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Most energetic/leading parton

Q

Jet quenching and energy loss

z2

zn

. . .
All other gluon 
emissions are soft

Energy loss

<latexit sha1_base64="QZghTm9oUMuPCdCo5GH9k5TZ5f4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCF0NSSm0PQtGLxwrWFtoQNttNu3SzCbsbsQ35K148KOLVP+LNf+OmraCiDwYe780wM8+PGZXKtj+Mwsrq2vpGcbO0tb2zu2ful29llAhMOjhikej5SBJGOekoqhjpxYKg0Gek608uc797R4SkEb9R05i4IRpxGlCMlJY8szzz0oEIIYukzM6d05nneGbFtppNp9Gow5xU7ZoDF0q1CR3LnqMClmh75vtgGOEkJFxhhqTsO3as3BQJRTEjWWmQSBIjPEEj0teUo5BIN53fnsFjrQxhEAldXMG5+n0iRaGU09DXnSFSY/nby8W/vH6igoabUh4ninC8WBQkDKoI5kHAIRUEKzbVBGFB9a0Qj5FAWOm4SjqEr0/h/+S2ajl1q3pdq7QulnEUwSE4AifAAWegBa5AG3QABvfgATyBZyMzHo0X43XRWjCWMwfgB4y3T+filGA=</latexit>

zloss = 1� z1

• Soft & collinear limit

• Medium induced effects see e.g. Gyulassy, Wang `93, Baier, Dokshitzer, Mueller, Peigne, Schiff `96, Zakharov `96

<latexit sha1_base64="CwGdNqYve6RRyfiqlx+WfHk2m88=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1mm6EogguW7APaEOYTCft0MmDmYlSYz7FjQtF3Pol7vwbJ20FFT1w4XDOvdx7jxczKqRpfmiFpeWV1bXiemljc2t7Ry/vdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveGcEGj8FpOY+IEaBRSn2IkleTq5TvXOhv4HOH00rWytJW5esU0zOqxbdVgTsyTmpkTy7brVWgZ5gwVsEDT1d8HwwgnAQklZkiIvmXG0kkRlxQzkpUGiSAxwhM0In1FQxQQ4aSz0zN4qJQh9COuKpRwpn6fSFEgxDTwVGeA5Fj89nLxL6+fSL/upDSME0lCPF/kJwzKCOY5wCHlBEs2VQRhTtWtEI+RykGqtEoqhK9P4f+kUzWsU6PaqlUa54s4imAfHIAjYAEbNMAVaII2wOAWPIAn8Kzda4/ai/Y6by1oi5k98APa2ycQoZPm</latexit>

z1 =
E1

Q
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zi�2 ⌧ 1

Wiedemann `00, Gyulassy, Levai, Vitev `01, Arnold, Moore, Yaffe `02

<latexit sha1_base64="ib3w58XJiuPKeSiVBbF0ZaH/o90=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBFchaS2NVkIRTcuK9gHtCVMppN26OThzESsIb/ixoUibv0Rd/6Nk7aCih64cDjnXu69x4sZFdI0P7Sl5ZXVtfXCRnFza3tnV98rtUWUcExaOGIR73pIEEZD0pJUMtKNOUGBx0jHm1zkfueWcEGj8FpOYzII0CikPsVIKsnVS2d9kQRuSvsjcgMr2b1LXb1sGo59UrMdqIhTterVnNhOrW5ByzBnKIMFmq7+3h9GOAlIKDFDQvQsM5aDFHFJMSNZsZ8IEiM8QSPSUzREARGDdHZ7Bo+UMoR+xFWFEs7U7xMpCoSYBp7qDJAci99eLv7l9RLp24OUhnEiSYjni/yEQRnBPAg4pJxgyaaKIMypuhXiMeIISxVXUYXw9Sn8n7QrhlU3KlfVcuN8EUcBHIBDcAwscAoa4BI0QQtgcAcewBN41jLtUXvRXuetS9piZh/8gPb2CWHflLI=</latexit>
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zi
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zloss = 1� z1
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Rjet
AA =

d�PbPb!jet+X

hTAAi d�pp!jet+X

ALICE, PRC 101 (2020) 034911

• Experimental results

Jet quenching and energy loss

Similarly at the EIC

• Indirect measurements of energy loss

• Soft & collinear approximation not applicable
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Most energetic/leading parton

Q

Can we measure energy loss more directly?

z2

zn

. . .

• No requirement that 
gluons are soft

• Flavor changes

Energy loss
<latexit sha1_base64="QZghTm9oUMuPCdCo5GH9k5TZ5f4=">AAAB+3icdVBNS8NAEN3Ur1q/Yj16WSyCF0NSSm0PQtGLxwrWFtoQNttNu3SzCbsbsQ35K148KOLVP+LNf+OmraCiDwYe780wM8+PGZXKtj+Mwsrq2vpGcbO0tb2zu2ful29llAhMOjhikej5SBJGOekoqhjpxYKg0Gek608uc797R4SkEb9R05i4IRpxGlCMlJY8szzz0oEIIYukzM6d05nneGbFtppNp9Gow5xU7ZoDF0q1CR3LnqMClmh75vtgGOEkJFxhhqTsO3as3BQJRTEjWWmQSBIjPEEj0teUo5BIN53fnsFjrQxhEAldXMG5+n0iRaGU09DXnSFSY/nby8W/vH6igoabUh4ninC8WBQkDKoI5kHAIRUEKzbVBGFB9a0Qj5FAWOm4SjqEr0/h/+S2ajl1q3pdq7QulnEUwSE4AifAAWegBa5AG3QABvfgATyBZyMzHo0X43XRWjCWMwfgB4y3T+filGA=</latexit>

zloss = 1� z1

• Beyond the soft approximation

<latexit sha1_base64="CwGdNqYve6RRyfiqlx+WfHk2m88=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1mm6EogguW7APaEOYTCft0MmDmYlSYz7FjQtF3Pol7vwbJ20FFT1w4XDOvdx7jxczKqRpfmiFpeWV1bXiemljc2t7Ry/vdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveGcEGj8FpOY+IEaBRSn2IkleTq5TvXOhv4HOH00rWytJW5esU0zOqxbdVgTsyTmpkTy7brVWgZ5gwVsEDT1d8HwwgnAQklZkiIvmXG0kkRlxQzkpUGiSAxwhM0In1FQxQQ4aSz0zN4qJQh9COuKpRwpn6fSFEgxDTwVGeA5Fj89nLxL6+fSL/upDSME0lCPF/kJwzKCOY5wCHlBEs2VQRhTtWtEI+RykGqtEoqhK9P4f+kUzWsU6PaqlUa54s4imAfHIAjYAEbNMAVaII2wOAWPIAn8Kzda4/ai/Y6by1oi5k98APa2ycQoZPm</latexit>

z1 =
E1

Q

<latexit sha1_base64="DHy80GoToGgTpIrhL6xEXHTMtbs=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuwiRW02XRjcsK9gFpKJPppB06mcSZiVBDP8ONC0Xc+jXu/BsnbQUVPXDhcM693HtPmHKmNEIf1tLyyuraemmjvLm1vbNb2dtvqySThLZIwhPZDbGinAna0kxz2k0lxXHIaSccXxZ+545KxRJxoycpDWI8FCxiBGsj+ff9nPWG9Ba6036limzknnpODRYEndVQQRzPq7vQsdEMVbBAs1957w0SksVUaMKxUr6DUh3kWGpGOJ2We5miKSZjPKS+oQLHVAX57OQpPDbKAEaJNCU0nKnfJ3IcKzWJQ9MZYz1Sv71C/MvzMx3Vg5yJNNNUkPmiKONQJ7D4Hw6YpETziSGYSGZuhWSEJSbapFQ2IXx9Cv8nbdd2zm33ulZtXCziKIFDcAROgAM80ABXoAlagIAEPIAn8Gxp69F6sV7nrUvWYuYA/ID19glPFJFJ</latexit>zi�2

• Need a well defined probability density

• This talk — vacuum energy loss

<latexit sha1_base64="+qMsqeBdHK+fLFqPv4Gt2Brb4iY=">AAAB8HicdVDLTgIxFO3gC/GFunTTSExwM5kBRNgR3bjERB4GJqRTOtDQdiZtxwQnfIUbFxrj1s9x599YBkzU6ElucnLOvbn3Hj9iVGnH+bAyK6tr6xvZzdzW9s7uXn7/oK3CWGLSwiELZddHijAqSEtTzUg3kgRxn5GOP7mc+507IhUNxY2eRsTjaCRoQDHSRrrty3FYvB+4p4N8wbGdUrlePYOGuPVypZySSrVWg67tpCiAJZqD/Ht/GOKYE6ExQ0r1XCfSXoKkppiRWa4fKxIhPEEj0jNUIE6Ul6QHz+CJUYYwCKUpoWGqfp9IEFdqyn3TyZEeq9/eXPzL68U6qHkJFVGsicCLRUHMoA7h/Hs4pJJgzaaGICypuRXiMZIIa5NRzoTw9Sn8n7RLtlu1S9eVQuNiGUcWHIFjUAQuOAcNcAWaoAUw4OABPIFnS1qP1ov1umjNWMuZQ/AD1tsnW8+QIw==</latexit>

⇢(z1)
<latexit sha1_base64="3MRYWS7iVBJzHm+EaEDxhNBxOLs="></latexit>

hz1i =
Z 1

0
dz1 z1⇢(z1)
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Requirements for energy loss measurements

1.    Well defined object which has lost energy

Leading jet, not inclusive jets

Energy not contained in the leading jet is lost
Q

zloss = 1� z1

<latexit sha1_base64="CwGdNqYve6RRyfiqlx+WfHk2m88=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1mm6EogguW7APaEOYTCft0MmDmYlSYz7FjQtF3Pol7vwbJ20FFT1w4XDOvdx7jxczKqRpfmiFpeWV1bXiemljc2t7Ry/vdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveGcEGj8FpOY+IEaBRSn2IkleTq5TvXOhv4HOH00rWytJW5esU0zOqxbdVgTsyTmpkTy7brVWgZ5gwVsEDT1d8HwwgnAQklZkiIvmXG0kkRlxQzkpUGiSAxwhM0In1FQxQQ4aSz0zN4qJQh9COuKpRwpn6fSFEgxDTwVGeA5Fj89nLxL6+fSL/upDSME0lCPF/kJwzKCOY5wCHlBEs2VQRhTtWtEI+RykGqtEoqhK9P4f+kUzWsU6PaqlUa54s4imAfHIAjYAEbNMAVaII2wOAWPIAn8Kzda4/ai/Y6by1oi5k98APa2ycQoZPm</latexit>

z1 =
E1

Q
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1.    Well defined object which has lost energy

Leading jet, not inclusive jets

Energy not contained in the leading jet is lost
Q

zloss = 1� z1

<latexit sha1_base64="CwGdNqYve6RRyfiqlx+WfHk2m88=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1mm6EogguW7APaEOYTCft0MmDmYlSYz7FjQtF3Pol7vwbJ20FFT1w4XDOvdx7jxczKqRpfmiFpeWV1bXiemljc2t7Ry/vdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveGcEGj8FpOY+IEaBRSn2IkleTq5TvXOhv4HOH00rWytJW5esU0zOqxbdVgTsyTmpkTy7brVWgZ5gwVsEDT1d8HwwgnAQklZkiIvmXG0kkRlxQzkpUGiSAxwhM0In1FQxQQ4aSz0zN4qJQh9COuKpRwpn6fSFEgxDTwVGeA5Fj89nLxL6+fSL/upDSME0lCPF/kJwzKCOY5wCHlBEs2VQRhTtWtEI+RykGqtEoqhK9P4f+kUzWsU6PaqlUa54s4imAfHIAjYAEbNMAVaII2wOAWPIAn8Kzda4/ai/Y6by1oi5k98APa2ycQoZPm</latexit>

z1 =
E1

Q

2.    Reference scale to define lost energy

Jet substructure,       -tagged jets, initial-state leptons�/Z

z1

Q = p�T

Requirements for energy loss measurements
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Requirements for energy loss measurements

1.    Well defined object which has lost energy

Leading jet, not inclusive jets

Energy not contained in the leading jet is lost
Q

zloss = 1� z1

<latexit sha1_base64="CwGdNqYve6RRyfiqlx+WfHk2m88=">AAAB+nicdVDLSsNAFJ3UV62vVJduBovgKiS1mm6EogguW7APaEOYTCft0MmDmYlSYz7FjQtF3Pol7vwbJ20FFT1w4XDOvdx7jxczKqRpfmiFpeWV1bXiemljc2t7Ry/vdkSUcEzaOGIR73lIEEZD0pZUMtKLOUGBx0jXm1zkfveGcEGj8FpOY+IEaBRSn2IkleTq5TvXOhv4HOH00rWytJW5esU0zOqxbdVgTsyTmpkTy7brVWgZ5gwVsEDT1d8HwwgnAQklZkiIvmXG0kkRlxQzkpUGiSAxwhM0In1FQxQQ4aSz0zN4qJQh9COuKpRwpn6fSFEgxDTwVGeA5Fj89nLxL6+fSL/upDSME0lCPF/kJwzKCOY5wCHlBEs2VQRhTtWtEI+RykGqtEoqhK9P4f+kUzWsU6PaqlUa54s4imAfHIAjYAEbNMAVaII2wOAWPIAn8Kzda4/ai/Y6by1oi5k98APa2ycQoZPm</latexit>

z1 =
E1

Q

2.    Reference scale to define lost energy

Jet substructure,       -tagged jets, initial-state leptons�/Z

z1

Q = p�T

3.    Identify at LL:    parton         jet energy loss

Similar to Bjorken xB in DIS.  As close to parton energy loss as allowed by QCD
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Outline

9

• Introduction

• Leading jet cross sections

• Energy loss

• Conclusions
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Inclusive jet cross sections

10

1

• NLO

0
0.80.60.40.20

2
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10

R = 0.7

<latexit sha1_base64="BBK/jz7jF4Bz0f2I0OKD2iuUkvw=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0xiNb0IRRE8tmDaQhvKZrtpl242YXcj1NDf4MWDIl79Qd78N27aCir6YODx3gwz84KEUaks68MoLC2vrK4V10sbm1vbO+XdvZaMU4GJh2MWi06AJGGUE09RxUgnEQRFASPtYHyV++07IiSN+a2aJMSP0JDTkGKktOTdX1yfNPvlimVazqlrV2FOrLOqlRPbdWsOtE1rhgpYoNEvv/cGMU4jwhVmSMqubSXKz5BQFDMyLfVSSRKEx2hIuppyFBHpZ7Njp/BIKwMYxkIXV3Cmfp/IUCTlJAp0Z4TUSP72cvEvr5uqsOZnlCepIhzPF4UpgyqG+edwQAXBik00QVhQfSvEIyQQVjqfkg7h61P4P2k5pn1uOs1qpX65iKMIDsAhOAY2cEEd3IAG8AAGFDyAJ/BscOPReDFe560FYzGzD37AePsEVgGOZA==</latexit>

z = E/Q

++

<latexit sha1_base64="B62rIdvG9ezB3l+x35HAMekf1VE=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71e0X70v161InSI67+QIykX3iWGWYEnRaRimxHKdiQ8tEMxTAArVu/r3Ti0gS0FARjqVsWyhW7gQLxQin01wnkTTGZIj7tK1piAMq3cns6Ck80koP+pHQFSo4U79PTHAg5TjwdGeA1UD+9lLxL6+dKL/iTlgYJ4qGZL7ITzhUEUwTgD0mKFF8rAkmgulbIRlggYnSOeV0CF+fwv9J0zatM9OulwvV80UcWXAADkERWMABVXAJaqABCLgDD+AJPBsj49F4MV7nrRljMbMPfsB4+wSBfpFM</latexit> J
g
(z
,Q

R
,µ

)
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z = E/Q<latexit sha1_base64="c4ZaJw/GPlAiMh4WzeuQQ0GJwbE=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0UQhJDEagpuim5cVrAPaUKZTCbt0EkmzEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee4KUUaks68MoLS2vrK6V1ysbm1vbO9XdvY7kmcCkjTnjohcgSRhNSFtRxUgvFQTFASPdYHxV+N17IiTlya2apMSP0TChEcVIaenuxLvwWMiVHFRrlmk5p65dhwWxzupWQWzXbTjQNq0ZamCB1qD67oUcZzFJFGZIyr5tpcrPkVAUMzKteJkkKcJjNCR9TRMUE+nns4On8EgrIYy40JUoOFO/T+QolnISB7ozRmokf3uF+JfXz1TU8HOapJkiCZ4vijIGFYfF9zCkgmDFJpogLKi+FeIREggrnVFFh/D1KfyfdBzTPjedm3qtebmIowwOwCE4BjZwQRNcgxZoAwxi8ACewLMhjEfjxXidt5aMxcw++AHj7ROk6pBU</latexit>

+ . . .

Dasgupta, Dreyer, Salam, Soyez `14
 Kaufmann, Mukherjee, Vogelsang `15

Kang, Ringer, Vitev `16
 Dai, Kim, Leibovich `16

Liu, Moch, Ringer `18, `19
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Q = 100 GeV
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Inclusive jet cross sections

11

• NLO
<latexit sha1_base64="eCnJNiQy7Xhn6O3fWFl03E+tBbs=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71WXF+1L9utQJkuNuvoBMZJ84VhmmBJ2WUUosx6nY0DLRDAWwQK2bf+/0IpIENFSEYynbFoqVO8FCMcLpNNdJJI0xGeI+bWsa4oBKdzI7egqPtNKDfiR0hQrO1O8TExxIOQ483RlgNZC/vVT8y2snyq+4ExbGiaIhmS/yEw5VBNMEYI8JShQfa4KJYPpWSAZYYKJ0Tjkdwten8H/StE3rzLTr5UL1fBFHFhyAQ1AEFnBAFVyCGmgAAu7AA3gCz8bIeDRejNd5a8ZYzOyDHzDePgGEmpFO</latexit>

Ji(z,QR, µ)

• QCD evolution
R = 0.7

<latexit sha1_base64="B62rIdvG9ezB3l+x35HAMekf1VE=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71e0X70v161InSI67+QIykX3iWGWYEnRaRimxHKdiQ8tEMxTAArVu/r3Ti0gS0FARjqVsWyhW7gQLxQin01wnkTTGZIj7tK1piAMq3cns6Ck80koP+pHQFSo4U79PTHAg5TjwdGeA1UD+9lLxL6+dKL/iTlgYJ4qGZL7ITzhUEUwTgD0mKFF8rAkmgulbIRlggYnSOeV0CF+fwv9J0zatM9OulwvV80UcWXAADkERWMABVXAJaqABCLgDD+AJPBsj49F4MV7nrRljMbMPfsB4+wSBfpFM</latexit> J
g
(z
,Q

R
,µ

)

<latexit sha1_base64="BBK/jz7jF4Bz0f2I0OKD2iuUkvw=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0xiNb0IRRE8tmDaQhvKZrtpl242YXcj1NDf4MWDIl79Qd78N27aCir6YODx3gwz84KEUaks68MoLC2vrK4V10sbm1vbO+XdvZaMU4GJh2MWi06AJGGUE09RxUgnEQRFASPtYHyV++07IiSN+a2aJMSP0JDTkGKktOTdX1yfNPvlimVazqlrV2FOrLOqlRPbdWsOtE1rhgpYoNEvv/cGMU4jwhVmSMqubSXKz5BQFDMyLfVSSRKEx2hIuppyFBHpZ7Njp/BIKwMYxkIXV3Cmfp/IUCTlJAp0Z4TUSP72cvEvr5uqsOZnlCepIhzPF4UpgyqG+edwQAXBik00QVhQfSvEIyQQVjqfkg7h61P4P2k5pn1uOs1qpX65iKMIDsAhOAY2cEEd3IAG8AAGFDyAJ/BscOPReDFe560FYzGzD37AePsEVgGOZA==</latexit>

z = E/Q

DGLAP like hadron 
fragmentation functions

<latexit sha1_base64="IST3NVLM7INtY0FqrG7YH3v7Ajo=">AAAB+XicdVDLSgNBEJz1bXytevQyGARPYTZG40UQPehRwTwgCWF20kmGzD6Y6RXDEr/EiwdFvPon3vwbZ5MIKlrQUFR1093lx0oaZOzDmZmdm19YXFrOrayurW+4m1tVEyVaQEVEKtJ1nxtQMoQKSlRQjzXwwFdQ8wfnmV+7BW1kFN7gMIZWwHuh7ErB0Upt170+8Ri7byLcYXoB1VHbzbMCKx6UvRLNCDsssYx45fJxkXoFNkaeTHHVdt+bnUgkAYQoFDem4bEYWynXKIWCUa6ZGIi5GPAeNCwNeQCmlY4vH9E9q3RoN9K2QqRj9ftEygNjhoFvOwOOffPby8S/vEaC3eNWKsM4QQjFZFE3URQjmsVAO1KDQDW0hAst7a1U9LnmAm1YORvC16f0f1ItFryjQvG6lD89m8axRHbILtknHimTU3JJrkiFCHJLHsgTeXZS59F5cV4nrTPOdGab/IDz9gny2ZM/</latexit>

Q = 100 GeV

R = 0.2

R = 0.5

Dasgupta, Dreyer, Salam, Soyez `14
 Kaufmann, Mukherjee, Vogelsang `15

Kang, Ringer, Vitev `16
 Dai, Kim, Leibovich `16

Liu, Moch, Ringer `18, `19
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Inclusive jet cross sections
• NLO

<latexit sha1_base64="eCnJNiQy7Xhn6O3fWFl03E+tBbs=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71WXF+1L9utQJkuNuvoBMZJ84VhmmBJ2WUUosx6nY0DLRDAWwQK2bf+/0IpIENFSEYynbFoqVO8FCMcLpNNdJJI0xGeI+bWsa4oBKdzI7egqPtNKDfiR0hQrO1O8TExxIOQ483RlgNZC/vVT8y2snyq+4ExbGiaIhmS/yEw5VBNMEYI8JShQfa4KJYPpWSAZYYKJ0Tjkdwten8H/StE3rzLTr5UL1fBFHFhyAQ1AEFnBAFVyCGmgAAu7AA3gCz8bIeDRejNd5a8ZYzOyDHzDePgGEmpFO</latexit>

Ji(z,QR, µ)

• QCD evolution
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R = 0.7

<latexit sha1_base64="B62rIdvG9ezB3l+x35HAMekf1VE=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71e0X70v161InSI67+QIykX3iWGWYEnRaRimxHKdiQ8tEMxTAArVu/r3Ti0gS0FARjqVsWyhW7gQLxQin01wnkTTGZIj7tK1piAMq3cns6Ck80koP+pHQFSo4U79PTHAg5TjwdGeA1UD+9lLxL6+dKL/iTlgYJ4qGZL7ITzhUEUwTgD0mKFF8rAkmgulbIRlggYnSOeV0CF+fwv9J0zatM9OulwvV80UcWXAADkERWMABVXAJaqABCLgDD+AJPBsj49F4MV7nrRljMbMPfsB4+wSBfpFM</latexit> J
g
(z
,Q

R
,µ

)

<latexit sha1_base64="IST3NVLM7INtY0FqrG7YH3v7Ajo=">AAAB+XicdVDLSgNBEJz1bXytevQyGARPYTZG40UQPehRwTwgCWF20kmGzD6Y6RXDEr/EiwdFvPon3vwbZ5MIKlrQUFR1093lx0oaZOzDmZmdm19YXFrOrayurW+4m1tVEyVaQEVEKtJ1nxtQMoQKSlRQjzXwwFdQ8wfnmV+7BW1kFN7gMIZWwHuh7ErB0Upt170+8Ri7byLcYXoB1VHbzbMCKx6UvRLNCDsssYx45fJxkXoFNkaeTHHVdt+bnUgkAYQoFDem4bEYWynXKIWCUa6ZGIi5GPAeNCwNeQCmlY4vH9E9q3RoN9K2QqRj9ftEygNjhoFvOwOOffPby8S/vEaC3eNWKsM4QQjFZFE3URQjmsVAO1KDQDW0hAst7a1U9LnmAm1YORvC16f0f1ItFryjQvG6lD89m8axRHbILtknHimTU3JJrkiFCHJLHsgTeXZS59F5cV4nrTPOdGab/IDz9gny2ZM/</latexit>

Q = 100 GeV

<latexit sha1_base64="BBK/jz7jF4Bz0f2I0OKD2iuUkvw=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0xiNb0IRRE8tmDaQhvKZrtpl242YXcj1NDf4MWDIl79Qd78N27aCir6YODx3gwz84KEUaks68MoLC2vrK4V10sbm1vbO+XdvZaMU4GJh2MWi06AJGGUE09RxUgnEQRFASPtYHyV++07IiSN+a2aJMSP0JDTkGKktOTdX1yfNPvlimVazqlrV2FOrLOqlRPbdWsOtE1rhgpYoNEvv/cGMU4jwhVmSMqubSXKz5BQFDMyLfVSSRKEx2hIuppyFBHpZ7Njp/BIKwMYxkIXV3Cmfp/IUCTlJAp0Z4TUSP72cvEvr5uqsOZnlCepIhzPF4UpgyqG+edwQAXBik00QVhQfSvEIyQQVjqfkg7h61P4P2k5pn1uOs1qpX65iKMIDsAhOAY2cEEd3IAG8AAGFDyAJ/BscOPReDFe560FYzGzD37AePsEVgGOZA==</latexit>

z = E/Q

d�pp!jet+X

d⌘dpT
=

X

ijk

fi/p ⌦ fj/p ⌦Hijk ⌦ Jk

• Factorization

1

Dasgupta, Dreyer, Salam, Soyez `14
 Kaufmann, Mukherjee, Vogelsang `15

Kang, Ringer, Vitev `16
 Dai, Kim, Leibovich `16

Liu, Moch, Ringer `18, `19
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Leading jet cross sections
• NLO

Dasgupta, Dreyer, Salam, Soyez `14
Scott, Waalewijn `19

Neill, Ringer, Sato `21

Leading jet function

or

Consider only the leading parton if 
they are clustered into separate jets

+

R = 0.7

<latexit sha1_base64="BBK/jz7jF4Bz0f2I0OKD2iuUkvw=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0xiNb0IRRE8tmDaQhvKZrtpl242YXcj1NDf4MWDIl79Qd78N27aCir6YODx3gwz84KEUaks68MoLC2vrK4V10sbm1vbO+XdvZaMU4GJh2MWi06AJGGUE09RxUgnEQRFASPtYHyV++07IiSN+a2aJMSP0JDTkGKktOTdX1yfNPvlimVazqlrV2FOrLOqlRPbdWsOtE1rhgpYoNEvv/cGMU4jwhVmSMqubSXKz5BQFDMyLfVSSRKEx2hIuppyFBHpZ7Njp/BIKwMYxkIXV3Cmfp/IUCTlJAp0Z4TUSP72cvEvr5uqsOZnlCepIhzPF4UpgyqG+edwQAXBik00QVhQfSvEIyQQVjqfkg7h61P4P2k5pn1uOs1qpX65iKMIDsAhOAY2cEEd3IAG8AAGFDyAJ/BscOPReDFe560FYzGzD37AePsEVgGOZA==</latexit>

z = E/Q

<latexit sha1_base64="IST3NVLM7INtY0FqrG7YH3v7Ajo=">AAAB+XicdVDLSgNBEJz1bXytevQyGARPYTZG40UQPehRwTwgCWF20kmGzD6Y6RXDEr/EiwdFvPon3vwbZ5MIKlrQUFR1093lx0oaZOzDmZmdm19YXFrOrayurW+4m1tVEyVaQEVEKtJ1nxtQMoQKSlRQjzXwwFdQ8wfnmV+7BW1kFN7gMIZWwHuh7ErB0Upt170+8Ri7byLcYXoB1VHbzbMCKx6UvRLNCDsssYx45fJxkXoFNkaeTHHVdt+bnUgkAYQoFDem4bEYWynXKIWCUa6ZGIi5GPAeNCwNeQCmlY4vH9E9q3RoN9K2QqRj9ftEygNjhoFvOwOOffPby8S/vEaC3eNWKsM4QQjFZFE3URQjmsVAO1KDQDW0hAst7a1U9LnmAm1YORvC16f0f1ItFryjQvG6lD89m8axRHbILtknHimTU3JJrkiFCHJLHsgTeXZS59F5cV4nrTPOdGab/IDz9gny2ZM/</latexit>

Q = 100 GeV

R = 0.2

R = 0.5

atFixed order

<latexit sha1_base64="R60SzTtdOWEcyPSdUfURkffBfx0=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFZO21nYhFEVw2YJ9SBvCZDpph04mYWYi1NCvcONCEbd+jjv/xmlaQUUPXDiccy/33uNFjEplWR9GZml5ZXUtu57b2Nza3snv7rVlGAtMWjhkoeh6SBJGOWkpqhjpRoKgwGOk440vZ37njghJQ36jJhFxAjTk1KcYKS3d3rv2+ZVrnzTdfMEyrWKpVjmFmti1UrmUknKlWoW2aaUogAUabv69PwhxHBCuMENS9mwrUk6ChKKYkWmuH0sSITxGQ9LTlKOASCdJD57CI60MoB8KXVzBVP0+kaBAykng6c4AqZH87c3Ev7xerPyqk1AexYpwPF/kxwyqEM6+hwMqCFZsognCgupbIR4hgbDSGeV0CF+fwv9Ju2jaFbPYLBfqF4s4suAAHIJjYIMzUAfXoAFaAIMAPIAn8GwI49F4MV7nrRljMbMPfsB4+wTCHI+/</latexit>

z1 = E1/Q

<latexit sha1_base64="7QGTA26E4yKXQIgdeGLu+VN1cCA=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSxChVKSttZ2V3QjrlqxD2hCmEyn7dDJg5mJUGMX/oobF4q49Tfc+TdO0woqeuDC4Zx7ufceN2RUSMP40BYWl5ZXVlNr6fWNza1tfWe3JYKIY9LEAQt4x0WCMOqTpqSSkU7ICfJcRtru6Hzqt28IFzTwr+U4JLaHBj7tU4ykkhx9P7YwYvBy4gyyt46Za1zlLC86dvSMkTcKxWr5BCpiVoulYkJK5UoFmnkjQQbMUXf0d6sX4MgjvsQMCdE1jVDaMeKSYkYmaSsSJER4hAakq6iPPCLsOLl/Ao+U0oP9gKvyJUzU7xMx8oQYe67q9JAcit/eVPzL60ayX7Fj6oeRJD6eLepHDMoATsOAPcoJlmysCMKcqlshHiKOsFSRpVUIX5/C/0mrkDfL+UKjlKmdzeNIgQNwCLLABKegBi5AHTQBBnfgATyBZ+1ee9RetNdZ64I2n9kDP6C9fQJ2AZUe</latexit> J g
(z

1
,Q

R
,µ

)
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Leading jet cross sections
• NLO

• QCD evolution

<latexit sha1_base64="FuIEBobMa/MVcYCHCPGbhE/ouVE="></latexit>

Jj (zj1, QR, µ)
<latexit sha1_base64="Bbu71avuNpFA+C+jDjVr0gb4t1s="></latexit>

Jk (zk1, QR, µ)

Non-linear DGLAP-type evolution

0.6

0.4

0.5

0.5

0.8

0.2

= 0.32

= 0.08

= 0.3

= 0.3

Jj (zj , p̂TR,µ)Jk (zk, p̂TR,µ)
Need to know about both branches
to determine the leading jet Dasgupta, Dreyer, Salam, Soyez `14

Scott, Waalewijn `19
Neill, Ringer, Sato `21

<latexit sha1_base64="JtJb0oUmkaRbpgvEdfI4XR6mM1U="></latexit>

µ
d

dµ
Ji (zi1, QR, µ)
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Ji (zi, p̂TiR,µ) Jj (zj , p̂TjR,µ)

15

Leading jet cross sections
• NLO • QCD evolution

Measurement at the end

Jj (zj)

Ji (zi)

• Factorization structure depends 
on the perturbative accuracy

• Similar for subleading jets
Dasgupta, Dreyer, Salam, Soyez `14

Scott, Waalewijn `19
Neill, Ringer, Sato `21

• Factorization

Here LO + LL’ accuracy
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Inclusive vs. leading jets

= z1 + z2 + z3
e.g.

<latexit sha1_base64="jbUV6n7hhovgWUsTLSOJtmwaaG8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4CkmU1t6KXjy2YD+gDWWz3bRrN5uwuxFK6S/w4kERr/4kb/4bN2kFFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXmd+6pVCwWt3qaUD/CI8FCRrA2UrM5KJUd2/EqjltDGXGqnpeTSu3cQ67t5CjDEo1B6b0/jEkaUaEJx0r1XCfR/gxLzQin82I/VTTBZIJHtGeowBFV/iw/dI5OjTJEYSxNCY1y9fvEDEdKTaPAdEZYj9VvLxP/8nqpDi/9GRNJqqkgi0VhypGOUfY1GjJJieZTQzCRzNyKyBhLTLTJpmhC+PoU/U/anu1WbK95Ua5fLeMowDGcwBm4UIU63EADWkCAwgM8wbN1Zz1aL9bronXFWs4cwQ9Yb5/51Y0R</latexit>

Q

• Jet function - number densities

• Momentum conservation
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Inclusive vs. leading jets

• Jet function - number densities

• Momentum conservation

= z1 + z2 + z3
e.g.

<latexit sha1_base64="jbUV6n7hhovgWUsTLSOJtmwaaG8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4CkmU1t6KXjy2YD+gDWWz3bRrN5uwuxFK6S/w4kERr/4kb/4bN2kFFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXmd+6pVCwWt3qaUD/CI8FCRrA2UrM5KJUd2/EqjltDGXGqnpeTSu3cQ67t5CjDEo1B6b0/jEkaUaEJx0r1XCfR/gxLzQin82I/VTTBZIJHtGeowBFV/iw/dI5OjTJEYSxNCY1y9fvEDEdKTaPAdEZYj9VvLxP/8nqpDi/9GRNJqqkgi0VhypGOUfY1GjJJieZTQzCRzNyKyBhLTLTJpmhC+PoU/U/anu1WbK95Ua5fLeMowDGcwBm4UIU63EADWkCAwgM8wbN1Zz1aL9bronXFWs4cwQ9Yb5/51Y0R</latexit>

Q

• Jet function - probability densities

1.   Normalized

2.   Positive

requires threshold resummation

<latexit sha1_base64="JgfsCudFTD+pzu2DFZOsJH3ShQQ="></latexit>Z 1

0
dz1Ji (z1, QR, µ) = 1

<latexit sha1_base64="JkkTPjDRdDDsIPmPgS0wH0XVYRY="></latexit>

Ji (z1, QR, µ) > 0
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Inclusive vs. leading jets

• Jet function - number densities

• Momentum conservation

= z1 + z2 + z3
e.g.

<latexit sha1_base64="jbUV6n7hhovgWUsTLSOJtmwaaG8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4CkmU1t6KXjy2YD+gDWWz3bRrN5uwuxFK6S/w4kERr/4kb/4bN2kFFX0w8Hhvhpl5QcKZ0o7zYa2srq1vbBa2its7u3v7pYPDtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaCyXXmd+6pVCwWt3qaUD/CI8FCRrA2UrM5KJUd2/EqjltDGXGqnpeTSu3cQ67t5CjDEo1B6b0/jEkaUaEJx0r1XCfR/gxLzQin82I/VTTBZIJHtGeowBFV/iw/dI5OjTJEYSxNCY1y9fvEDEdKTaPAdEZYj9VvLxP/8nqpDi/9GRNJqqkgi0VhypGOUfY1GjJJieZTQzCRzNyKyBhLTLTJpmhC+PoU/U/anu1WbK95Ua5fLeMowDGcwBm4UIU63EADWkCAwgM8wbN1Zz1aL9bronXFWs4cwQ9Yb5/51Y0R</latexit>

Q

• Jet function - probability densities

• Average energy loss

1.   Normalized

2.   Positive

requires threshold resummation

<latexit sha1_base64="JgfsCudFTD+pzu2DFZOsJH3ShQQ="></latexit>Z 1

0
dz1Ji (z1, QR, µ) = 1

<latexit sha1_base64="JkkTPjDRdDDsIPmPgS0wH0XVYRY="></latexit>

Ji (z1, QR, µ) > 0

<latexit sha1_base64="VRGnJVZo5Sylok5j8tdi3s9cDGI="></latexit>

= 1� hzlossi

<latexit sha1_base64="Kp+g/quGqlCuZZAUJwtCsls00gU="></latexit>Z 1

0
dz1z1Ji (z1, QR, µ) = hz1i



F. Ringer, LBNL Leading jet cross sections May 13 2021 19

Threshold resummation
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R = 0.7

<latexit sha1_base64="B62rIdvG9ezB3l+x35HAMekf1VE=">AAAB9HicdVBdSwJBFJ21L7Mvq8dehiQwkGV2s9ZHqZfoSSNN0EVmx1kdnP1oZlYw8Xf00kMRvfZjeuvfNKsGFXXgwuGce7n3Hi/mTCqEPozM0vLK6lp2PbexubW9k9/da8ooEYQ2SMQj0fKwpJyFtKGY4rQVC4oDj9Nbb3iR+rcjKiSLwhs1jqkb4H7IfEaw0pJ71e0X70v161InSI67+QIykX3iWGWYEnRaRimxHKdiQ8tEMxTAArVu/r3Ti0gS0FARjqVsWyhW7gQLxQin01wnkTTGZIj7tK1piAMq3cns6Ck80koP+pHQFSo4U79PTHAg5TjwdGeA1UD+9lLxL6+dKL/iTlgYJ4qGZL7ITzhUEUwTgD0mKFF8rAkmgulbIRlggYnSOeV0CF+fwv9J0zatM9OulwvV80UcWXAADkERWMABVXAJaqABCLgDD+AJPBsj49F4MV7nrRljMbMPfsB4+wSBfpFM</latexit> J
g
(z
,Q

R
,µ

)

<latexit sha1_base64="BBK/jz7jF4Bz0f2I0OKD2iuUkvw=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LBbBU0xiNb0IRRE8tmDaQhvKZrtpl242YXcj1NDf4MWDIl79Qd78N27aCir6YODx3gwz84KEUaks68MoLC2vrK4V10sbm1vbO+XdvZaMU4GJh2MWi06AJGGUE09RxUgnEQRFASPtYHyV++07IiSN+a2aJMSP0JDTkGKktOTdX1yfNPvlimVazqlrV2FOrLOqlRPbdWsOtE1rhgpYoNEvv/cGMU4jwhVmSMqubSXKz5BQFDMyLfVSSRKEx2hIuppyFBHpZ7Njp/BIKwMYxkIXV3Cmfp/IUCTlJAp0Z4TUSP72cvEvr5uqsOZnlCepIhzPF4UpgyqG+edwQAXBik00QVhQfSvEIyQQVjqfkg7h61P4P2k5pn1uOs1qpX65iKMIDsAhOAY2cEEd3IAG8AAGFDyAJ/BscOPReDFe560FYzGzD37AePsEVgGOZA==</latexit>

z = E/Q

<latexit sha1_base64="IST3NVLM7INtY0FqrG7YH3v7Ajo=">AAAB+XicdVDLSgNBEJz1bXytevQyGARPYTZG40UQPehRwTwgCWF20kmGzD6Y6RXDEr/EiwdFvPon3vwbZ5MIKlrQUFR1093lx0oaZOzDmZmdm19YXFrOrayurW+4m1tVEyVaQEVEKtJ1nxtQMoQKSlRQjzXwwFdQ8wfnmV+7BW1kFN7gMIZWwHuh7ErB0Upt170+8Ri7byLcYXoB1VHbzbMCKx6UvRLNCDsssYx45fJxkXoFNkaeTHHVdt+bnUgkAYQoFDem4bEYWynXKIWCUa6ZGIi5GPAeNCwNeQCmlY4vH9E9q3RoN9K2QqRj9ftEygNjhoFvOwOOffPby8S/vEaC3eNWKsM4QQjFZFE3URQjmsVAO1KDQDW0hAst7a1U9LnmAm1YORvC16f0f1ItFryjQvG6lD89m8axRHbILtknHimTU3JJrkiFCHJLHsgTeXZS59F5cV4nrTPOdGab/IDz9gny2ZM/</latexit>

Q = 100 GeV

R = 0.2

R = 0.5

Divergent and can be negative
depending on the value of R

• Without threshold resummation:

<latexit sha1_base64="c4ZaJw/GPlAiMh4WzeuQQ0GJwbE=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0UQhJDEagpuim5cVrAPaUKZTCbt0EkmzEyEEvoVblwo4tbPceffOGkrqOiBC4dz7uXee4KUUaks68MoLS2vrK6V1ysbm1vbO9XdvY7kmcCkjTnjohcgSRhNSFtRxUgvFQTFASPdYHxV+N17IiTlya2apMSP0TChEcVIaenuxLvwWMiVHFRrlmk5p65dhwWxzupWQWzXbTjQNq0ZamCB1qD67oUcZzFJFGZIyr5tpcrPkVAUMzKteJkkKcJjNCR9TRMUE+nns4On8EgrIYy40JUoOFO/T+QolnISB7ozRmokf3uF+JfXz1TU8HOapJkiCZ4vijIGFYfF9zCkgmDFJpogLKi+FeIREggrnVFFh/D1KfyfdBzTPjedm3qtebmIowwOwCE4BjZwQRNcgxZoAwxi8ACewLMhjEfjxXidt5aMxcw++AHj7ROk6pBU</latexit>

+ . . .

• Jet function

• Additional threshold logarithms 
in the hard function

<latexit sha1_base64="HWEfstxwt4UARyDw5Gm0V/jEY/g="></latexit>

�↵s
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+

<latexit sha1_base64="UI0A6joHFNyIdFxryEkiSVD9aAk=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwFZLUPtwV3RRXFewD2hgm00k7dJIJMxOllP6HGxeKuPVf3Pk3TtIKKnrgwuGce7n3Hj9mVCrL+jByK6tr6xv5zcLW9s7uXnH/oCN5IjBpY8646PlIEkYj0lZUMdKLBUGhz0jXn1ymfveOCEl5dKOmMXFDNIpoQDFSWrptenTAFQ2JhFce9Yoly7SccrVSgSlx7PJ5Rqy6VYO2aWUogSVaXvF9MOQ4CUmkMENS9m0rVu4MCUUxI/PCIJEkRniCRqSvaYT0IneWXT2HJ1oZwoALXZGCmfp9YoZCKaehrztDpMbyt5eKf3n9RAV1d0ajOFEkwotFQcKg4jCNAA6pIFixqSYIC6pvhXiMBMJKB1XQIXx9Cv8nHce0q6ZzfVZqXCzjyIMjcAxOgQ1qoAGaoAXaAAMBHsATeDbujUfjxXhdtOaM5cwh+AHj7RNgaZJz</latexit>

Hi ⌦ Ji

• Requires joint resummation
<latexit sha1_base64="Gdwlf75wXeCN/eiCZZV3OsyV5JI=">AAAB+nicdVDLSsNAFJ3UV62vVpduBovgKiSpfbgrunFZxT6gactkOm2HTiZhZqKU2E9x40IRt36JO//GSVpBRQ9cOJxzL/fe44WMSmVZH0ZmZXVtfSO7mdva3tndyxf2WzKIBCZNHLBAdDwkCaOcNBVVjHRCQZDvMdL2pheJ374lQtKA36hZSHo+GnM6ohgpLQ3yBRexcIIGss9dxvscXg/yRcu0nFKlXIYJcezSWUqsmlWFtmmlKIIlGoP8uzsMcOQTrjBDUnZtK1S9GAlFMSPznBtJEiI8RWPS1ZQjn8henJ4+h8daGcJRIHRxBVP1+0SMfClnvqc7faQm8reXiH953UiNar2Y8jBShOPFolHEoApgkgMcUkGwYjNNEBZU3wrxBAmElU4rp0P4+hT+T1qOaVdM5+q0WD9fxpEFh+AInAAbVEEdXIIGaAIM7sADeALPxr3xaLwYr4vWjLGcOQA/YLx9AkexlAc=</latexit>

↵n
s lnn R

<latexit sha1_base64="WJQY5xG5NObgoDLDtTwKEmR+3xo="></latexit>

, ↵n
s ln2n(1� z)

Sterman `86, Catani, Trentadue `89
Dai, Kim, Leibovich `17 

Liu, Moch, Ringer `17, `18
Neill, Ringer, Sato `21
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Parton shower
• Use a parton shower to solve the non-linear 

evolution equations for leading jets

1.   Set up a DGLAP parton shower

2.   Include (threshold) resummed jet & hard functions

3.   Measure leading jets at the end

• Not a multi-purpose parton shower but we can achieve full 
agreement with analytical calculations for inclusive jets     

    parton shower provides a systematic extension to leading jets

Neill, Ringer, Sato `21

Hi ⌦D
h
i

Ji

<latexit sha1_base64="1GvwoqY5SjgZ1wrlhKVM9wT8rmM=">AAAB7XicdVBNS8NAEN34WetX1aOXxSJ4Cklba3srevFYwX5AG8pms2nXbrJhdyKU0v/gxYMiXv0/3vw3btMKKvpg4PHeDDPz/ERwDY7zYa2srq1vbOa28ts7u3v7hYPDtpapoqxFpZCq6xPNBI9ZCzgI1k0UI5EvWMcfX839zj1Tmsv4FiYJ8yIyjHnIKQEjtfsikKAHhaJjO6VyvXqODXHr5Uo5I5VqrYZd28lQREs0B4X3fiBpGrEYqCBa91wnAW9KFHAq2CzfTzVLCB2TIesZGpOIaW+aXTvDp0YJcCiVqRhwpn6fmJJI60nkm86IwEj/9ubiX14vhbDmTXmcpMBiulgUpgKDxPPXccAVoyAmhhCquLkV0xFRhIIJKG9C+PoU/0/aJdut2qWbSrFxuYwjh47RCTpDLrpADXSNmqiFKLpDD+gJPVvSerRerNdF64q1nDlCP2C9fQImXI+H</latexit> ..
.
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Outline
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• Introduction

• Leading jet cross sections

• Energy loss

• Conclusions
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Leading jets in e+e- collisions

• Hemisphere jets

Inclusive

Leading
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Jet energy loss

• Average leading jet energy

<latexit sha1_base64="gsMAol3YMT+H77kxOQOxQslGbr8="></latexit>

hzlossi = 1� hz1i

• Average energy loss

• Mean, variance, KL divergence …
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Event-wide leading jets in e+e- collisions

• Existing measurements from OPAL



F. Ringer, LBNL Conclusions May 13 2021 25

• Introduction

• Leading jet cross sections

• Energy loss

• Conclusions

Outline
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Further applications

26

• Jet substructure observables

• Quark/gluon tagging

• Statistical quantities like the variance, KL divergence

• Di/tri-jet observables

• Leading and subleading hadrons

• Starting point for eA/AA energy loss

• First results will come out soon from ALICE

• EIC is ideally suited for energy loss measurements


