiFJt24rBTYkETgUb5Z1EsZjQAemxtqYhCZhy0/HNI7yvlS72I6krBDxWv0+kJFBqGHi6MyDQV7NeJv7pZYpUvprZD/6pm/IwToCFdLLeTwSGCGex4C6XjIIYakKo5PoDTPtEEgo6vLyO5ut//D9plEz72CxflYuV82lIObSL9tABstEJqqBLVEV1RFGMHtAjejLujWfjxXidtM4Z05kd9APG2yckiZu4</latexit>qwTa
<latexit sha1_base64="PJrjos+pOl1yx74jy/+e8algHz0="></latexit>

d�SCET

dpT,1 d⌘1 d⌘2 dqT

= qT

Z
d2~bT
2⇡
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COMPARE

• Full qT performs better
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MULTIJET CASES

• x/y now means perpendicular/parallel to a jet

pT,J1

qx

��

pT,J2

<latexit sha1_base64="0gMtzx2w3+qOvFPAFWnu3Ha4N+w=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgtSEmkPpZFN9JVBfuAJoTJdNIOnTyYmagl5Ef8D/du9Q/Enbhw4z84TbOwrQcuHM65l3vvcSNGhTSMd21peWV1bb2wUdzc2t7Z1ff22yKMOSYtHLKQd10kCKMBaUkqGelGnCDfZaTjjq4nfueecEHD4E6OI2L7aBBQj2IkleToNctHcigwTxpp2XUeKxang6FEnIcPcNZLrIjw6KSRVhy9ZFSNDHCRmDkpgRxNR/+2+iGOfRJIzJAQPdOIpJ0gLilmJC1asSARwiM0ID1FA+QTYSfZdyk8VkofeiFXFUiYqX8nEuQLMfZd1ZndO+9NxH+9icKFJ+b2S+/STmgQxZIEeLreixmUIZwECPuUEyzZWBGEOVUfQDxEHGGpYi6qaMz5IBZJ+7RqnlfPbmul+lUeUgEcgiNQBia4AHVwA5qgBTB4Ai/gFbxpz9qH9ql9TVuXtHzmAMxA+/kF36SsIg==</latexit>

J (bx) ! J (b?,J)

<latexit sha1_base64="xKhCmUArTvRldtN6znLACh44lHo=">AAACLHicbVDLSsNAFJ3UV62vqks3g0XQhSURX0vRjbiq0BeYECbTiR06mcSZG6GEfoX/4d6t/oIbEbfiZzhtQ9HqgQuHc87lck+QCK7Btt+swszs3PxCcbG0tLyyulZe32jqOFWUNWgsYtUOiGaCS9YADoK1E8VIFAjWCnoXQ791z5TmsaxDP2FeRG4lDzklYCS/vO/eM5rdDfz6vtslkMmBf7U7YS7txIAnkT2/XLGr9gj4L3FyUkE5an75y+3ENI2YBCqI1jeOnYCXEQWcCjYoualmCaE9cstuDJUkYtrLRm8N8I5ROjiMlRkJeKT+3MhIpHU/CkwyItDV095Q/NcbKkqHeuo+hKdexmWSApN0fD5MBYYYD5vDHa4YBdE3hFDFzQeYdokiFEy/JVONM13EX9I8qDrH1aPrw8rZeV5SEW2hbbSLHHSCztAlqqEGougBPaFn9GI9Wq/Wu/UxjhasfGcT/YL1+Q0eLqk6</latexit>

~qT � n̂J(n̂J · ~qT )
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~qT• Soft function: { Outside jet:

Inside jet J:

V

pT,J2

pT,J1

-pT,V

qT

• Jet function:

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



SIMPLIFICATIONS

• Soft function can be refactorised

• Purpose is not to resum, but to simplify

• Global soft function only depends on dipoles

• CS function only depends on dipole and jet kinematics

•                restored by including subleading terms<latexit sha1_base64="QmcKfVtA6AgOi0fV3P0+OIAYQs4=">AAACEnicdVDLTsJAFJ3iC/FVZelmIjHBDWkRfOyIbtyJRpCENmQ6TGHCTNvMTE2ahr9w71Z/wZ1x6w/4B36GU8BEUU9yk5Nz7s2993gRo1JZ1ruRW1hcWl7JrxbW1jc2t8ztnbYMY4FJC4csFB0PScJoQFqKKkY6kSCIe4zceqPzzL+9I0LSMLhRSURcjgYB9SlGSks9s3jtSModjtQQI5Zejsv2Qc8sWZXDar12asHfxK5YE5TADM2e+eH0QxxzEijMkJRd24qUmyKhKGZkXHBiSSKER2hAupoGiBPpppPjx3BfK33oh0JXoOBE/T6RIi5lwj3dmV0p571M/NPLFCF9Obdf+SduSoMoViTA0/V+zKAKYZYP7FNBsGKJJggLqj+AeIgEwkqnWNDRfP0P/yftasU+qtSvaqXG2SykPNgFe6AMbHAMGuACNEELYJCAB/AInox749l4MV6nrTljNlMEP2C8fQLNep4R</latexit>

R ⇠ O(1)



LEPTON NNLO

• No gluon jet function needed for lepton collisions



 CONCLUSION

• Azimuthal decorrelation is a really nice observable

• Radial decorrelation isn’t

• The WTA axis salvages qT-slicing for jets

• Planar slicing is simple, non-planar less so



THANK YOU!



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         
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[Chang, Procura, Thaler,  Waalewijn, ’13]
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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
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[Chiu, Jain, Neill, Rothstein, ’12]

[Arnold, Reno, ’89]
[Becher, Lorentzen, Schwartz, ’12]
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See also [Gao, Li, Moult, Zhu, ’19]



BACKUP TRIVIA
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• pT-weighted jet recombination:
<latexit sha1_base64="K7Jhv3fV+G5U9MxZtWdjdazzGVk="></latexit>

pT,r = pT,i + pT,j ,
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yr = (pnT,iyi + pnT,jyj)/(p
n
T,i + pnT,j),
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n ! 1

• Linear polarisation:
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GIANT K-FACTORS

• Large matching corrections for high-pT jets

• Electroweak corrections to dijet decorrelation

0 20 40 60 80 100 120 140 160
[deg]

12
��

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

]
-1

[d
eg

12��d
�d

�1

55 GeV> 
T,J

p> 65 GeV

495 GeV> 
T,J

p> 505 GeV

995 GeV> 
T,J

p> 1005 GeV

collinear back to back

+XWTAZ+J�pp, LHC13TeV

|<2.0, R=    0.5
J
�|

(V+jet) (dijet)


