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SCET Basics (Light-cone Coordinate & Power Counting)
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SCET Basics (Light-cone Coordinate & Power Counting)
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! Soft (Eikonal) limit

SCET Basics (Soft Radiation)
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Eikonal Factor:

n ⌘ p
|p| ,�gs

n · ✏⇤(k)
n · k

! Soft (Eikonal) limit

SCET Basics (Soft Radiation)

 5

p

k

M
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SCET Basics (Collinear Splitting)
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! Quark FFJ:
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[L. Dai, C. Kim, A. Leibovich, PRD 94, 114023 (2016)

Fragmentation Function to a Jet (FFJ)
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NLO Calculations of FFJ
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! Phase space constraints:

[L. Dai, C. Kim, A. Leibovich, PRD 94, 114023 (2016)
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NLO Calculations of FFJ
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[L. Dai, C. Kim, A. Leibovich, PRD 94, 114023 (2016)
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NLO: Quark FFJ
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! f(0) = 5/2 ! 2⇡2/3, g(0) = 0.
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!  Jet scale:                                    (m→0 limit) µ2
J = E 2

J R!2 + m2
<latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit>

! f(0) = 5/2 ! 2⇡2/3, g(0) = 0.
<latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit>
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! Quark to quark Jet (in+out contribution):
DJ Q /Q (z; ER!, m, µ) = ! (1 ! z) +

" sCF

2#

!

! (1 ! z)
"
f

# m2

E 2
J R!2

$
+ g

# m2

E 2
J R!2

$%

+
&1 + z2

1 ! z

'

+
ln

µ2

E 2
J R!2 + m2 !

&
2

1 + z2

1 ! z
ln(1 ! z) + 1 ! z

'

+

!
& 2z

1 ! z

'

+

m2

E 2
J R!2 + m2

(

<latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit>

Pqq(z) = CF

! 3
2

! (1 � z) +
1 + z2

(1 � z)+

"
! RG:

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

!  Jet scale:                                    (m→0 limit) µ2
J = E 2

J R!2 + m2
<latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit>

! f(0) = 5/2 ! 2⇡2/3, g(0) = 0.
<latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit>
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! Quark to quark Jet (in+out contribution):
DJ Q /Q (z; ER!, m, µ) = ! (1 ! z) +

" sCF
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!

! (1 ! z)
"
f

# m2

E 2
J R!2

$
+ g

# m2

E 2
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+
&1 + z2

1 ! z

'

+
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1 ! z
ln(1 ! z) + 1 ! z

'
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'

+

m2

E 2
J R!2 + m2

(

<latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit><latexit sha1_base64="0671Ntm8bH1E5Cgxmg51chYb5hA="></latexit>

Pqq(z) = CF

! 3
2

! (1 � z) +
1 + z2

(1 � z)+

"
! RG:

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

d
d ln µ

DJ l /k (x, µ) =
! s(µ)

"

! 1

x

dz
z

Plm (z)DJ m /k (x/z, µ )

DJ l /k! Similarly for other FFJs DGLAP

!  Jet scale:                                    (m→0 limit) µ2
J = E 2

J R!2 + m2
<latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit><latexit sha1_base64="pjVQk7MvT2NBNuKqgjd1S69bvbk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1hEQShJEHQjFEWQrqrYB7RJmEyn7dCZJMxMhBKKG3/FjQtF3PoV7vwbp20W2nrgwuGce7n3niBmVCrL+jZyC4tLyyv51cLa+sbmlrm9U5dRIjCp4YhFohkgSRgNSU1RxUgzFgTxgJFGMLga+40HIiSNwns1jInLUS+kXYqR0pJv7rV54lc8B17Aaz+tjDzn7shzTrjn+GbRKlkTwHliZ6QIMlR986vdiXDCSagwQ1K2bCtWboqEopiRUaGdSBIjPEA90tI0RJxIN528MIKHWunAbiR0hQpO1N8TKeJSDnmgOzlSfTnrjcX/vFaiuuduSsM4USTE00XdhEEVwXEesEMFwYoNNUFYUH0rxH0kEFY6tYIOwZ59eZ7UnZJtlezb02L5MosjD/bBATgGNjgDZXADqqAGMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEHzJVA</latexit>

! f(0) = 5/2 ! 2⇡2/3, g(0) = 0.
<latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit><latexit sha1_base64="5cn0HaGbQd4Z1PxbnDsYtZ0pi/0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQdMkKroRim5cVrAPaGOZTCft0MmDmYlQQgU3/oobF4q49SPc+TdO2iy09cCFwzn3cu89bsSokKb5reUWFpeWV/KrhbX1jc0tfXunIcKYY1LHIQt5y0WCMBqQuqSSkVbECfJdRpru8Cr1m/eECxoGt3IUEcdH/YB6FCOppK5e9MrmwcVpxT6yOxG9syvHhw+wn2qm0dVLpmFOAOeJlZESyFDr6l+dXohjnwQSMyRE2zIj6SSIS4oZGRc6sSARwkPUJ21FA+QT4SSTJ8ZwXyk96IVcVSDhRP09kSBfiJHvqk4fyYGY9VLxP68dS+/cSWgQxZIEeLrIixmUIUwTgT3KCZZspAjCnKpbIR4gjrBUuRVUCNbsy/OkYRuWaVg3J6XqZRZHHhTBHigDC5yBKrgGNVAHGDyCZ/AK3rQn7UV71z6mrTktm9kFf6B9/gCwRJRG</latexit>
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! Gluon to quark Jet (out-jet contribution):

DJ Q /g (z; ER!, m, µ) =
! s

2"

!
z2 + (1 ! z)2

2
ln

µ2

(1 ! z)2E 2
J R!2 + m2

! z(1 ! z)
z2(1 ! z)2q2

+ t2

(1 ! z)2E 2
J R!2 + m2

"

<latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="x4X++VOGL7GPm9KVF/HtDHAt40w="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit>

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

pJ

k

pJ ! k

pJ

pJ + k

k
(a) (b)

önJ! < R !
! > R !

In-jet Out-jet
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! Gluon to quark Jet (out-jet contribution):

DJ Q /g (z; ER!, m, µ) =
! s

2"

!
z2 + (1 ! z)2

2
ln

µ2

(1 ! z)2E 2
J R!2 + m2

! z(1 ! z)
z2(1 ! z)2q2

+ t2

(1 ! z)2E 2
J R!2 + m2

"

<latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="x4X++VOGL7GPm9KVF/HtDHAt40w="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit>

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

pJ

k

pJ ! k

pJ

pJ + k

k
(a) (b)

önJ! < R !
! > R !

In-jet Out-jet

! m→0 limit: ln
!
(1 ! z)2E 2

J R!2"
<latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit>

[L. Dai, C. Kim, A. Leibovich, PRD, 1701.05660]
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! Gluon to quark Jet (out-jet contribution):

DJ Q /g (z; ER!, m, µ) =
! s

2"

!
z2 + (1 ! z)2

2
ln

µ2

(1 ! z)2E 2
J R!2 + m2

! z(1 ! z)
z2(1 ! z)2q2

+ t2

(1 ! z)2E 2
J R!2 + m2

"

<latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="x4X++VOGL7GPm9KVF/HtDHAt40w="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit>

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

! Gluon to quark Jet (In-jet contribution): ! (1 ! z)M In
g! Q øQ (EJ R", m)

<latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit>

M In
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JR
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JR
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"

<latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit>

pJ

k

pJ ! k

pJ

pJ + k

k
(a) (b)

önJ! < R !
! > R !

In-jet Out-jet

! m→0 limit: ln
!
(1 ! z)2E 2

J R!2"
<latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit>

[L. Dai, C. Kim, A. Leibovich, PRD, 1701.05660]
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! Gluon to quark Jet (out-jet contribution):

DJ Q /g (z; ER!, m, µ) =
! s

2"

!
z2 + (1 ! z)2

2
ln

µ2

(1 ! z)2E 2
J R!2 + m2

! z(1 ! z)
z2(1 ! z)2q2

+ t2

(1 ! z)2E 2
J R!2 + m2

"

<latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="ksUirkfNNQOzoQ8bpHnEJQprxiY="></latexit><latexit sha1_base64="x4X++VOGL7GPm9KVF/HtDHAt40w="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit><latexit sha1_base64="F/oAyCKtTBn1ShPB1h+Cc2TvZlQ="></latexit>

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

! Gluon to quark Jet (In-jet contribution): ! (1 ! z)M In
g! Q øQ (EJ R", m)

<latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit><latexit sha1_base64="lGahVyupnRDDsuTId2K62nKhBrs=">AAACGHicbVDNSgMxGMz6W+vfqkcvwSK2oHVXBD0WRVBBaMVqoVuXbJrWYJJdkqxQl30ML76KFw+KeO3NtzFt96DWgcAw8318mQkiRpV2nC9rYnJqemY2N5efX1hcWrZXVq9VGEtM6jhkoWwESBFGBalrqhlpRJIgHjByE9wfD/ybByIVDcWV7kWkxVFX0A7FSBvJt3e9NmEaFd2dx9KFn3Q9HcKaFyCZ1NL0NvEkh2ciLZ745/Bya5uXfLvglJ0h4DhxM1IAGaq+3ffaIY45ERozpFTTdSLdSpDUFDOS5r1YkQjhe9QlTUMF4kS1kmGwFG4apQ07oTRPaDhUf24kiCvV44GZ5Ejfqb/eQPzPa8a6c9hKqIhiTQQeHerEDJr0g5Zgm0qCNesZgrCk5q8Q3yGJsDZd5k0J7t/I4+R6r+w6Zbe2X6gcZXXkwDrYAEXgggNQAaegCuoAgyfwAt7Au/VsvVof1udodMLKdtbAL1j9bxDtnn4=</latexit>

M In
g! QQ̄(EJR
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ln
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JR
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m2
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m2

E2
JR
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m2

E2
JR
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"

<latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit><latexit sha1_base64="cyZnogbhs1PuvQNnn+LIKyLPZbU="></latexit>

pJ

k

pJ ! k

pJ

pJ + k

k
(a) (b)

önJ! < R !
! > R !

In-jet Out-jet

! m→0 limit: ln
!
(1 ! z)2E 2

J R!2"
<latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit><latexit sha1_base64="dNlAocuKrN6uAqD0T6jfA6R00bA=">AAACDXicbZDLSgMxFIYz9VbrrerSTbCKdWGZKYIuiyKIqyr2Ap1pyaSZNjSTGZIzQi19ATe+ihsXirh17863Mb0stPpD4OM/53Byfj8WXINtf1mpufmFxaX0cmZldW19I7u5VdVRoiir0EhEqu4TzQSXrAIcBKvHipHQF6zm985H9dodU5pH8hb6MfNC0pE84JSAsVrZPVdI7AoWQAPnnaP7w2YRX7SumsWbA0Ou4p0ueK1szi7YY+G/4Ewhh6Yqt7KfbjuiScgkUEG0bjh2DN6AKOBUsGHGTTSLCe2RDmsYlCRk2huMrxnifeO0cRAp8yTgsftzYkBCrfuhbzpDAl09WxuZ/9UaCQSn3oDLOAEm6WRRkAgMER5Fg9tcMQqib4BQxc1fMe0SRSiYADMmBGf25L9QLRYcu+BcH+dKZ9M40mgH7aI8ctAJKqFLVEYVRNEDekIv6NV6tJ6tN+t90pqypjPb6Jesj29xRplC</latexit>

[L. Dai, C. Kim, A. Leibovich, PRD, 1701.05660]

! No scale dependence
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FFJ at jet scale (Mass effects, b quark)
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J = E 2

J R!2 + m2 = p2
T,J R2 + m2

Q
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FFbJ: have at least one b (anti-)quark in the jet

DGLAP:

DJb/s(x, µ) = DJb/b(x, µ) +DJb̄/b̄
(x, µ)
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Inclusive b-jet @ LHC

 14
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FFbJ

Inclusive b-jet @ LHC
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Inclusive b-jet production

 15[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]

Hab!iX at LO

µf = qT ,

µJ =

q
p

2
T,JR

2 +m
2
b .
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! Fragmentation Function to a Jet (FFJ) for heavy quark jets

! FFJ at NLO

! Mass effects of FFJs and applications

Summary

 16
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BACKUP
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Resum log( mb)

 18

LO+LL reproduces:

! s

2"

!
1
3

ln
p+2

J t2

m2

"
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FFbJ at 
hard scale
(qT):

[L. Dai, C. Kim, A. Leibovich, 1805.xxxxx]
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