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Fragmentation Function to a Jet (FFJ)
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[Y. Chien, Z. Kang, F. Ringer, I. Vitev, and 
H. Xing, JHEP05(2016)125]

[LD, C. Kim, and A. Leibovich, 
PhysRevD.94.114023(2016)]
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JFF, FJF FFJ
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FFJ near Threshold
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Threshold:

Supressed by (1-z),   q ! Jq + g
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ln(1-z) large



FFJ near Threshold
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- Work in the framework of SCET

- Adding a csoft mode to resume ln(1-z). Should scale as:
pcs =

�
p+cs, p

?
cs, p

�
cs

�
⇠ (1� z)EJ

�
1, R,R2

�
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[M. Procura W. Waalewijn, and L. Zeune, JHEP 02(2015) 117]

- In this talk, focus on heavy quark

FFJ



FFJ Definition

6[LD, C. Kim, and A. Leibovich, PhysRevD.94.114023(2016)]

- Generalization of FF

- LO: �(1� z)
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Integrating out Collinear Integration
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- Denominator of heavy Quark Propagator:
(p+ k)2 �m2 = k2 + 2p · k ⇡ 2p · k ⇠ 2mv
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- Integrate out collinear int. 

p2c ⇠ E2R2, p2cs ⇠ E2R2(1� z)2
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- v ⇠ p/mQ
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- bHQET:
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Integrating out Collinear Interaction
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(Integrating out collinear interaction) 

where, Csoft-Function

UV & Check massless limit

[LD, C. Kim, and A. Leibovich, 

JHEP09(2018)109]



CSoft Function Calculation
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pJ

k

pJ � k

pJ

pJ + k

k

(a) (b)

n̂J✓ < R0
✓ > R0NLO: In, out Jet



CSoft Function Calculation
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- Poles are UV

- Natural scale:

- Resum ln(1-z):



FJF Near Threshold

11[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



FJF Near Threshold
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DGLAP

ln(1-z) Resum

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Groomed FFJ
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- Soft drop:

- A new scale zcut (small like, 0.1) complicates factorization

- Near the threshold (1-z) < zcut, only in-jet frag. contribute

- Grooming Function scale indep.

[A. Larkoski, S. Marzani, G. Soyez, 

and J. Thaler, JHEP05(2014)146 ]



Groomed FFJ
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- Only plus distribution is left.

(NLO) 

- Massless limit:
- Heavy Quark, Infrared safe:  

ln(b)?



Groomed FFJ near Threshold
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- Threshold region:

- Csoft and CUSoft mode (             ):

- If

EJR ⇠ m
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Groomed FFJ near Threshold
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EJR ⇠ m
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<latexit sha1_base64="i4/cUDhtEQdFsJbyIAwJ0IEa0gs=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQF5ZEKroRim5cVrAPaEOYTCft0JlJmJmINeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn75baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfhm6nceiFQ0Evd6EhOPo6GgIcVIG8m3y32e+ClOVAavYNU9fTrhvl1xas4McJm4OamAHE3f/uoPIpxwIjRmSKme68TaS5HUFDOSlfqJIjHCYzQkPUMF4kR56ez2DB4bZQDDSJoSGs7U3xMp4kpNeGA6OdIjtehNxf+8XqLDSy+lIk40EXi+KEwY1BGcBgEHVBKs2cQQhCU1t0I8QhJhbeIqmRDcxZeXSfus5tZr53f1SuM6j6MIDsERqAIXXIAGuAVN0AIYPIJn8ArerMx6sd6tj3lrwcpnDsAfWJ8/XJiTWg==</latexit>
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<latexit sha1_base64="LCn6po741xJY1OEyeEkRfZixzDY=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKRY9FEcRTFfsB26Vk02wbmmSXZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewsrq2vlHcLG1t7+zulfcPWiZONWVNGotYd0JimOCKNYGDYJ1EMyJDwdrh6Hrqt5+YNjxWjzBOWCDJQPGIUwJW8m96dw+4a7jEsleuuFV3BrxMvJxUUI5Gr/zV7cc0lUwBFcQY33MTCDKigVPBJqVualhC6IgMmG+pIpKZIJudPMEnVunjKNa2FOCZ+nsiI9KYsQxtpyQwNIveVPzP81OILoOMqyQFpuh8UZQKDDGe/o/7XDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0jqrerXq+X2tUr/K4yiiI3SMTpGHLlAd3aIGaiKKYvSMXtGbA86L8+58zFsLTj5ziP7A+fwBHwiQgg==</latexit>

µcs = zcutEJR

<latexit sha1_base64="utYL9eXwnlLjxzlJ36x4BjA/Ux8=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiVR0IxRFEFdV7AXaECbTSTt0MglzEWrIxldx40IRtz6GO9/GaZuFtv4w8PGfczhz/iBhVCrH+bYKC4tLyyvF1dLa+sbmlr2905SxFpg0cMxi0Q6QJIxy0lBUMdJOBEFRwEgrGF6O660HIiSN+b0aJcSLUJ/TkGKkjOXbe91I+ymWGTyHjwa0yuCVf3Pn22Wn4kwE58HNoQxy1X37q9uLsY4IV5ghKTuukygvRUJRzEhW6mpJEoSHqE86BjmKiPTSyQEZPDROD4axMI8rOHF/T6QoknIUBaYzQmogZ2tj879aR6vwzEspT7QiHE8XhZpBFcNxGrBHBcGKjQwgLKj5K8QDJBBWJrOSCcGdPXkemscVt1o5ua2Waxd5HEWwDw7AEXDBKaiBa1AHDYBBBp7BK3iznqwX6936mLYWrHxmF/yR9fkD8zmV/g==</latexit>

µcus = (1� z)m

<latexit sha1_base64="i4/cUDhtEQdFsJbyIAwJ0IEa0gs=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQF5ZEKroRim5cVrAPaEOYTCft0JlJmJmINeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn75baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfhm6nceiFQ0Evd6EhOPo6GgIcVIG8m3y32e+ClOVAavYNU9fTrhvl1xas4McJm4OamAHE3f/uoPIpxwIjRmSKme68TaS5HUFDOSlfqJIjHCYzQkPUMF4kR56ez2DB4bZQDDSJoSGs7U3xMp4kpNeGA6OdIjtehNxf+8XqLDSy+lIk40EXi+KEwY1BGcBgEHVBKs2cQQhCU1t0I8QhJhbeIqmRDcxZeXSfus5tZr53f1SuM6j6MIDsERqAIXXIAGuAVN0AIYPIJn8ArerMx6sd6tj3lrwcpnDsAfWJ8/XJiTWg==</latexit>

µ
p
ro

fi
le
(z
)(
G
eV

)

<latexit sha1_base64="QUyAtar9oGE2+Lobcu1+wS4FrJU=">AAACBnicbVDJSgNBEO2JW4xb1KMIjUFILmFGInoMetBjBLNAEkJPpyZp0rPQXSPGIScv/ooXD4p49Ru8+Td2loMmPih4vFfVXfXcSAqNtv1tpZaWV1bX0uuZjc2t7Z3s7l5Nh7HiUOWhDFXDZRqkCKCKAiU0IgXMdyXU3cHl2K/fgdIiDG5xGEHbZ71AeIIzNFIne9jy407SQrjHJFKhJySMRvmHAs1fQa3Qyebsoj0BXSTOjOTIDJVO9qvVDXnsQ4BcMq2bjh1hO2EKBTcvZ1qxhojxAetB09CA+aDbyeSMET02Spd6oTIVIJ2ovycS5ms99F3T6TPs63lvLP7nNWP0ztuJCKIYIeDTj7xYUgzpOBPaFQo4yqEhjCthdqW8zxTjaJLLmBCc+ZMXSe2k6JSKpzelXPliFkeaHJAjkicOOSNlck0qpEo4eSTP5JW8WU/Wi/VufUxbU9ZsZp/8gfX5A9c7mLI=</latexit>
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EJR ⇠ m

<latexit sha1_base64="LCn6po741xJY1OEyeEkRfZixzDY=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgqexKRY9FEcRTFfsB26Vk02wbmmSXZFYoS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZFyaCG3Ddb6ewsrq2vlHcLG1t7+zulfcPWiZONWVNGotYd0JimOCKNYGDYJ1EMyJDwdrh6Hrqt5+YNjxWjzBOWCDJQPGIUwJW8m96dw+4a7jEsleuuFV3BrxMvJxUUI5Gr/zV7cc0lUwBFcQY33MTCDKigVPBJqVualhC6IgMmG+pIpKZIJudPMEnVunjKNa2FOCZ+nsiI9KYsQxtpyQwNIveVPzP81OILoOMqyQFpuh8UZQKDDGe/o/7XDMKYmwJoZrbWzEdEk0o2JRKNgRv8eVl0jqrerXq+X2tUr/K4yiiI3SMTpGHLlAd3aIGaiKKYvSMXtGbA86L8+58zFsLTj5ziP7A+fwBHwiQgg==</latexit>

zcut = 0.1, R = 0.4, µmin = 0.3, 0.4, 0.5 GeV

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]

µcus = (1� z)m

<latexit sha1_base64="i4/cUDhtEQdFsJbyIAwJ0IEa0gs=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQF5ZEKroRim5cVrAPaEOYTCft0JlJmJmINeRX3LhQxK0/4s6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn75baKEolJC0cskt0AKcKoIC1NNSPdWBLEA0Y6wfhm6nceiFQ0Evd6EhOPo6GgIcVIG8m3y32e+ClOVAavYNU9fTrhvl1xas4McJm4OamAHE3f/uoPIpxwIjRmSKme68TaS5HUFDOSlfqJIjHCYzQkPUMF4kR56ez2DB4bZQDDSJoSGs7U3xMp4kpNeGA6OdIjtehNxf+8XqLDSy+lIk40EXi+KEwY1BGcBgEHVBKs2cQQhCU1t0I8QhJhbeIqmRDcxZeXSfus5tZr53f1SuM6j6MIDsERqAIXXIAGuAVN0AIYPIJn8ArerMx6sd6tj3lrwcpnDsAfWJ8/XJiTWg==</latexit>
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EJR � m

<latexit sha1_base64="dMCD4lHezds1FH3O8xmbVWhf1uw=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FEcRTFfuB7VKyaXYbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw6uJ33qiSrNYPphRQn2BI8lCRrCx0uN17/YedaMIiV654lbdKdAi8XJSgRz1Xvmr249JKqg0hGOtO56bGD/DyjDC6bjUTTVNMBniiHYslVhQ7WfTi8foyCp9FMbKljRoqv6eyLDQeiQC2ymwGeh5byL+53VSE174GZNJaqgks0VhypGJ0eR91GeKEsNHlmCimL0VkQFWmBgbUsmG4M2/vEiaJ1XvtHp2d1qpXeZxFOEADuEYPDiHGtxAHRpAQMIzvMKbo50X5935mLUWnHxmH/7A+fwBO/2P/Q==</latexit>

- Top jets:
[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]
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EJR � m

<latexit sha1_base64="dMCD4lHezds1FH3O8xmbVWhf1uw=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FEcRTFfuB7VKyaXYbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw6uJ33qiSrNYPphRQn2BI8lCRrCx0uN17/YedaMIiV654lbdKdAi8XJSgRz1Xvmr249JKqg0hGOtO56bGD/DyjDC6bjUTTVNMBniiHYslVhQ7WfTi8foyCp9FMbKljRoqv6eyLDQeiQC2ymwGeh5byL+53VSE174GZNJaqgks0VhypGJ0eR91GeKEsNHlmCimL0VkQFWmBgbUsmG4M2/vEiaJ1XvtHp2d1qpXeZxFOEADuEYPDiHGtxAHRpAQMIzvMKbo50X5935mLUWnHxmH/7A+fwBO/2P/Q==</latexit>

- e+e- => top jet:

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]
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EJR � m

<latexit sha1_base64="dMCD4lHezds1FH3O8xmbVWhf1uw=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FEcRTFfuB7VKyaXYbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aOuDgcd7M8zMCxLOtHHdb6ewtLyyulZcL21sbm3vlHf3mjpOFaENEvNYtQOsKWeSNgwznLYTRbEIOG0Fw6uJ33qiSrNYPphRQn2BI8lCRrCx0uN17/YedaMIiV654lbdKdAi8XJSgRz1Xvmr249JKqg0hGOtO56bGD/DyjDC6bjUTTVNMBniiHYslVhQ7WfTi8foyCp9FMbKljRoqv6eyLDQeiQC2ymwGeh5byL+53VSE174GZNJaqgks0VhypGJ0eR91GeKEsNHlmCimL0VkQFWmBgbUsmG4M2/vEiaJ1XvtHp2d1qpXeZxFOEADuEYPDiHGtxAHRpAQMIzvMKbo50X5935mLUWnHxmH/7A+fwBO/2P/Q==</latexit>

- e+e- => top jet:

- Resum ln(1-z) is crucial

- Fixed order:

[LD, C. Kim, and A. Leibovich, JHEP09(2021)148]



Summary

✦Study FFJ near threshold for heavy quarks (both ungroomed 
and groomed jets)


✦Heavy quark mass as an IR regulator makes grooming IR 
safer


✦ Using RG, resum different logs involved: ln(1-z), 
log(EJRzcut)…
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