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Based on… in collaboration with…

- Fragmentation with in groomed jets (light hadrons) 
  (arXiv:1712.07653: YM, D. Neill, and V. Vaidya)  

- Fragmentation with in groomed jets (heavy mesons) 
  (arXiv:1807.09805: YM and V. Vaidya)  

- Dĳet decorrelation (lepton colliders)/ jet-lepton decorrelation (DIS)  
  (In progress: YM, V. Vaida, L. Zoppi, D. G.-Reyes, and I. Scimemi)
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In this talk

- Grooming procedure (mMDT/soft-drop)  

- Dĳet de-correlation (e+e-) 
                   Hadronization effects - Pythia simulations  
                  Factorization and resummation @ NNLL 

- TMD spectra of heavy mesons in groomed jets: 
 New and interesting hadronization effects 



C/A clustering algorithm 
 .  .  .  

- The algorithm is imposed only on the jet constituents 

- Record clustering history in each step

} Jet (R)

For details on soft-drop see: arXiv:1402.2657 A. J. Larkoski, S. Marzani, G. Soyez, and J. Thaler

Grooming algorithm: mMDT/soft-drop (         )� = 0

- Particles closer in angle get clustered first
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min{Ei, Ej}
Ei + Ej

> zcut

True 
Stop. Remaining particles 

consist groomed jet 

False 
Drop the softer of the two 

branchings

Declustering

“Declustering”  with the 
reverse order: 

 .  .  .  

i

j

Grooming algorithm: mMDT/soft-drop (         )� = 0
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 .  .  .  

- Isolates collinear-energetic radiation near the center of the jet

- Smaller sensitivity to underlying event  

Declustering

- Removes soft wide angle radiation sensitive to the cone/boundary    
  and non-global effects (NGLs) 

Grooming algorithm: mMDT/soft-drop (         )� = 0
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Dĳet de-correlation (work in progress) 

� =
2q�
Q

<latexit sha1_base64="GqzlRU8Kd8mzkFDJvOh8r5fAeW8=">AAACHXicbZDLSgMxFIYzXmu9VV0KEiyCqzKjgm6EohuXCrYWOqVk0jNtaGYmJmfEMszO93DvVl/BnbgV38DHML0s1Hog8PP/5+QkX6CkMOi6n87M7Nz8wmJhqbi8srq2XtrYrJsk1RxqPJGJbgTMgBQx1FCghIbSwKJAwk3QPx/mN3egjUjiaxwoaEWsG4tQcIbWapd2fOwBMnpK/VAznh3ctjNfgVZ5nl3ltF0quxV3VHRaeBNRJpO6bJe+/E7C0whi5JIZ0/Rcha2MaRRcQl70UwOK8T7rQtPKmEVgWtnoHznds06Hhom2J0Y6cn9OZCwyZhAFtjNi2DN/s6H5X9ZMMTxpZSJWKULMx4vCVFJM6BAK7QgNHOXACsa1sG+lvMcsD7Toins/1wwvVxjd5xaN9xfEtKgfVLzDint1VK6eTSAVyDbZJfvEI8ekSi7IJakRTh7IE3kmL86j8+q8Oe/j1hlnMrNFfpXz8Q1FyKK3</latexit>

n̂G1
<latexit sha1_base64="MGrENvZ5Nmkuunb80vnn6ctCstI=">AAACCXicbVDLSsNAFJ34rPVVdekmWAquSqKCLosudFnBPqAJZTKdtENnJsPMjVhCvsC9W/0Fd+LWr/AP/AyTNovaeuDC4Zz74gSKMwOO822trK6tb2yWtsrbO7t7+5WDw7aJYk1oi0Q80t0AG8qZpC1gwGlXaYpFwGknGN/kfueRasMi+QATRX2Bh5KFjGDIJM8bYUhk2k9u3bRfqTp1Zwp7mbgFqaICzX7lxxtEJBZUAuHYmJ7rKPATrIERTtOyFxuqMBnjIe1lVGJBjZ9Mf07tWqYM7DDSWUmwp+r8RIKFMRMRZJ0Cw8gsern4n9eLIbzyEyZVDFSS2aEw5jZEdh6APWCaEuCTjGCiWfarTUZYYwJZTOXa/Jl8uQLxlEfjLgaxTNpndfe87txfVBvXRUgldIxO0Cly0SVqoDvURC1EkEIv6BW9Wc/Wu/Vhfc5aV6xi5gj9gfX1CzOkm0s=</latexit>

�pG2
<latexit sha1_base64="EkShZaEg5HktX9YMegRZiLqIjTY=">AAACCXicbVDLTgIxFO3gC/GFunTTSEhckRk00SXRhS4xETBhJqRTCjS0nabtEMlkvsC9W/0Fd8atX+Ef+Bl2YBYInuQmJ+fcV04oGdXGdb+dwtr6xuZWcbu0s7u3f1A+PGrrKFaYtHDEIvUYIk0YFaRlqGHkUSqCeMhIJxzfZH5nQpSmkXgwU0kCjoaCDihGxkq+PyE4kWkvua2nvXLFrbkzwFXi5aQCcjR75R+/H+GYE2EwQ1p3PVeaIEHKUMxIWvJjTSTCYzQkXUsF4kQHyeznFFat0oeDSNkSBs7UxYkEca2nPLSdHJmRXvYy8T+vG5vBVZBQIWNDBJ4fGsQMmghmAcA+VQQbNrUEYUXtrxCPkELY2JhK1cUz2XJp+FMWjbccxCpp12veec29v6g0rvOQiuAEnIIz4IFL0AB3oAlaAAMJXsAreHOenXfnw/mctxacfOYY/IHz9Qs6QZtP</latexit>

p�
G2

<latexit sha1_base64="qoRm2lUcSlTXLqZRc2cZ/bZ2YOA=">AAACC3icbVDLTgIxFO3gC/GFunTTSEhckRk00SXRhS4xkUcCA+mUAg1tp2k7RjKZT3DvVn/BnXHrR/gHfoYdmAWCJ7nJyTn3lRNIRrVx3W8nt7a+sbmV3y7s7O7tHxQPj5o6jBQmDRyyULUDpAmjgjQMNYy0pSKIB4y0gslN6rceidI0FA9mKonP0UjQIcXIWKkne3FXEiWTfnxbTfrFkltxZ4CrxMtICWSo94s/3UGII06EwQxp3fFcafwYKUMxI0mhG2kiEZ6gEelYKhAn2o9nXyewbJUBHIbKljBwpi5OxIhrPeWB7eTIjPWyl4r/eZ3IDK/8mAoZGSLw/NAwYtCEMI0ADqgi2LCpJQgran+FeIwUwsYGVSgvnkmXS8Of0mi85SBWSbNa8c4r7v1FqXadhZQHJ+AUnAEPXIIauAN10AAYKPACXsGb8+y8Ox/O57w152Qzx+APnK9f52WcOg==</latexit>

zi =
2EGi

Q
<latexit sha1_base64="r+gM/XnaD/x+v1n3Zf9QD+4mOL8=">AAACFnicbZBPS8MwGMbT+W/Of1UPHrwEx8DTaKegF2EooscN3CZspaRZuoUlbUlScZZ+D+9e9St4E69e/QZ+DNOth7n5QuDhed43b/LzIkalsqxvo7C0vLK6VlwvbWxube+Yu3ttGcYCkxYOWSjuPSQJowFpKaoYuY8EQdxjpOONrrK880CEpGFwp8YRcTgaBNSnGCltuebBk0vhBez5AuGkdu0mNzRNk2bqmmWrak0KLgo7F2WQV8M1f3r9EMecBAozJGXXtiLlJEgoihlJS71YkgjhERqQrpYB4kQ6yeQDKaxopw/9UOgTKDhxZycSxKUcc093cqSGcj7LzP+ybqz8cyehQRQrEuDpIj9mUIUwowH7VBCs2FgLhAXVb4V4iDQLpZmVKrNrsssjxR8zNPY8iEXRrlXtk6rVPC3XL3NIRXAIjsAxsMEZqINb0AAtgEEKXsAreDOejXfjw/icthaMfGYf/Cnj6xdeup+S</latexit>

The only information used from the groomed jets is their directions

Q � Qzcut � q�, R � 1
<latexit sha1_base64="6mBoiaeF4bIZRTtdFx92oLdFub8="></latexit>

�q� =
�p�

G2

z2
<latexit sha1_base64="8ccbAGdJTyDCPEgP402ngU1AhWQ="></latexit>

jet + jet 
jet + hadron (out) 
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Groomed Jet Axis (GJA) - Hadronization Effects 
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zcut = 0.2
<latexit sha1_base64="vLkK2ALAn8wSOuyPD9OTBdwCu+E=">AAACCXicbVDLSsNAFJ34rPVVdelmsBRchaQKuhGKblxWsA9oQ5lMJ+3QSTLM3Ig19Avcu9VfcCdu/Qr/wM9w0mZRWw9cOJxzXxxfCq7Bcb6tldW19Y3NwlZxe2d3b790cNjUcaIoa9BYxKrtE80Ej1gDOAjWloqR0Bes5Y9uMr/1wJTmcXQPY8m8kAwiHnBKwEjdp15KE5jgK8eu9kplx3amwMvEzUkZ5aj3Sj/dfkyTkEVABdG64zoSvJQo4FSwSbGbaCYJHZEB6xgakZBpL53+PMEVo/RxECtTEeCpOj+RklDrceibzpDAUC96mfif10kguPRSHskEWERnh4JEYIhxFgDuc8UoiLEhhCpufsV0SBShYGIqVubPZMslhI8TE427GMQyaVZt98x27s7Ltes8pAI6RifoFLnoAtXQLaqjBqJIohf0it6sZ+vd+rA+Z60rVj5zhP7A+voF+QOahw==</latexit>
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Groomed Jet Axis (GJA) - Hadronization Effects 
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zcut = 0.1
<latexit sha1_base64="9SIBcwyB+bi521BNpb3ZV9WLSR8=">AAACCXicbVDLSsNAFJ3UV62vqks3g6XgKiQq6EYounFZwT6gDWUynbRDZ5IwcyPWkC9w71Z/wZ249Sv8Az/DSdtFbT1w4XDOfXH8WHANjvNtFVZW19Y3ipulre2d3b3y/kFTR4mirEEjEam2TzQTPGQN4CBYO1aMSF+wlj+6yf3WA1OaR+E9jGPmSTIIecApASN1n3opTSDDV47t9soVx3YmwMvEnZEKmqHeK/90+xFNJAuBCqJ1x3Vi8FKigFPBslI30SwmdEQGrGNoSCTTXjr5OcNVo/RxEClTIeCJOj+REqn1WPqmUxIY6kUvF//zOgkEl17KwzgBFtLpoSARGCKcB4D7XDEKYmwIoYqbXzEdEkUomJhK1fkz+fIY5GNmonEXg1gmzVPbPbOdu/NK7XoWUhEdoWN0glx0gWroFtVRA1EUoxf0it6sZ+vd+rA+p60FazZziP7A+voF92mahg==</latexit>
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Groomed Jet Axis (GJA) - Hadronization Effects 
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The jet mass cutoff

� � 1
<latexit sha1_base64="KUoen9cXU7yQcOhWkNbtv9UVmg0=">AAACCXicbVDLSgMxFM3UV62vqks3wVJwVWZU0GXRjcsK9gGdoWTStA3NZEJyRyxDv8C9W/0Fd+LWr/AP/Awz7Sxq64ELh3PuixMqwQ247rdTWFvf2Nwqbpd2dvf2D8qHRy0TJ5qyJo1FrDshMUxwyZrAQbCO0oxEoWDtcHyb+e1Hpg2P5QNMFAsiMpR8wCkBK/k+jBgQ7AuBvV654tbcGfAq8XJSQTkavfKP349pEjEJVBBjup6rIEiJBk4Fm5b8xDBF6JgMWddSSSJmgnT28xRXrdLHg1jbkoBn6uJESiJjJlFoOyMCI7PsZeJ/XjeBwXWQcqkSYJLODw0SgSHGWQC4zzWjICaWEKq5/RXTEdGEgo2pVF08ky1XED1NbTTechCrpHVe8y5q7v1lpX6Th1REJ+gUnSEPXaE6ukMN1EQUKfSCXtGb8+y8Ox/O57y14OQzx+gPnK9fDG6alA==</latexit>

Improve our observable by imposing groomed jet mass cutoff. This will 
eliminate hard splittings which could induce large NGLs

m2
G

Q2
= e � 1

<latexit sha1_base64="QaqiAw1JYf/tlNdMA09LGVztuMU=">AAACHXicbVBNS8MwGE79nPOr6lGQ4Bh4Gu0U9CIMPehxA/cBax1plm5hSVuSVBylN/+Hd6/6F7yJV/Ef+DNMtx7m5gMJD8/zfiSPFzEqlWV9G0vLK6tr64WN4ubW9s6uubffkmEsMGnikIWi4yFJGA1IU1HFSCcSBHGPkbY3us789gMRkobBnRpHxOVoEFCfYqS01DOPHF8gnPBecpPeV9OkoS94CQl0JOXQ7pklq2JNABeJnZMSyFHvmT9OP8QxJ4HCDEnZta1IuQkSimJG0qITSxIhPEID0tU0QJxIN5n8I4VlrfShHwp9AgUn6mxHgriUY+7pSo7UUM57mfif142Vf+EmNIhiRQI8XeTHDKoQZqHAPhUEKzbWBGFB9VshHiIdjNLRFcuza7LhkeKPqY7Gng9ikbSqFfu0YjXOSrWrPKQCOATH4ATY4BzUwC2ogybA4Am8gFfwZjwb78aH8TktXTLyngPwB8bXL7pEob4=</latexit>
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The jet mass cutoff
Improve our observable by imposing groomed jet mass cutoff. This will 
eliminate hard splittings which could induce large NGLs

� � 1
<latexit sha1_base64="KUoen9cXU7yQcOhWkNbtv9UVmg0=">AAACCXicbVDLSgMxFM3UV62vqks3wVJwVWZU0GXRjcsK9gGdoWTStA3NZEJyRyxDv8C9W/0Fd+LWr/AP/Awz7Sxq64ELh3PuixMqwQ247rdTWFvf2Nwqbpd2dvf2D8qHRy0TJ5qyJo1FrDshMUxwyZrAQbCO0oxEoWDtcHyb+e1Hpg2P5QNMFAsiMpR8wCkBK/k+jBgQ7AuBvV654tbcGfAq8XJSQTkavfKP349pEjEJVBBjup6rIEiJBk4Fm5b8xDBF6JgMWddSSSJmgnT28xRXrdLHg1jbkoBn6uJESiJjJlFoOyMCI7PsZeJ/XjeBwXWQcqkSYJLODw0SgSHGWQC4zzWjICaWEKq5/RXTEdGEgo2pVF08ky1XED1NbTTechCrpHVe8y5q7v1lpX6Th1REJ+gUnSEPXaE6ukMN1EQUKfSCXtGb8+y8Ox/O57y14OQzx+gPnK9fDG6alA==</latexit>

m2
G

Q2
= e < ecut � 1

<latexit sha1_base64="vnlAoa+rOCOxizyfa79tv6LkP6M="></latexit>
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The jet mass cutoff
Improve our observable by imposing groomed jet mass cutoff. This will 
eliminate hard splittings which could induce large NGLs m2

G

Q2
= e < ecut � 1

<latexit sha1_base64="vnlAoa+rOCOxizyfa79tv6LkP6M="></latexit>

ecut
<latexit sha1_base64="mnhVr758aQPjmBVHtC/Qfn5Lu2I=">AAACC3icbVDLSsNAFJ3UV62vqks3wVJwVRIVdFl047KCfUAby2R60w6dTMLMjbSEfIJ7t/oL7sStH+Ef+BkmbRa19cCFwzn3xXFDwTVa1rdRWFvf2Nwqbpd2dvf2D8qHRy0dRIpBkwUiUB2XahBcQhM5CuiECqjvCmi749vMbz+B0jyQDzgNwfHpUHKPM4qp9Aj9uIcwwZhFmCT9csWqWTOYq8TOSYXkaPTLP71BwCIfJDJBte7aVohOTBVyJiAp9SINIWVjOoRuSiX1QTvx7OvErKbKwPQClZZEc6YuTsTU13rqu2mnT3Gkl71M/M/rRuhdOzGXYYQg2fyQFwkTAzOLwBxwBQzFNCWUKZ7+arIRVZRhGlSpungmWx6iP8misZeDWCWt85p9UbPuLyv1mzykIjkhp+SM2OSK1MkdaZAmYUSRF/JK3oxn4934MD7nrQUjnzkmf2B8/QKoIJyy</latexit>
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<latexit sha1_base64="mnhVr758aQPjmBVHtC/Qfn5Lu2I=">AAACC3icbVDLSsNAFJ3UV62vqks3wVJwVRIVdFl047KCfUAby2R60w6dTMLMjbSEfIJ7t/oL7sStH+Ef+BkmbRa19cCFwzn3xXFDwTVa1rdRWFvf2Nwqbpd2dvf2D8qHRy0dRIpBkwUiUB2XahBcQhM5CuiECqjvCmi749vMbz+B0jyQDzgNwfHpUHKPM4qp9Aj9uIcwwZhFmCT9csWqWTOYq8TOSYXkaPTLP71BwCIfJDJBte7aVohOTBVyJiAp9SINIWVjOoRuSiX1QTvx7OvErKbKwPQClZZEc6YuTsTU13rqu2mnT3Gkl71M/M/rRuhdOzGXYYQg2fyQFwkTAzOLwBxwBQzFNCWUKZ7+arIRVZRhGlSpungmWx6iP8misZeDWCWt85p9UbPuLyv1mzykIjkhp+SM2OSK1MkdaZAmYUSRF/JK3oxn4934MD7nrQUjnzkmf2B8/QKoIJyy</latexit>



Fragmentation Functions 2019 - Duke University Mar. 15 2019 14

Hierarchies and Factorization

q� � Q
�

e
<latexit sha1_base64="5CjDQO3I3vfA5xF8Ki7VgwwN6AI=">AAACGHicbVDLSgMxFM3UV62vUVfiJlgEV2VGBV2Kbly2YFuhLSWT3mpoMhOTO2IZiv/h3q3+gjtx684/8DPMtF34OhByOOc+khNpKSwGwYdXmJmdm18oLpaWlldW1/z1jYZNUsOhzhOZmMuIWZAihjoKlHCpDTAVSWhGg7Pcb96CsSKJL3CooaPYVSz6gjN0UtffuulmbQ1Gj2jbCkVr7roxmMGo65eDSjAG/UvCKSmTKapd/7PdS3iqIEYumbWtMNDYyZhBwSWMSu3UgmZ8wK6g5WjMFNhONv7CiO46pUf7iXEnRjpWv3dkTFk7VJGrVAyv7W8vF//zWin2jzuZiHWKEPPJon4qKSY0z4P2hAGOcugI40a4t1J+zQzj6FIr7X5fkw/XqO7yaMLfQfwljf1KeFAJaoflk9NpSEWyTXbIHgnJETkh56RK6oSTe/JInsiz9+C9eK/e26S04E17NskPeO9fw5ug5A==</latexit>

q� � Q
�

e
<latexit sha1_base64="PhFv3QPr9EQRKzZslRYd4XCrx5Q=">AAACF3icbVDLTgJBEJzFF+IL9WLiZSIh8UR21USPRC8eIZFHwhIyOzQwYXZ3mOk1kg3+h3ev+gvejFeP/oGf4S5wULCSTipV3dPT5SkpDNr2l5VZWV1b38hu5ra2d3b38vsHdRNGmkONhzLUTY8ZkCKAGgqU0FQamO9JaHjDm9Rv3IM2IgzucKyg7bN+IHqCM0ykTv5o1IldBVpNqNvv0yp1zUhjDJNOvmCX7CnoMnHmpEDmqHTy32435JEPAXLJjGk5tsJ2zDQKLmGScyMDivEh60MroQHzwbTj6QUTWkyULu2FOqkA6VT9PREz35ix7yWdPsOBWfRS8T+vFWHvqh2LQEUIAZ8t6kWSYkjTOGhXaOAoxwlhXIvkr5QPmGYck9Byxd9r0scV+g9pNM5iEMukflZyzkt29aJQvp6HlCXH5IScEodckjK5JRVSI5w8kmfyQl6tJ+vNerc+Zq0Zaz5zSP7A+vwBzr+gXw==</latexit>

TMD Jet function re-factorization:

electron-positron annihilation 
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Groomed Jet Axis (GJA) - Hadronization Effects 
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Direction of the groomed jet axis insensitive to jet Radius (for R ~ 1):
In contrast to the SJA where the shift is greater as we approach the 
hemisphere limit.

Q � Qzcut � q�, R � 1
<latexit sha1_base64="6mBoiaeF4bIZRTtdFx92oLdFub8="></latexit>



Renormalization Group and Resummation
Rapidity divergences in global soft and soft-collinear using: 
 J.-Y. Chiu, A. Jain, D. Neill and I. Z. Rothstein arXiv:1202.0814
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One loop results calculated explicitly. Two loop extracted from consistency 



Perturbative @NLL vs Monte-Carlo
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Consistency check (effect of power corrections) against Pythia simulations. 
  
NLL cross section in good agreement with partonic shower of MC.

d� � d�

dq�
<latexit sha1_base64="ZdGAGYqpndVTjO9jWtVBqKtO9CQ=">AAACKHicbZC7TsMwFIadcivlVmBksaiQYKkSQIKxgoWxSJRWaqrKcU6KVTsxtoOoojwD78HOCq/Ahroy8Rg4JQO3I1n69f/n+NhfIDnTxnWnTmVufmFxqbpcW1ldW9+ob25d6yRVFDo04YnqBUQDZzF0DDMcelIBEQGHbjA+L/LuHSjNkvjKTCQMBBnFLGKUGGsN6wehr9lIEOzDbcrusB8pQrPSzLPwdpj5EpTM82G94TbdWeG/witFA5XVHtY//DChqYDYUE607nuuNIOMKMMoh7zmpxokoWMygr6VMRGgB9nsSznes06Io0TZExs8c79PZERoPRGB7RTE3OjfWWH+l/VTE50OMhbL1EBMvxZFKccmwQUfHDIF1PCJFYQqZt+K6Q2xUIylWNv7vqa4XBpxX6DxfoP4K64Pm95R0708brTOSkhVtIN20T7y0AlqoQvURh1E0QN6Qs/oxXl0Xp03Z/rVWnHKmW30o5z3T+AUqF8=</latexit>



Resummation in b-space @ NNLL
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Universal well known up to N(3)LL

We only need to figure the non-cusp part. 
Use consistency of factorization

see arXiv:1603.09338

�F (µ, � = Qzcut) = �S(µ)
<latexit sha1_base64="VzahxXFmCvvdH87DwRaDu72w84w="></latexit>



Resummation in b-space @ NNLL
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b⇤ =
bp

1 + (b/bmax)2

�S
⌫,i(µ) ! �S

⌫,i(µ)
���
b!b⇤

� gK(b; bmax)
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Resummation in b-space @ NNLL

Fragmentation Functions 2019 - Duke University Mar. 15 2019 20

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

0.00

0.05

0.10

0.15

0.20

0.25

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35

0.00

0.05

0.10

0.15

For jet energies < 25 GeV, the theoretical uncertainty is relatively large for NNLL. 

Work in progress:  
Implement other resummation schemes, e.g. \zeta-prescription. 
Get cross section for DIS



Dĳet de-correlation summary  

- Groomed jet axis much more stable during hadronization, independent of jet 
radius (R ~ 1) or jet algorithms.  

- Factorization involves universal soft function. 

- Additional measurement needs to be imposed to avoid NGLs 
(Not necessary for Winner-Take-All, see arXiv:1807.07573)  

- All ingredients for NNLL resummation are available  

- In progress: Groomed jets in DIS give access to TMDPDFs with minimum 
additional input  

- In progress: \zeta-prescription using the arTiMiDe package.
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Identified hadrons within groomed jet

Jet/thrust axis 

groomed-Jet axis 

collimated spray of particles

jet algorithm grooming algorithm 
 (mMDT/soft-drop)

identified-hadron:h

Measurements: ~ph?, z =
Eh

EJ

Only the particles that pass the grooming process 
will determine the direction of the groomed-jet axis 

�ph�
<latexit sha1_base64="6L0wkf9CNfUv79m4OItnrXfih+U=">AAAB+nicdZDLSsNAFIYn9VbrrdWlm8EiuApJGmiWRTcuK9gLtKVMpqft0MkkzEwqJfZR3LhQxK1P4s63cXoRVPSHgY//nMM584cJZ0o7zoeV29jc2t7J7xb29g8Oj4ql46aKU0mhQWMey3ZIFHAmoKGZ5tBOJJAo5NAKJ1eLemsKUrFY3OpZAr2IjAQbMkq0sfrFUncKNEvm/WyMuwlIQ8WyYwfVqusH2LH9SsX1PQOOV/WCALu2s1QZrVXvF9+7g5imEQhNOVGq4zqJ7mVEakY5zAvdVEFC6ISMoGNQkAhUL1uePsfnxhngYSzNExov3e8TGYmUmkWh6YyIHqvftYX5V62T6mHQy5hIUg2CrhYNU451jBc54AGTQDWfGSBUMnMrpmMiCdUmrYIJ4eun+H9oerZr+MYv1y7XceTRKTpDF8hFVVRD16iOGoiiO/SAntCzdW89Wi/W66o1Z61nTtAPWW+fLDKUmA==</latexit><latexit sha1_base64="6L0wkf9CNfUv79m4OItnrXfih+U=">AAAB+nicdZDLSsNAFIYn9VbrrdWlm8EiuApJGmiWRTcuK9gLtKVMpqft0MkkzEwqJfZR3LhQxK1P4s63cXoRVPSHgY//nMM584cJZ0o7zoeV29jc2t7J7xb29g8Oj4ql46aKU0mhQWMey3ZIFHAmoKGZ5tBOJJAo5NAKJ1eLemsKUrFY3OpZAr2IjAQbMkq0sfrFUncKNEvm/WyMuwlIQ8WyYwfVqusH2LH9SsX1PQOOV/WCALu2s1QZrVXvF9+7g5imEQhNOVGq4zqJ7mVEakY5zAvdVEFC6ISMoGNQkAhUL1uePsfnxhngYSzNExov3e8TGYmUmkWh6YyIHqvftYX5V62T6mHQy5hIUg2CrhYNU451jBc54AGTQDWfGSBUMnMrpmMiCdUmrYIJ4eun+H9oerZr+MYv1y7XceTRKTpDF8hFVVRD16iOGoiiO/SAntCzdW89Wi/W66o1Z61nTtAPWW+fLDKUmA==</latexit><latexit sha1_base64="6L0wkf9CNfUv79m4OItnrXfih+U=">AAAB+nicdZDLSsNAFIYn9VbrrdWlm8EiuApJGmiWRTcuK9gLtKVMpqft0MkkzEwqJfZR3LhQxK1P4s63cXoRVPSHgY//nMM584cJZ0o7zoeV29jc2t7J7xb29g8Oj4ql46aKU0mhQWMey3ZIFHAmoKGZ5tBOJJAo5NAKJ1eLemsKUrFY3OpZAr2IjAQbMkq0sfrFUncKNEvm/WyMuwlIQ8WyYwfVqusH2LH9SsX1PQOOV/WCALu2s1QZrVXvF9+7g5imEQhNOVGq4zqJ7mVEakY5zAvdVEFC6ISMoGNQkAhUL1uePsfnxhngYSzNExov3e8TGYmUmkWh6YyIHqvftYX5V62T6mHQy5hIUg2CrhYNU451jBc54AGTQDWfGSBUMnMrpmMiCdUmrYIJ4eun+H9oerZr+MYv1y7XceTRKTpDF8hFVVRD16iOGoiiO/SAntCzdW89Wi/W66o1Z61nTtAPWW+fLDKUmA==</latexit><latexit sha1_base64="6L0wkf9CNfUv79m4OItnrXfih+U=">AAAB+nicdZDLSsNAFIYn9VbrrdWlm8EiuApJGmiWRTcuK9gLtKVMpqft0MkkzEwqJfZR3LhQxK1P4s63cXoRVPSHgY//nMM584cJZ0o7zoeV29jc2t7J7xb29g8Oj4ql46aKU0mhQWMey3ZIFHAmoKGZ5tBOJJAo5NAKJ1eLemsKUrFY3OpZAr2IjAQbMkq0sfrFUncKNEvm/WyMuwlIQ8WyYwfVqusH2LH9SsX1PQOOV/WCALu2s1QZrVXvF9+7g5imEQhNOVGq4zqJ7mVEakY5zAvdVEFC6ISMoGNQkAhUL1uePsfnxhngYSzNExov3e8TGYmUmkWh6YyIHqvftYX5V62T6mHQy5hIUg2CrhYNU451jBc54AGTQDWfGSBUMnMrpmMiCdUmrYIJ4eun+H9oerZr+MYv1y7XceTRKTpDF8hFVVRD16iOGoiiO/SAntCzdW89Wi/W66o1Z61nTtAPWW+fLDKUmA==</latexit>
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At the small transverse momentum limit no 
additional measurement is required to ensure 
collinear configurations 



Factorization with groomed jet(h)

groomed TMD Fragmenting 
Jet Function  (TMDFJF)

   See also: 
- TMDFJF (measurement along the jet axis)   
   arXiv:1610.06508 (Reggie Bain, YM, Thomas Mehen) 
- JTMDFF (measurement along the winner-take-all axis) 

   arXiv:1612.04817 (Duff Neill, Ignazio Scimemi, Wouter J. Waalewĳn) 

- siTMDFJF (semi-inclusive) 
   arXiv:1705.08443 (Zhong-Bo Kang, Xiaohui Liu, Felix Ringer, Hongxi Xing) 
- gTMDFJF (groomed light hadrons) 
   arXiv:1712.07653 (YM, D. Neill, and V. Vaidya)

is the transverse momentum of jet with respect to hadron

Fraction of quark and gluon-initiated  
jets Independent of the  

measurement within the jet  
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�q� = ��p�h

zh
<latexit sha1_base64="S6vH9uLP+shR3TCatF+rYeu0m/k="></latexit>

�q� = ��p�h

zh
<latexit sha1_base64="S6vH9uLP+shR3TCatF+rYeu0m/k="></latexit>

d�

d�pJd�q�dzh
= Fi(M, �pJ , R, zcut)Ji/h(zcut, q

+, �q�, m)
<latexit sha1_base64="KrrIRDX0O0x4Jt88k8aUWgp3Sgo="></latexit>



Re-Factorization for heavy quark
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- mass effects  

- threshold region is important 

threshold region

arXiv.1606.07737: M. Fickinger, S. Fleming, C. Kim, E. Mereghetti



Re-Factorization for heavy quark
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Matched to SCET

Matched to HQET
Jet axis

Heavy quark

ultra-collinear (u-c) radiation

J(zcut, q
+, q?,m)

<latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit>

H+(m)
<latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit>

B(?)
+ (q+, q?, zcut)
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SG(EJ , zcut)
<latexit sha1_base64="PDIdQhG8+PRzlnP8N1RsAmNEK0M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBalgpREBD0WRBRPFe0HtCFsttt26WYTdieFGvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFu5peWV1bX8emFjc2t7x97dq+soUZTVaCQi1QyIZoJLVgMOgjVjxUgYCNYIBlcTvzFkSvNIPsIoZl5IepJ3OSVgJN+2H/yb0rV/d/rkpzSB8YlvF52yMwVeJG5GiihD1be/2p2IJiGTQAXRuuU6MXgpUcCpYONCO9EsJnRAeqxlqCQh0146vXyMj4zSwd1ImZKAp+rviZSEWo/CwHSGBPp63puI/3mtBLqXXsplnACTdLaomwgMEZ7EgDtcMQpiZAihiptbMe0TRSiYsAomBHf+5UVSPyu7Ttm9Py9WjrM48ugAHaISctEFqqBbVEU1RNEQPaNX9Gal1ov1bn3MWnNWNrOP/sD6/AFIkJKw</latexit><latexit sha1_base64="PDIdQhG8+PRzlnP8N1RsAmNEK0M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBalgpREBD0WRBRPFe0HtCFsttt26WYTdieFGvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFu5peWV1bX8emFjc2t7x97dq+soUZTVaCQi1QyIZoJLVgMOgjVjxUgYCNYIBlcTvzFkSvNIPsIoZl5IepJ3OSVgJN+2H/yb0rV/d/rkpzSB8YlvF52yMwVeJG5GiihD1be/2p2IJiGTQAXRuuU6MXgpUcCpYONCO9EsJnRAeqxlqCQh0146vXyMj4zSwd1ImZKAp+rviZSEWo/CwHSGBPp63puI/3mtBLqXXsplnACTdLaomwgMEZ7EgDtcMQpiZAihiptbMe0TRSiYsAomBHf+5UVSPyu7Ttm9Py9WjrM48ugAHaISctEFqqBbVEU1RNEQPaNX9Gal1ov1bn3MWnNWNrOP/sD6/AFIkJKw</latexit><latexit sha1_base64="PDIdQhG8+PRzlnP8N1RsAmNEK0M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBalgpREBD0WRBRPFe0HtCFsttt26WYTdieFGvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFu5peWV1bX8emFjc2t7x97dq+soUZTVaCQi1QyIZoJLVgMOgjVjxUgYCNYIBlcTvzFkSvNIPsIoZl5IepJ3OSVgJN+2H/yb0rV/d/rkpzSB8YlvF52yMwVeJG5GiihD1be/2p2IJiGTQAXRuuU6MXgpUcCpYONCO9EsJnRAeqxlqCQh0146vXyMj4zSwd1ImZKAp+rviZSEWo/CwHSGBPp63puI/3mtBLqXXsplnACTdLaomwgMEZ7EgDtcMQpiZAihiptbMe0TRSiYsAomBHf+5UVSPyu7Ttm9Py9WjrM48ugAHaISctEFqqBbVEU1RNEQPaNX9Gal1ov1bn3MWnNWNrOP/sD6/AFIkJKw</latexit><latexit sha1_base64="PDIdQhG8+PRzlnP8N1RsAmNEK0M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBalgpREBD0WRBRPFe0HtCFsttt26WYTdieFGvpPvHhQxKv/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFu5peWV1bX8emFjc2t7x97dq+soUZTVaCQi1QyIZoJLVgMOgjVjxUgYCNYIBlcTvzFkSvNIPsIoZl5IepJ3OSVgJN+2H/yb0rV/d/rkpzSB8YlvF52yMwVeJG5GiihD1be/2p2IJiGTQAXRuuU6MXgpUcCpYONCO9EsJnRAeqxlqCQh0146vXyMj4zSwd1ImZKAp+rviZSEWo/CwHSGBPp63puI/3mtBLqXXsplnACTdLaomwgMEZ7EgDtcMQpiZAihiptbMe0TRSiYsAomBHf+5UVSPyu7Ttm9Py9WjrM48ugAHaISctEFqqBbVEU1RNEQPaNX9Gal1ov1bn3MWnNWNrOP/sD6/AFIkJKw</latexit>

H(EJ)
<latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit>

µ ⇠ EJ
<latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit>

µ ⇠ m
<latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit>

µ ⇠ mzcut ⇠ m(1� z) ⇠ q?
<latexit sha1_base64="qNlwrSfEfGYt3oRu/MiUZABmvDc=">AAACFnicbZDLSsNAFIYn9VbrLerSzWBR6qIlEUGXBTcuK9gLNCFMptN26EwS5yK0IU/hxldx40IRt+LOt3HaZqGtPwx8859zmDl/mDAqleN8W4WV1bX1jeJmaWt7Z3fP3j9oyVgLTJo4ZrHohEgSRiPSVFQx0kkEQTxkpB2Orqf19gMRksbRnRonxOdoENE+xUgZK7CrHtfQk5RDDidBirXK8mvFrU7O5nwfpF5CRJIFdtmpOTPBZXBzKINcjcD+8nox1pxECjMkZdd1EuWnSCiKGclKnpYkQXiEBqRrMEKcSD+drZXBE+P0YD8W5kQKztzfEyniUo55aDo5UkO5WJua/9W6WvWv/JRGiVYkwvOH+ppBFcNpRrBHBcGKjQ0gLKj5K8RDJBBWJsmSCcFdXHkZWuc116m5txfl+mkeRxEcgWNQAS64BHVwAxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP7I+vwBq4+eWQ==</latexit><latexit sha1_base64="qNlwrSfEfGYt3oRu/MiUZABmvDc=">AAACFnicbZDLSsNAFIYn9VbrLerSzWBR6qIlEUGXBTcuK9gLNCFMptN26EwS5yK0IU/hxldx40IRt+LOt3HaZqGtPwx8859zmDl/mDAqleN8W4WV1bX1jeJmaWt7Z3fP3j9oyVgLTJo4ZrHohEgSRiPSVFQx0kkEQTxkpB2Orqf19gMRksbRnRonxOdoENE+xUgZK7CrHtfQk5RDDidBirXK8mvFrU7O5nwfpF5CRJIFdtmpOTPBZXBzKINcjcD+8nox1pxECjMkZdd1EuWnSCiKGclKnpYkQXiEBqRrMEKcSD+drZXBE+P0YD8W5kQKztzfEyniUo55aDo5UkO5WJua/9W6WvWv/JRGiVYkwvOH+ppBFcNpRrBHBcGKjQ0gLKj5K8RDJBBWJsmSCcFdXHkZWuc116m5txfl+mkeRxEcgWNQAS64BHVwAxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP7I+vwBq4+eWQ==</latexit><latexit sha1_base64="qNlwrSfEfGYt3oRu/MiUZABmvDc=">AAACFnicbZDLSsNAFIYn9VbrLerSzWBR6qIlEUGXBTcuK9gLNCFMptN26EwS5yK0IU/hxldx40IRt+LOt3HaZqGtPwx8859zmDl/mDAqleN8W4WV1bX1jeJmaWt7Z3fP3j9oyVgLTJo4ZrHohEgSRiPSVFQx0kkEQTxkpB2Orqf19gMRksbRnRonxOdoENE+xUgZK7CrHtfQk5RDDidBirXK8mvFrU7O5nwfpF5CRJIFdtmpOTPBZXBzKINcjcD+8nox1pxECjMkZdd1EuWnSCiKGclKnpYkQXiEBqRrMEKcSD+drZXBE+P0YD8W5kQKztzfEyniUo55aDo5UkO5WJua/9W6WvWv/JRGiVYkwvOH+ppBFcNpRrBHBcGKjQ0gLKj5K8RDJBBWJsmSCcFdXHkZWuc116m5txfl+mkeRxEcgWNQAS64BHVwAxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP7I+vwBq4+eWQ==</latexit><latexit sha1_base64="qNlwrSfEfGYt3oRu/MiUZABmvDc=">AAACFnicbZDLSsNAFIYn9VbrLerSzWBR6qIlEUGXBTcuK9gLNCFMptN26EwS5yK0IU/hxldx40IRt+LOt3HaZqGtPwx8859zmDl/mDAqleN8W4WV1bX1jeJmaWt7Z3fP3j9oyVgLTJo4ZrHohEgSRiPSVFQx0kkEQTxkpB2Orqf19gMRksbRnRonxOdoENE+xUgZK7CrHtfQk5RDDidBirXK8mvFrU7O5nwfpF5CRJIFdtmpOTPBZXBzKINcjcD+8nox1pxECjMkZdd1EuWnSCiKGclKnpYkQXiEBqRrMEKcSD+drZXBE+P0YD8W5kQKztzfEyniUo55aDo5UkO5WJua/9W6WvWv/JRGiVYkwvOH+ppBFcNpRrBHBcGKjQ0gLKj5K8RDJBBWJsmSCcFdXHkZWuc116m5txfl+mkeRxEcgWNQAS64BHVwAxqgCTB4BM/gFbxZT9aL9W59zFsLVj5zCP7I+vwBq4+eWQ==</latexit>

µ ⇠ EJzcut
<latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit>

✓ ⇠ m

EJ
⇠ q?

EJ(1� z)
<latexit sha1_base64="OrkHf7ftnYggukivg41De5VB12s=">AAACI3icbVBNS8NAEN34WetX1aOXxaLowZKIoHgqiCCeFKwtNCVsthO7uJvE3YlQQ/6LF/+KFw9K8eLB/+K29uDXg4HHezPMzAtTKQy67rszMTk1PTNbmivPLywuLVdWVq9MkmkODZ7IRLdCZkCKGBooUEIr1cBUKKEZ3hwP/eYdaCOS+BL7KXQUu45FJDhDKwWVIx97gIz6RijqR5rxXBX5SXBWfJdug9xPQafFyKLb3u79ThFUqm7NHYH+Jd6YVMkY50Fl4HcTnimIkUtmTNtzU+zkTKPgEoqynxlIGb9h19C2NGYKTCcf/VjQTat0aZRoWzHSkfp9ImfKmL4Kbadi2DO/vaH4n9fOMDrs5CJOM4SYfy2KMkkxocPAaFdo4Cj7ljCuhb2V8h6zqaCNtWxD8H6//Jdc7dU8t+Zd7FfrW+M4SmSdbJBt4pEDUien5Jw0CCcP5Im8kFfn0Xl2Bs7bV+uEM55ZIz/gfHwC6GikTA==</latexit><latexit sha1_base64="OrkHf7ftnYggukivg41De5VB12s=">AAACI3icbVBNS8NAEN34WetX1aOXxaLowZKIoHgqiCCeFKwtNCVsthO7uJvE3YlQQ/6LF/+KFw9K8eLB/+K29uDXg4HHezPMzAtTKQy67rszMTk1PTNbmivPLywuLVdWVq9MkmkODZ7IRLdCZkCKGBooUEIr1cBUKKEZ3hwP/eYdaCOS+BL7KXQUu45FJDhDKwWVIx97gIz6RijqR5rxXBX5SXBWfJdug9xPQafFyKLb3u79ThFUqm7NHYH+Jd6YVMkY50Fl4HcTnimIkUtmTNtzU+zkTKPgEoqynxlIGb9h19C2NGYKTCcf/VjQTat0aZRoWzHSkfp9ImfKmL4Kbadi2DO/vaH4n9fOMDrs5CJOM4SYfy2KMkkxocPAaFdo4Cj7ljCuhb2V8h6zqaCNtWxD8H6//Jdc7dU8t+Zd7FfrW+M4SmSdbJBt4pEDUien5Jw0CCcP5Im8kFfn0Xl2Bs7bV+uEM55ZIz/gfHwC6GikTA==</latexit><latexit sha1_base64="OrkHf7ftnYggukivg41De5VB12s=">AAACI3icbVBNS8NAEN34WetX1aOXxaLowZKIoHgqiCCeFKwtNCVsthO7uJvE3YlQQ/6LF/+KFw9K8eLB/+K29uDXg4HHezPMzAtTKQy67rszMTk1PTNbmivPLywuLVdWVq9MkmkODZ7IRLdCZkCKGBooUEIr1cBUKKEZ3hwP/eYdaCOS+BL7KXQUu45FJDhDKwWVIx97gIz6RijqR5rxXBX5SXBWfJdug9xPQafFyKLb3u79ThFUqm7NHYH+Jd6YVMkY50Fl4HcTnimIkUtmTNtzU+zkTKPgEoqynxlIGb9h19C2NGYKTCcf/VjQTat0aZRoWzHSkfp9ImfKmL4Kbadi2DO/vaH4n9fOMDrs5CJOM4SYfy2KMkkxocPAaFdo4Cj7ljCuhb2V8h6zqaCNtWxD8H6//Jdc7dU8t+Zd7FfrW+M4SmSdbJBt4pEDUien5Jw0CCcP5Im8kFfn0Xl2Bs7bV+uEM55ZIz/gfHwC6GikTA==</latexit><latexit sha1_base64="OrkHf7ftnYggukivg41De5VB12s=">AAACI3icbVBNS8NAEN34WetX1aOXxaLowZKIoHgqiCCeFKwtNCVsthO7uJvE3YlQQ/6LF/+KFw9K8eLB/+K29uDXg4HHezPMzAtTKQy67rszMTk1PTNbmivPLywuLVdWVq9MkmkODZ7IRLdCZkCKGBooUEIr1cBUKKEZ3hwP/eYdaCOS+BL7KXQUu45FJDhDKwWVIx97gIz6RijqR5rxXBX5SXBWfJdug9xPQafFyKLb3u79ThFUqm7NHYH+Jd6YVMkY50Fl4HcTnimIkUtmTNtzU+zkTKPgEoqynxlIGb9h19C2NGYKTCcf/VjQTat0aZRoWzHSkfp9ImfKmL4Kbadi2DO/vaH4n9fOMDrs5CJOM4SYfy2KMkkxocPAaFdo4Cj7ljCuhb2V8h6zqaCNtWxD8H6//Jdc7dU8t+Zd7FfrW+M4SmSdbJBt4pEDUien5Jw0CCcP5Im8kFfn0Xl2Bs7bV+uEM55ZIz/gfHwC6GikTA==</latexit>

� � �min
<latexit sha1_base64="tAAP2hMfR9Bnb4QRJpepvBFaYjE=">AAACF3icbZDLSgMxFIYz9VbrrepGcBMsBVdlRgVdFt24rGAv0BmGTJppQ5PMkJwRy1Dfw71bfQV34talb+BjONN2UVsPBD7+/5yc5A9iwQ3Y9rdVWFldW98obpa2tnd298r7By0TJZqyJo1EpDsBMUxwxZrAQbBOrBmRgWDtYHiT++0Hpg2P1D2MYuZJ0lc85JRAJvnlIxcGDAh2DZd4yn4quRr75YpdsyeFl8GZQQXNquGXf9xeRBPJFFBBjOk6dgxeSjRwKti45CaGxYQOSZ91M1REMuOlkx+McTVTejiMdHYU4Ik6P5ESacxIBlmnJDAwi14u/ud1EwivvJSrOAGm6HRRmAgMEc7jwD2uGQUxyoBQzbO3YjogmlDIQitV59fkl8cgH/NonMUglqF1VnPOa/bdRaV+PQupiI7RCTpFDrpEdXSLGqiJKHpCL+gVvVnP1rv1YX1OWwvWbOYQ/Snr6xcSm6CK</latexit>

We work in the threshold region:
Region 1 
Small transverse  
momentum:

Jq/h(q�, EJ , zcut, m) = H(m) � B(�)
+ (q�, EJ (1 � z), EJzcut, mzcut)

<latexit sha1_base64="S0jv6peKKqHW9j4rrhNaYllgqfM="></latexit>

q+ = Q(1 � z)
<latexit sha1_base64="aq49hwee15KM3IFqlMW8h7Y7fRs=">AAACCXicbVDLSgMxFM3UV62vqks3wVKoiGVGBd0IRTcuW7APaMeSSTNtaDITk4xYh36Be7f6C+7ErV/hH/gZZtpZ1OqBC4dz7ovjCUaVtu0vK7OwuLS8kl3Nra1vbG7lt3caKowkJnUcslC2PKQIowGpa6oZaQlJEPcYaXrDq8Rv3hOpaBjc6JEgLkf9gPoUI22kzt3tIbyAtZJz9HjQzRfssj0B/EuclBRAimo3/93phTjiJNCYIaXaji20GyOpKWZknOtEigiEh6hP2oYGiBPlxpOfx7BolB70Q2kq0HCizk7EiCs14p7p5EgP1LyXiP957Uj7525MAxFpEuDpIT9iUIcwCQD2qCRYs5EhCEtqfoV4gCTC2sSUK86eSZYLzR/GJhpnPoi/pHFcdk7Kdu20ULlMQ8qCPbAPSsABZ6ACrkEV1AEGAjyDF/BqPVlv1rv1MW3NWOnMLvgF6/MHLXuZbg==</latexit>
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Matched to SCET

Matched to HQET
Jet axis

Heavy quark

u-c radiation

collinear-soft radiation

✓ ⇠ q?
EJ(1� z)

<latexit sha1_base64="m88r5cnHuJt/D6mi2iNIDRwfeHM=">AAACEXicbVBNS8NAEN34WetX1KOXxaLUgyURQY8FEcSTglWhCWGznbSLmw93J0IN+Qte/CtePCji1Zs3/43b2oNWHww83pthZl6YSaHRcT6ticmp6ZnZylx1fmFxadleWb3Qaa44tHgqU3UVMg1SJNBCgRKuMgUsDiVchteHA//yFpQWaXKO/Qz8mHUTEQnO0EiBXfewB8go9bSIqRcpxouboPAyUFlZFkfBCa27O3fbZWDXnIYzBP1L3BGpkRFOA/vD66Q8jyFBLpnWbdfJ0C+YQsEllFUv15Axfs260DY0YTFovxh+VNJNo3RolCpTCdKh+nOiYLHW/Tg0nTHDnh73BuJ/XjvH6MAvRJLlCAn/XhTlkmJKB/HQjlDAUfYNYVwJcyvlPWZSQRNi1YTgjr/8l1zsNlyn4Z7t1ZpbozgqZJ1skDpxyT5pkmNySlqEk3vySJ7Ji/VgPVmv1tt364Q1mlkjv2C9fwFNd5yQ</latexit><latexit sha1_base64="m88r5cnHuJt/D6mi2iNIDRwfeHM=">AAACEXicbVBNS8NAEN34WetX1KOXxaLUgyURQY8FEcSTglWhCWGznbSLmw93J0IN+Qte/CtePCji1Zs3/43b2oNWHww83pthZl6YSaHRcT6ticmp6ZnZylx1fmFxadleWb3Qaa44tHgqU3UVMg1SJNBCgRKuMgUsDiVchteHA//yFpQWaXKO/Qz8mHUTEQnO0EiBXfewB8go9bSIqRcpxouboPAyUFlZFkfBCa27O3fbZWDXnIYzBP1L3BGpkRFOA/vD66Q8jyFBLpnWbdfJ0C+YQsEllFUv15Axfs260DY0YTFovxh+VNJNo3RolCpTCdKh+nOiYLHW/Tg0nTHDnh73BuJ/XjvH6MAvRJLlCAn/XhTlkmJKB/HQjlDAUfYNYVwJcyvlPWZSQRNi1YTgjr/8l1zsNlyn4Z7t1ZpbozgqZJ1skDpxyT5pkmNySlqEk3vySJ7Ji/VgPVmv1tt364Q1mlkjv2C9fwFNd5yQ</latexit><latexit sha1_base64="m88r5cnHuJt/D6mi2iNIDRwfeHM=">AAACEXicbVBNS8NAEN34WetX1KOXxaLUgyURQY8FEcSTglWhCWGznbSLmw93J0IN+Qte/CtePCji1Zs3/43b2oNWHww83pthZl6YSaHRcT6ticmp6ZnZylx1fmFxadleWb3Qaa44tHgqU3UVMg1SJNBCgRKuMgUsDiVchteHA//yFpQWaXKO/Qz8mHUTEQnO0EiBXfewB8go9bSIqRcpxouboPAyUFlZFkfBCa27O3fbZWDXnIYzBP1L3BGpkRFOA/vD66Q8jyFBLpnWbdfJ0C+YQsEllFUv15Axfs260DY0YTFovxh+VNJNo3RolCpTCdKh+nOiYLHW/Tg0nTHDnh73BuJ/XjvH6MAvRJLlCAn/XhTlkmJKB/HQjlDAUfYNYVwJcyvlPWZSQRNi1YTgjr/8l1zsNlyn4Z7t1ZpbozgqZJ1skDpxyT5pkmNySlqEk3vySJ7Ji/VgPVmv1tt364Q1mlkjv2C9fwFNd5yQ</latexit><latexit sha1_base64="m88r5cnHuJt/D6mi2iNIDRwfeHM=">AAACEXicbVBNS8NAEN34WetX1KOXxaLUgyURQY8FEcSTglWhCWGznbSLmw93J0IN+Qte/CtePCji1Zs3/43b2oNWHww83pthZl6YSaHRcT6ticmp6ZnZylx1fmFxadleWb3Qaa44tHgqU3UVMg1SJNBCgRKuMgUsDiVchteHA//yFpQWaXKO/Qz8mHUTEQnO0EiBXfewB8go9bSIqRcpxouboPAyUFlZFkfBCa27O3fbZWDXnIYzBP1L3BGpkRFOA/vD66Q8jyFBLpnWbdfJ0C+YQsEllFUv15Axfs260DY0YTFovxh+VNJNo3RolCpTCdKh+nOiYLHW/Tg0nTHDnh73BuJ/XjvH6MAvRJLlCAn/XhTlkmJKB/HQjlDAUfYNYVwJcyvlPWZSQRNi1YTgjr/8l1zsNlyn4Z7t1ZpbozgqZJ1skDpxyT5pkmNySlqEk3vySJ7Ji/VgPVmv1tt364Q1mlkjv2C9fwFNd5yQ</latexit>

H(EJ)
<latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit><latexit sha1_base64="HpDMyv4Ekquh4lV7ItaVG5EtaHs=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRalXspuEfRYEKF4qmA/oF1KNs22sdlkSbJCWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZya+sbm1v57cLO7t7+QfHwqKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG9mfvuJKs2keDCTmPoRHgoWMoKNlVr18m3/7qJfLLkVdw60SryMlCBDo1/86g0kSSIqDOFY667nxsZPsTKMcDot9BJNY0zGeEi7lgocUe2n82un6MwqAxRKZUsYNFd/T6Q40noSBbYzwmakl72Z+J/XTUx47adMxImhgiwWhQlHRqLZ62jAFCWGTyzBRDF7KyIjrDAxNqCCDcFbfnmVtKoVz61495el2nkWRx5O4BTK4MEV1KAODWgCgUd4hld4c6Tz4rw7H4vWnJPNHMMfOJ8/NR2OIQ==</latexit>

SG(zcutEJ)
<latexit sha1_base64="+KBX2u68I2izxycn9LkxK18gUlc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEo9VISEfRYEFE8VbQf0Iaw2W7bpZtN2N0Ibegv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7RXtvv6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg19ZtPVCoWiUc9iqkX4r5gPUawNpJvFx/8m/LYT0miJ9f+3alvl5yKMwNaJm5GSpCh5ttfnW5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7PAJOjZKF/UiaUpoNFN/T6Q4VGoUBqYzxHqgFr2p+J/XTnTv0kuZiBNNBZkv6iUc6QhNU0BdJinRfGQIJpKZWxEZYImJNlkVTAju4svLpHFWcZ2Ke39eqp5kceThEI6gDC5cQBVuoQZ1IJDAM7zCmzW2Xqx362PemrOymQP4A+vzB+AYkno=</latexit><latexit sha1_base64="+KBX2u68I2izxycn9LkxK18gUlc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEo9VISEfRYEFE8VbQf0Iaw2W7bpZtN2N0Ibegv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7RXtvv6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg19ZtPVCoWiUc9iqkX4r5gPUawNpJvFx/8m/LYT0miJ9f+3alvl5yKMwNaJm5GSpCh5ttfnW5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7PAJOjZKF/UiaUpoNFN/T6Q4VGoUBqYzxHqgFr2p+J/XTnTv0kuZiBNNBZkv6iUc6QhNU0BdJinRfGQIJpKZWxEZYImJNlkVTAju4svLpHFWcZ2Ke39eqp5kceThEI6gDC5cQBVuoQZ1IJDAM7zCmzW2Xqx362PemrOymQP4A+vzB+AYkno=</latexit><latexit sha1_base64="+KBX2u68I2izxycn9LkxK18gUlc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEo9VISEfRYEFE8VbQf0Iaw2W7bpZtN2N0Ibegv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7RXtvv6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg19ZtPVCoWiUc9iqkX4r5gPUawNpJvFx/8m/LYT0miJ9f+3alvl5yKMwNaJm5GSpCh5ttfnW5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7PAJOjZKF/UiaUpoNFN/T6Q4VGoUBqYzxHqgFr2p+J/XTnTv0kuZiBNNBZkv6iUc6QhNU0BdJinRfGQIJpKZWxEZYImJNlkVTAju4svLpHFWcZ2Ke39eqp5kceThEI6gDC5cQBVuoQZ1IJDAM7zCmzW2Xqx362PemrOymQP4A+vzB+AYkno=</latexit><latexit sha1_base64="+KBX2u68I2izxycn9LkxK18gUlc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEo9VISEfRYEFE8VbQf0Iaw2W7bpZtN2N0Ibegv8eJBEa/+FG/+G7dtDtr6YODx3gwz84KYM6Ud59vKrayurW/kNwtb2zu7RXtvv6GiRBJaJxGPZCvAinImaF0zzWkrlhSHAafNYHg19ZtPVCoWiUc9iqkX4r5gPUawNpJvFx/8m/LYT0miJ9f+3alvl5yKMwNaJm5GSpCh5ttfnW5EkpAKTThWqu06sfZSLDUjnE4KnUTRGJMh7tO2oQKHVHnp7PAJOjZKF/UiaUpoNFN/T6Q4VGoUBqYzxHqgFr2p+J/XTnTv0kuZiBNNBZkv6iUc6QhNU0BdJinRfGQIJpKZWxEZYImJNlkVTAju4svLpHFWcZ2Ke39eqp5kceThEI6gDC5cQBVuoQZ1IJDAM7zCmzW2Xqx362PemrOymQP4A+vzB+AYkno=</latexit>

µ ⇠ q?
<latexit sha1_base64="S9S4S4PYxp+h8pkXnLTiKDpJo+4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIviqsyIoMuCG5cV7AM6w5BJM21okolJRizD/IobF4q49Ufc+Tem7Sy09cCFwzn3cu89sWRUG8/7dipr6xubW9Xt2s7u3v6Be1jv6jRTmHRwylLVj5EmjArSMdQw0peKIB4z0osnNzO/90iUpqm4N1NJQo5GgiYUI2OlyK0HPIOBphw+RHkgiZJF5Da8pjcHXCV+SRqgRDtyv4JhijNOhMEMaT3wPWnCHClDMSNFLcg0kQhP0IgMLBWIEx3m89sLeGqVIUxSZUsYOFd/T+SIaz3lse3kyIz1sjcT//MGmUmuw5wKmRki8GJRkjFoUjgLAg6pItiwqSUIK2pvhXiMFMLGxlWzIfjLL6+S7kXT95r+3WWjdVbGUQXH4AScAx9cgRa4BW3QARg8gWfwCt6cwnlx3p2PRWvFKWeOwB84nz/mfJRB</latexit><latexit sha1_base64="S9S4S4PYxp+h8pkXnLTiKDpJo+4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIviqsyIoMuCG5cV7AM6w5BJM21okolJRizD/IobF4q49Ufc+Tem7Sy09cCFwzn3cu89sWRUG8/7dipr6xubW9Xt2s7u3v6Be1jv6jRTmHRwylLVj5EmjArSMdQw0peKIB4z0osnNzO/90iUpqm4N1NJQo5GgiYUI2OlyK0HPIOBphw+RHkgiZJF5Da8pjcHXCV+SRqgRDtyv4JhijNOhMEMaT3wPWnCHClDMSNFLcg0kQhP0IgMLBWIEx3m89sLeGqVIUxSZUsYOFd/T+SIaz3lse3kyIz1sjcT//MGmUmuw5wKmRki8GJRkjFoUjgLAg6pItiwqSUIK2pvhXiMFMLGxlWzIfjLL6+S7kXT95r+3WWjdVbGUQXH4AScAx9cgRa4BW3QARg8gWfwCt6cwnlx3p2PRWvFKWeOwB84nz/mfJRB</latexit><latexit sha1_base64="S9S4S4PYxp+h8pkXnLTiKDpJo+4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIviqsyIoMuCG5cV7AM6w5BJM21okolJRizD/IobF4q49Ufc+Tem7Sy09cCFwzn3cu89sWRUG8/7dipr6xubW9Xt2s7u3v6Be1jv6jRTmHRwylLVj5EmjArSMdQw0peKIB4z0osnNzO/90iUpqm4N1NJQo5GgiYUI2OlyK0HPIOBphw+RHkgiZJF5Da8pjcHXCV+SRqgRDtyv4JhijNOhMEMaT3wPWnCHClDMSNFLcg0kQhP0IgMLBWIEx3m89sLeGqVIUxSZUsYOFd/T+SIaz3lse3kyIz1sjcT//MGmUmuw5wKmRki8GJRkjFoUjgLAg6pItiwqSUIK2pvhXiMFMLGxlWzIfjLL6+S7kXT95r+3WWjdVbGUQXH4AScAx9cgRa4BW3QARg8gWfwCt6cwnlx3p2PRWvFKWeOwB84nz/mfJRB</latexit><latexit sha1_base64="S9S4S4PYxp+h8pkXnLTiKDpJo+4=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIviqsyIoMuCG5cV7AM6w5BJM21okolJRizD/IobF4q49Ufc+Tem7Sy09cCFwzn3cu89sWRUG8/7dipr6xubW9Xt2s7u3v6Be1jv6jRTmHRwylLVj5EmjArSMdQw0peKIB4z0osnNzO/90iUpqm4N1NJQo5GgiYUI2OlyK0HPIOBphw+RHkgiZJF5Da8pjcHXCV+SRqgRDtyv4JhijNOhMEMaT3wPWnCHClDMSNFLcg0kQhP0IgMLBWIEx3m89sLeGqVIUxSZUsYOFd/T+SIaz3lse3kyIz1sjcT//MGmUmuw5wKmRki8GJRkjFoUjgLAg6pItiwqSUIK2pvhXiMFMLGxlWzIfjLL6+S7kXT95r+3WWjdVbGUQXH4AScAx9cgRa4BW3QARg8gWfwCt6cwnlx3p2PRWvFKWeOwB84nz/mfJRB</latexit>

µ ⇠ mzcut ⇠ m(1� z)
<latexit sha1_base64="6y1eUqQPz1gjDmtcKYYWBBazpZU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYlFoZdEbQM2FhGMA/ILsvsZJIMmZld5iEkS0obf8XGQhFbP8HOv3GSbKHRAxfOnHMvc++JU0aV9rwvp7C0vLK6VlwvbWxube+4u3tNlRiJSQMnLJHtGCnCqCANTTUj7VQSxGNGWvHweuq37olUNBF3epSSkKO+oD2KkbZS5B4G3MBAUQ45HEcZNnqSPyv+2fgURm7Zq3ozwL/Ez0kZ5KhH7mfQTbDhRGjMkFId30t1mCGpKWZkUgqMIinCQ9QnHUsF4kSF2eyQCTy2Shf2EmlLaDhTf05kiCs14rHt5EgP1KI3Ff/zOkb3rsKMitRoIvD8o55hUCdwmgrsUkmwZiNLEJbU7grxAEmEtc2uZEPwF0/+S5rnVd+r+rcX5dpJHkcRHIAjUAE+uAQ1cAPqoAEweABP4AW8Oo/Os/PmvM9bC04+sw9+wfn4BmWLmC0=</latexit><latexit sha1_base64="6y1eUqQPz1gjDmtcKYYWBBazpZU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYlFoZdEbQM2FhGMA/ILsvsZJIMmZld5iEkS0obf8XGQhFbP8HOv3GSbKHRAxfOnHMvc++JU0aV9rwvp7C0vLK6VlwvbWxube+4u3tNlRiJSQMnLJHtGCnCqCANTTUj7VQSxGNGWvHweuq37olUNBF3epSSkKO+oD2KkbZS5B4G3MBAUQ45HEcZNnqSPyv+2fgURm7Zq3ozwL/Ez0kZ5KhH7mfQTbDhRGjMkFId30t1mCGpKWZkUgqMIinCQ9QnHUsF4kSF2eyQCTy2Shf2EmlLaDhTf05kiCs14rHt5EgP1KI3Ff/zOkb3rsKMitRoIvD8o55hUCdwmgrsUkmwZiNLEJbU7grxAEmEtc2uZEPwF0/+S5rnVd+r+rcX5dpJHkcRHIAjUAE+uAQ1cAPqoAEweABP4AW8Oo/Os/PmvM9bC04+sw9+wfn4BmWLmC0=</latexit><latexit sha1_base64="6y1eUqQPz1gjDmtcKYYWBBazpZU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYlFoZdEbQM2FhGMA/ILsvsZJIMmZld5iEkS0obf8XGQhFbP8HOv3GSbKHRAxfOnHMvc++JU0aV9rwvp7C0vLK6VlwvbWxube+4u3tNlRiJSQMnLJHtGCnCqCANTTUj7VQSxGNGWvHweuq37olUNBF3epSSkKO+oD2KkbZS5B4G3MBAUQ45HEcZNnqSPyv+2fgURm7Zq3ozwL/Ez0kZ5KhH7mfQTbDhRGjMkFId30t1mCGpKWZkUgqMIinCQ9QnHUsF4kSF2eyQCTy2Shf2EmlLaDhTf05kiCs14rHt5EgP1KI3Ff/zOkb3rsKMitRoIvD8o55hUCdwmgrsUkmwZiNLEJbU7grxAEmEtc2uZEPwF0/+S5rnVd+r+rcX5dpJHkcRHIAjUAE+uAQ1cAPqoAEweABP4AW8Oo/Os/PmvM9bC04+sw9+wfn4BmWLmC0=</latexit><latexit sha1_base64="6y1eUqQPz1gjDmtcKYYWBBazpZU=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgYlFoZdEbQM2FhGMA/ILsvsZJIMmZld5iEkS0obf8XGQhFbP8HOv3GSbKHRAxfOnHMvc++JU0aV9rwvp7C0vLK6VlwvbWxube+4u3tNlRiJSQMnLJHtGCnCqCANTTUj7VQSxGNGWvHweuq37olUNBF3epSSkKO+oD2KkbZS5B4G3MBAUQ45HEcZNnqSPyv+2fgURm7Zq3ozwL/Ez0kZ5KhH7mfQTbDhRGjMkFId30t1mCGpKWZkUgqMIinCQ9QnHUsF4kSF2eyQCTy2Shf2EmlLaDhTf05kiCs14rHt5EgP1KI3Ff/zOkb3rsKMitRoIvD8o55hUCdwmgrsUkmwZiNLEJbU7grxAEmEtc2uZEPwF0/+S5rnVd+r+rcX5dpJHkcRHIAjUAE+uAQ1cAPqoAEweABP4AW8Oo/Os/PmvM9bC04+sw9+wfn4BmWLmC0=</latexit>

µ ⇠ EJzcut
<latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit><latexit sha1_base64="dWwtbGwlWDzSNva5Kcz45j/nbqU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gUVyURQZcFEcRVBfuAJoTJdNIOnZmEeQg1FPwVNy4Ucet3uPNvnLZZaOuBC4dz7uXee+KMUaU979spLS2vrK6V1ysbm1vbO+7uXkulRmLSxClLZSdGijAqSFNTzUgnkwTxmJF2PLya+O0HIhVNxb0eZSTkqC9oQjHSVorcg4AbGCjK4XV0Cx+jHBs9hpFb9WreFHCR+AWpggKNyP0Keik2nAiNGVKq63uZDnMkNcWMjCuBUSRDeIj6pGupQJyoMJ+eP4bHVunBJJW2hIZT9fdEjrhSIx7bTo70QM17E/E/r2t0chnmVGRGE4FnixLDoE7hJAvYo5JgzUaWICypvRXiAZIIa5tYxYbgz7+8SFpnNd+r+Xfn1fpJEUcZHIIjcAp8cAHq4AY0QBNgkINn8ArenCfnxXl3PmatJaeY2Qd/4Hz+ABC0lM8=</latexit>

µ ⇠ m
<latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit><latexit sha1_base64="K4wNDqTAFHvvYEF088gi5D0Ym0w=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIviqeyKoMeCF48V7Ad2l5JNs21okl2SrFCW/gsvHhTx6r/x5r8xbfegrQ8GHu/NMDMvSgU31vO+UWltfWNzq7xd2dnd2z+oHh61TZJpylo0EYnuRsQwwRVrWW4F66aaERkJ1onGtzO/88S04Yl6sJOUhZIMFY85JdZJj4HMcGC4xLJfrXl1bw68SvyC1KBAs1/9CgYJzSRTlgpiTM/3UhvmRFtOBZtWgsywlNAxGbKeo4pIZsJ8fvEUnzllgONEu1IWz9XfEzmRxkxk5DolsSOz7M3E/7xeZuObMOcqzSxTdLEozgS2CZ69jwdcM2rFxBFCNXe3YjoimlDrQqq4EPzll1dJ+7Lue3X//qrWOC/iKMMJnMIF+HANDbiDJrSAgoJneIU3ZNALekcfi9YSKmaO4Q/Q5w/rN5BS</latexit>

µ ⇠ EJ
<latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit><latexit sha1_base64="GqSlYM/ktTGEFMAJXD3mIFUmsiQ=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPiKeyKoMeACOIpgjGB7BJmJ7PJkJnZZR5CWPIbXjwo4tWf8ebfOEn2oIkFDUVVN91dccaZNr7/7ZVWVtfWN8qbla3tnd296v7Bo06tIrRFUp6qTow15UzSlmGG006mKBYxp+14dD31209UaZbKBzPOaCTwQLKEEWycFIbColAzgW56d71qza/7M6BlEhSkBgWavepX2E+JFVQawrHW3cDPTJRjZRjhdFIJraYZJiM8oF1HJRZUR/ns5gk6cUofJalyJQ2aqb8nciy0HovYdQpshnrRm4r/eV1rkqsoZzKzhkoyX5RYjkyKpgGgPlOUGD52BBPF3K2IDLHCxLiYKi6EYPHlZfJ4Xg/8enB/UWucFnGU4QiO4QwCuIQG3EITWkAgg2d4hTfPei/eu/cxby15xcwh/IH3+QP/55Dn</latexit>

B+(q
+, zcut)

<latexit sha1_base64="/xDsKQMsusXzSxQy05PhH4fgH0Q=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WpVEoigi6LblxWsA9oY5hMJ+3QySTO3BRq6J+4caGIW//EnX/j9LHQ6oELh3Pu5d57gkRwDY7zZeWWlldW1/LrhY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMYXE/85pApzWN5B6OEeRHpSR5ySsBIvm1f+eXSw3359NHPaArjE98uOhVnCvyXuHNSRHPUfPuz041pGjEJVBCt266TgJcRBZwKNi50Us0SQgekx9qGShIx7WXTy8f4yChdHMbKlAQ8VX9OZCTSehQFpjMi0NeL3kT8z2unEF56GZdJCkzS2aIwFRhiPIkBd7liFMTIEEIVN7di2ieKUDBhFUwI7uLLf0njrOI6Fff2vFg9nseRRwfoEJWQiy5QFd2gGqojioboCb2gVyuznq03633WmrPmM/voF6yPbxTkko8=</latexit><latexit sha1_base64="/xDsKQMsusXzSxQy05PhH4fgH0Q=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WpVEoigi6LblxWsA9oY5hMJ+3QySTO3BRq6J+4caGIW//EnX/j9LHQ6oELh3Pu5d57gkRwDY7zZeWWlldW1/LrhY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMYXE/85pApzWN5B6OEeRHpSR5ySsBIvm1f+eXSw3359NHPaArjE98uOhVnCvyXuHNSRHPUfPuz041pGjEJVBCt266TgJcRBZwKNi50Us0SQgekx9qGShIx7WXTy8f4yChdHMbKlAQ8VX9OZCTSehQFpjMi0NeL3kT8z2unEF56GZdJCkzS2aIwFRhiPIkBd7liFMTIEEIVN7di2ieKUDBhFUwI7uLLf0njrOI6Fff2vFg9nseRRwfoEJWQiy5QFd2gGqojioboCb2gVyuznq03633WmrPmM/voF6yPbxTkko8=</latexit><latexit sha1_base64="/xDsKQMsusXzSxQy05PhH4fgH0Q=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WpVEoigi6LblxWsA9oY5hMJ+3QySTO3BRq6J+4caGIW//EnX/j9LHQ6oELh3Pu5d57gkRwDY7zZeWWlldW1/LrhY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMYXE/85pApzWN5B6OEeRHpSR5ySsBIvm1f+eXSw3359NHPaArjE98uOhVnCvyXuHNSRHPUfPuz041pGjEJVBCt266TgJcRBZwKNi50Us0SQgekx9qGShIx7WXTy8f4yChdHMbKlAQ8VX9OZCTSehQFpjMi0NeL3kT8z2unEF56GZdJCkzS2aIwFRhiPIkBd7liFMTIEEIVN7di2ieKUDBhFUwI7uLLf0njrOI6Fff2vFg9nseRRwfoEJWQiy5QFd2gGqojioboCb2gVyuznq03633WmrPmM/voF6yPbxTkko8=</latexit><latexit sha1_base64="/xDsKQMsusXzSxQy05PhH4fgH0Q=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WpVEoigi6LblxWsA9oY5hMJ+3QySTO3BRq6J+4caGIW//EnX/j9LHQ6oELh3Pu5d57gkRwDY7zZeWWlldW1/LrhY3Nre0de3evoeNUUVansYhVKyCaCS5ZHTgI1koUI1EgWDMYXE/85pApzWN5B6OEeRHpSR5ySsBIvm1f+eXSw3359NHPaArjE98uOhVnCvyXuHNSRHPUfPuz041pGjEJVBCt266TgJcRBZwKNi50Us0SQgekx9qGShIx7WXTy8f4yChdHMbKlAQ8VX9OZCTSehQFpjMi0NeL3kT8z2unEF56GZdJCkzS2aIwFRhiPIkBd7liFMTIEEIVN7di2ieKUDBhFUwI7uLLf0njrOI6Fff2vFg9nseRRwfoEJWQiy5QFd2gGqojioboCb2gVyuznq03633WmrPmM/voF6yPbxTkko8=</latexit>

H+(m)
<latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit><latexit sha1_base64="p/nB+M1H6f22N8dbpnYeKEG7lCg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoMSEcKuCHoMeMkxgnlAsoTZyWwyZh7LzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vdza+sbmVn67sLO7t39QPDxqGpVqQhtEcaXbETaUM0kblllO24mmWESctqLR3cxvPVFtmJIPdpzQUOCBZDEj2DqpWetdlsVFr1jyK/4caJUEGSlBhnqv+NXtK5IKKi3h2JhO4Cc2nGBtGeF0WuimhiaYjPCAdhyVWFATTubXTtGZU/ooVtqVtGiu/p6YYGHMWESuU2A7NMveTPzP66Q2vg0nTCappZIsFsUpR1ah2euozzQllo8dwUQzdysiQ6wxsS6gggshWH55lTSvKoFfCe6vS9XzLI48nMAplCGAG6hCDerQAAKP8Ayv8OYp78V79z4WrTkvmzmGP/A+fwBDBI4q</latexit>

J(zcut, q
+, q?,m)

<latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit><latexit sha1_base64="XUa2ntLgu+ftdpPGNcJepoLvq78=">AAACA3icbVDLSsNAFJ3UV62vqDvdBItSsZREBF0W3IirCvYBbQyT6aQdOjNJZyZCDQE3/oobF4q49Sfc+TdO2yy09cCFwzn3cu89fkSJVLb9beQWFpeWV/KrhbX1jc0tc3unIcNYIFxHIQ1Fy4cSU8JxXRFFcSsSGDKf4qY/uBz7zXssJAn5rRpF2GWwx0lAEFRa8sy969KDl6BYpeXh3Ul56CWdCIsoLbNjzyzaFXsCa544GSmCDDXP/Op0QxQzzBWiUMq2Y0fKTaBQBFGcFjqxxBFEA9jDbU05ZFi6yeSH1DrUStcKQqGLK2ui/p5IIJNyxHzdyaDqy1lvLP7ntWMVXLgJ4VGsMEfTRUFMLRVa40CsLhEYKTrSBCJB9K0W6kMBkdKxFXQIzuzL86RxWnHsinNzVqweZXHkwT44ACXggHNQBVegBuoAgUfwDF7Bm/FkvBjvxse0NWdkM7vgD4zPHxjjlxE=</latexit>

SC(q?, zcut)
<latexit sha1_base64="v+RCTrgbkh9s29Hr+Zis/PoxBm4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWBRKkhJRNBloRuXFe0D2hAm00k7dDIZZyZCjVn4K25cKOLW33Dn3zhts9DqgQuHc+7l3nsCwajSjvNlFRYWl5ZXiqultfWNzS17e6el4kRi0sQxi2UnQIowyklTU81IR0iCooCRdjCqT/z2HZGKxvxGjwXxIjTgNKQYaSP59t61X6/c+mlPECmyk3s/xYnOjn277FSdKeBf4uakDHI0fPuz149xEhGuMUNKdV1HaC9FUlPMSFbqJYoIhEdoQLqGchQR5aXT+zN4aJQ+DGNpims4VX9OpChSahwFpjNCeqjmvYn4n9dNdHjhpZSLRBOOZ4vChEEdw0kYsE8lwZqNDUFYUnMrxEMkEdYmspIJwZ1/+S9pnVZdp+penZVrR3kcRbAPDkAFuOAc1MAlaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cwu+AXr4xu/25XV</latexit><latexit sha1_base64="v+RCTrgbkh9s29Hr+Zis/PoxBm4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWBRKkhJRNBloRuXFe0D2hAm00k7dDIZZyZCjVn4K25cKOLW33Dn3zhts9DqgQuHc+7l3nsCwajSjvNlFRYWl5ZXiqultfWNzS17e6el4kRi0sQxi2UnQIowyklTU81IR0iCooCRdjCqT/z2HZGKxvxGjwXxIjTgNKQYaSP59t61X6/c+mlPECmyk3s/xYnOjn277FSdKeBf4uakDHI0fPuz149xEhGuMUNKdV1HaC9FUlPMSFbqJYoIhEdoQLqGchQR5aXT+zN4aJQ+DGNpims4VX9OpChSahwFpjNCeqjmvYn4n9dNdHjhpZSLRBOOZ4vChEEdw0kYsE8lwZqNDUFYUnMrxEMkEdYmspIJwZ1/+S9pnVZdp+penZVrR3kcRbAPDkAFuOAc1MAlaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cwu+AXr4xu/25XV</latexit><latexit sha1_base64="v+RCTrgbkh9s29Hr+Zis/PoxBm4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWBRKkhJRNBloRuXFe0D2hAm00k7dDIZZyZCjVn4K25cKOLW33Dn3zhts9DqgQuHc+7l3nsCwajSjvNlFRYWl5ZXiqultfWNzS17e6el4kRi0sQxi2UnQIowyklTU81IR0iCooCRdjCqT/z2HZGKxvxGjwXxIjTgNKQYaSP59t61X6/c+mlPECmyk3s/xYnOjn277FSdKeBf4uakDHI0fPuz149xEhGuMUNKdV1HaC9FUlPMSFbqJYoIhEdoQLqGchQR5aXT+zN4aJQ+DGNpims4VX9OpChSahwFpjNCeqjmvYn4n9dNdHjhpZSLRBOOZ4vChEEdw0kYsE8lwZqNDUFYUnMrxEMkEdYmspIJwZ1/+S9pnVZdp+penZVrR3kcRbAPDkAFuOAc1MAlaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cwu+AXr4xu/25XV</latexit><latexit sha1_base64="v+RCTrgbkh9s29Hr+Zis/PoxBm4=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWBRKkhJRNBloRuXFe0D2hAm00k7dDIZZyZCjVn4K25cKOLW33Dn3zhts9DqgQuHc+7l3nsCwajSjvNlFRYWl5ZXiqultfWNzS17e6el4kRi0sQxi2UnQIowyklTU81IR0iCooCRdjCqT/z2HZGKxvxGjwXxIjTgNKQYaSP59t61X6/c+mlPECmyk3s/xYnOjn277FSdKeBf4uakDHI0fPuz149xEhGuMUNKdV1HaC9FUlPMSFbqJYoIhEdoQLqGchQR5aXT+zN4aJQ+DGNpims4VX9OpChSahwFpjNCeqjmvYn4n9dNdHjhpZSLRBOOZ4vChEEdw0kYsE8lwZqNDUFYUnMrxEMkEdYmspIJwZ1/+S9pnVZdp+penZVrR3kcRbAPDkAFuOAc1MAlaIAmwOABPIEX8Go9Ws/Wm/U+ay1Y+cwu+AXr4xu/25XV</latexit>

Jm(q+,m)
<latexit sha1_base64="uX8oZ0mXoxxZ50PeI/rj2zkeSDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRalopRdEfRY8CKeKtgPaNeSTdM2NMluk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXhBxpo3rfjuZldW19Y3sZm5re2d3L79/UNNhrAitkpCHqhFgTTmTtGqY4bQRKYpFwGk9GNxO/fqIKs1C+WjGEfUF7knWZQQbK/n37URMUHH4dH4hztr5gltyZ0DLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp5NcK9Y0wmSAe7RpqcSCaj+ZHT1BJ1bpoG6obEmDZurviQQLrccisJ0Cm75e9Kbif14zNt0bP2Eyig2VZL6oG3NkQjRNAHWYosTwsSWYKGZvRaSPFSbG5pSzIXiLLy+T2mXJc0vew1WhfJrGkYUjOIYieHANZbiDClSBwBCe4RXenJHz4rw7H/PWjJPOHMIfOJ8/KbyQ8g==</latexit><latexit sha1_base64="uX8oZ0mXoxxZ50PeI/rj2zkeSDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRalopRdEfRY8CKeKtgPaNeSTdM2NMluk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXhBxpo3rfjuZldW19Y3sZm5re2d3L79/UNNhrAitkpCHqhFgTTmTtGqY4bQRKYpFwGk9GNxO/fqIKs1C+WjGEfUF7knWZQQbK/n37URMUHH4dH4hztr5gltyZ0DLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp5NcK9Y0wmSAe7RpqcSCaj+ZHT1BJ1bpoG6obEmDZurviQQLrccisJ0Cm75e9Kbif14zNt0bP2Eyig2VZL6oG3NkQjRNAHWYosTwsSWYKGZvRaSPFSbG5pSzIXiLLy+T2mXJc0vew1WhfJrGkYUjOIYieHANZbiDClSBwBCe4RXenJHz4rw7H/PWjJPOHMIfOJ8/KbyQ8g==</latexit><latexit sha1_base64="uX8oZ0mXoxxZ50PeI/rj2zkeSDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRalopRdEfRY8CKeKtgPaNeSTdM2NMluk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXhBxpo3rfjuZldW19Y3sZm5re2d3L79/UNNhrAitkpCHqhFgTTmTtGqY4bQRKYpFwGk9GNxO/fqIKs1C+WjGEfUF7knWZQQbK/n37URMUHH4dH4hztr5gltyZ0DLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp5NcK9Y0wmSAe7RpqcSCaj+ZHT1BJ1bpoG6obEmDZurviQQLrccisJ0Cm75e9Kbif14zNt0bP2Eyig2VZL6oG3NkQjRNAHWYosTwsSWYKGZvRaSPFSbG5pSzIXiLLy+T2mXJc0vew1WhfJrGkYUjOIYieHANZbiDClSBwBCe4RXenJHz4rw7H/PWjJPOHMIfOJ8/KbyQ8g==</latexit><latexit sha1_base64="uX8oZ0mXoxxZ50PeI/rj2zkeSDE=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRalopRdEfRY8CKeKtgPaNeSTdM2NMluk2yhLP0dXjwo4tUf481/Y9ruQVsfDDzem2FmXhBxpo3rfjuZldW19Y3sZm5re2d3L79/UNNhrAitkpCHqhFgTTmTtGqY4bQRKYpFwGk9GNxO/fqIKs1C+WjGEfUF7knWZQQbK/n37URMUHH4dH4hztr5gltyZ0DLxEtJAVJU2vmvVicksaDSEI61bnpuZPwEK8MIp5NcK9Y0wmSAe7RpqcSCaj+ZHT1BJ1bpoG6obEmDZurviQQLrccisJ0Cm75e9Kbif14zNt0bP2Eyig2VZL6oG3NkQjRNAHWYosTwsSWYKGZvRaSPFSbG5pSzIXiLLy+T2mXJc0vew1WhfJrGkYUjOIYieHANZbiDClSBwBCe4RXenJHz4rw7H/PWjJPOHMIfOJ8/KbyQ8g==</latexit>

✓ ⇠ m

EJ
<latexit sha1_base64="1CvuWtmZvwKRJlEXpFaVcBiAYnU=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJVEBD0WRBBPFewHNKFstpt26W4SdidCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEsE1OM63VVpaXlldK69XNja3tnfs3b2WjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0NfHbD0xpHkf3ME6YL8kg4iGnBIzUsw88GDIg2NNcYi9UhGYyz657t3nPrjo1Zwq8SNyCVFGBRs/+8voxTSWLgAqiddd1EvAzooBTwfKKl2qWEDoiA9Y1NCKSaT+bvpDjY6P0cRgrUxHgqfp7IiNS67EMTKckMNTz3kT8z+umEF76GY+SFFhEZ4vCVGCI8SQP3OeKURBjQwhV3NyK6ZCYHMCkVjEhuPMvL5LWWc11au7debV+UsRRRofoCJ0iF12gOrpBDdREFD2iZ/SK3qwn68V6tz5mrSWrmNlHf2B9/gAYfJcj</latexit><latexit sha1_base64="1CvuWtmZvwKRJlEXpFaVcBiAYnU=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJVEBD0WRBBPFewHNKFstpt26W4SdidCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEsE1OM63VVpaXlldK69XNja3tnfs3b2WjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0NfHbD0xpHkf3ME6YL8kg4iGnBIzUsw88GDIg2NNcYi9UhGYyz657t3nPrjo1Zwq8SNyCVFGBRs/+8voxTSWLgAqiddd1EvAzooBTwfKKl2qWEDoiA9Y1NCKSaT+bvpDjY6P0cRgrUxHgqfp7IiNS67EMTKckMNTz3kT8z+umEF76GY+SFFhEZ4vCVGCI8SQP3OeKURBjQwhV3NyK6ZCYHMCkVjEhuPMvL5LWWc11au7debV+UsRRRofoCJ0iF12gOrpBDdREFD2iZ/SK3qwn68V6tz5mrSWrmNlHf2B9/gAYfJcj</latexit><latexit sha1_base64="1CvuWtmZvwKRJlEXpFaVcBiAYnU=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJVEBD0WRBBPFewHNKFstpt26W4SdidCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEsE1OM63VVpaXlldK69XNja3tnfs3b2WjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0NfHbD0xpHkf3ME6YL8kg4iGnBIzUsw88GDIg2NNcYi9UhGYyz657t3nPrjo1Zwq8SNyCVFGBRs/+8voxTSWLgAqiddd1EvAzooBTwfKKl2qWEDoiA9Y1NCKSaT+bvpDjY6P0cRgrUxHgqfp7IiNS67EMTKckMNTz3kT8z+umEF76GY+SFFhEZ4vCVGCI8SQP3OeKURBjQwhV3NyK6ZCYHMCkVjEhuPMvL5LWWc11au7debV+UsRRRofoCJ0iF12gOrpBDdREFD2iZ/SK3qwn68V6tz5mrSWrmNlHf2B9/gAYfJcj</latexit><latexit sha1_base64="1CvuWtmZvwKRJlEXpFaVcBiAYnU=">AAACAnicbVBNS8NAEN3Ur1q/op7Ey2JRPJVEBD0WRBBPFewHNKFstpt26W4SdidCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMwLEsE1OM63VVpaXlldK69XNja3tnfs3b2WjlNFWZPGIladgGgmeMSawEGwTqIYkYFg7WB0NfHbD0xpHkf3ME6YL8kg4iGnBIzUsw88GDIg2NNcYi9UhGYyz657t3nPrjo1Zwq8SNyCVFGBRs/+8voxTSWLgAqiddd1EvAzooBTwfKKl2qWEDoiA9Y1NCKSaT+bvpDjY6P0cRgrUxHgqfp7IiNS67EMTKckMNTz3kT8z+umEF76GY+SFFhEZ4vCVGCI8SQP3OeKURBjQwhV3NyK6ZCYHMCkVjEhuPMvL5LWWc11au7debV+UsRRRofoCJ0iF12gOrpBDdREFD2iZ/SK3qwn68V6tz5mrSWrmNlHf2B9/gAYfJcj</latexit>

Region 2 
“Large” transverse  
momentum: � � �min

<latexit sha1_base64="W9msOmf6SkHMyhA97asxSUr7CN8=">AAACFnicbZC7TsMwFIYdrqXcAgwMLBZVJaYqASQYK1gYi0QvUhNVjuu2Vm0nsk8QVZT3YGeFV2BDrKy8AY9B0mYoLUey9On/z/Gx/yAS3IDjfFsrq2vrG5ulrfL2zu7evn1w2DJhrClr0lCEuhMQwwRXrAkcBOtEmhEZCNYOxre5335k2vBQPcAkYr4kQ8UHnBLIpJ597MGIAcHecIhn2EskV2nPrjg1Z1p4GdwCKqioRs/+8fohjSVTQAUxpus6EfgJ0cCpYGnZiw2LCB2TIetmqIhkxk+mH0hxNVP6eBDq7CjAU3V+IiHSmIkMsk5JYGQWvVz8z+vGMLj2E66iGJiis0WDWGAIcZ4G7nPNKIhJBoRqnr0V0xHRhEKWWbk6vya/PAL5lEfjLgaxDK3zmntRc+4vK/WbIqQSOkGn6Ay56ArV0R1qoCaiKEUv6BW9Wc/Wu/Vhfc5aV6xi5gj9KevrFx40oAU=</latexit>

Jq/h(q�, EJ , zcut, m) = H(m) � SC(EJzcut, q
+, q�) �z B+(q+, EJzcut, mzcut)

<latexit sha1_base64="25JiXuUmba4tLsesiU0koEp8FWE="></latexit>

Re-Factorization for heavy quark
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Multiplicative matching:

W + FO - ASY
<latexit sha1_base64="bH39IEH8gRwzNLaXvdV4JcCj3DA=">AAACEnicbVDLSsNAFJ34rPUV7dLNYCkIYklU0GVVEHdWtA9pQ5lMJ+3QyYOZG2kI/Qv3bvUX3Ilbf8A/8DNM2ixq64ELh3Pui2MHgiswjG9tYXFpeWU1t5Zf39jc2tZ3duvKDyVlNeoLXzZtopjgHqsBB8GagWTEtQVr2IOr1G88Mam47z1AFDDLJT2PO5wSSKSOXmgDG0LcwIf4+hYf4Yv7x1FHLxplYww8T8yMFFGGakf/aXd9GrrMAyqIUi3TCMCKiQROBRvl26FiAaED0mOthHrEZcqKx8+PcClRutjxZVIe4LE6PRETV6nItZNOl0BfzXqp+J/XCsE5t2LuBSEwj04OOaHA4OM0CdzlklEQUUIIlTz5FdM+kYRCkle+NH0mXR6AO0yjMWeDmCf147J5UjbuTouVyyykHNpD++gAmegMVdANqqIaoihCL+gVvWnP2rv2oX1OWhe0bKaA/kD7+gVjXJy+</latexit>

Additive matching:

- captures power corrections

- numerically unstable 

W � FO

ASY
<latexit sha1_base64="MAp+akKfGqff9HUcTBVDm1yPOTQ=">AAACK3icbVDLSgMxFM3UV62vqks3wSK4kDKjgi6rgrizon1Ip5RMmmlDMw+SO9IyzE/4H+7d6i+4UtwKfoaZdhbVeiFwcs699yTHCQVXYJrvRm5ufmFxKb9cWFldW98obm7VVRBJymo0EIFsOkQxwX1WAw6CNUPJiOcI1nAGF6neeGBS8cC/g1HI2h7p+dzllICmOsUD25WExjawIcSNBNvAPabw5H55nSSZdHZ7nySdYsksm+PCs8DKQAllVe0Uv+1uQCOP+UAFUaplmSG0YyKBU8GSgh0pFhI6ID3W0tAn2rsdj3+V4D3NdLEbSH18wGN2eiImnlIjz9GdHoG++qul5H9aKwL3tB1zP4yA+XRi5EYCQ4DTiHCXS0ZBjDQgVHL9Vkz7RMcEOsjC3rRNujwEb5hGY/0NYhbUD8vWUdm8OS5VzrOQ8mgH7aJ9ZKETVEFXqIpqiKJH9Ixe0KvxZLwZH8bnpDVnZDPb6FcZXz+FT6m4</latexit>

d� =
<latexit sha1_base64="qmzJ54gBeinv65CM0cd2R5pfp8A=">AAACB3icbVDLSgMxFM3UV62vqks3wVJwVWZU0I1QdOOygn1gO5RMJtOGJpkhuSOWoR/g3q3+gjtx62f4B36G6WNRWw8EDufcV06QCG7Adb+d3Mrq2vpGfrOwtb2zu1fcP2iYONWU1WksYt0KiGGCK1YHDoK1Es2IDARrBoObsd98ZNrwWN3DMGG+JD3FI04JWOkh7BjekwRf4W6x5FbcCfAy8WakhGaodYs/nTCmqWQKqCDGtD03AT8jGjgVbFTopIYlhA5Ij7UtVUQy42eTi0e4bJUQR7G2TwGeqPMdGZHGDGVgKyWBvln0xuJ/XjuF6NLPuEpSYIpOF0WpwBDj8fdxyDWjIIaWEKq5vRXTPtGEgg2pUJ5fMx6egHwa2Wi8xSCWSeO04p1V3LvzUvV6FlIeHaFjdII8dIGq6BbVUB1RpNALekVvzrPz7nw4n9PSnDPrOUR/4Hz9AniYmbc=</latexit>

d� =
<latexit sha1_base64="qmzJ54gBeinv65CM0cd2R5pfp8A=">AAACB3icbVDLSgMxFM3UV62vqks3wVJwVWZU0I1QdOOygn1gO5RMJtOGJpkhuSOWoR/g3q3+gjtx62f4B36G6WNRWw8EDufcV06QCG7Adb+d3Mrq2vpGfrOwtb2zu1fcP2iYONWU1WksYt0KiGGCK1YHDoK1Es2IDARrBoObsd98ZNrwWN3DMGG+JD3FI04JWOkh7BjekwRf4W6x5FbcCfAy8WakhGaodYs/nTCmqWQKqCDGtD03AT8jGjgVbFTopIYlhA5Ij7UtVUQy42eTi0e4bJUQR7G2TwGeqPMdGZHGDGVgKyWBvln0xuJ/XjuF6NLPuEpSYIpOF0WpwBDj8fdxyDWjIIaWEKq5vRXTPtGEgg2pUJ5fMx6egHwa2Wi8xSCWSeO04p1V3LvzUvV6FlIeHaFjdII8dIGq6BbVUB1RpNALekVvzrPz7nw4n9PSnDPrOUR/4Hz9AniYmbc=</latexit>

Small pT

“Large” pT
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Multiplicative matching:

Use “profile functions” for switching scales:
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Multiplicative matching:

d�(2)
<latexit sha1_base64="hxsyhIMctyTybU4vMeb0kR+UfA4=">AAACCnicbVDLTsJAFJ36RHyhLt00EhLckBZNdEl04xITeSRQyXQ6wISZaZ25NZKGP3DvVn/BnXHrT/gHfoZT6ALBk9zk5Jz7yvEjzjQ4zre1srq2vrGZ28pv7+zu7RcODps6jBWhDRLyULV9rClnkjaAAaftSFEsfE5b/ug69VuPVGkWyjsYR9QTeCBZnxEMRvKCrmYDge+TcvV00isUnYozhb1M3IwUUYZ6r/DTDUISCyqBcKx1x3Ui8BKsgBFOJ/lurGmEyQgPaMdQiQXVXjJ9emKXjBLY/VCZkmBP1fmJBAutx8I3nQLDUC96qfif14mhf+klTEYxUElmh/oxtyG00wTsgClKgI8NwUQx86tNhlhhAianfGn+TLo8AvGURuMuBrFMmtWKe1Zxbs+LtasspBw6RieojFx0gWroBtVRAxH0gF7QK3qznq1368P6nLWuWNnMEfoD6+sXIgSbMQ==</latexit>

d�(2�FO)
<latexit sha1_base64="F89PKFlTTj3oxrXxzGWlmUn2jPE=">AAACFnicbVDLSsNAFJ3UV62vqgsXboKlUBeWpAq6LArizgr2AW0sk8m0HTqThJkbaQn5D/du9RfciVu3/oGf4aTtolYPXDicc+/cuccNOVNgWV9GZml5ZXUtu57b2Nza3snv7jVUEElC6yTggWy5WFHOfFoHBpy2QkmxcDltusOr1G8+UqlY4N/DOKSOwH2f9RjBoKVu/sDrKNYX+CEuVU46QEcQX98mx0k3X7DK1gTmX2LPSAHNUOvmvzteQCJBfSAcK9W2rRCcGEtghNMk14kUDTEZ4j5ta+pjQZUTTw5IzKJWPLMXSF0+mBN1fiLGQqmxcHWnwDBQi14q/ue1I+hdODHzwwioT6aLehE3ITDTNEyPSUqAjzXBRDL9V5MMsMQEdGa54vya9PEQxCiNxl4M4i9pVMr2adm6OytUL2chZdEhOkIlZKNzVEU3qIbqiKAEPaMX9Go8GW/Gu/Exbc0Ys5l99AvG5w998J+h</latexit>

d�(1)
<latexit sha1_base64="gpqgFxC5VBzvbC/0ukauoYJE4sU=">AAACCnicbVDLTsJAFL3FF+ILdemmkZDghrRqokuiG5eYyCOBSqbTASbMTOvM1Ega/sC9W/0Fd8atP+Ef+BlOoQsET3KTk3PuK8ePGFXacb6t3Mrq2vpGfrOwtb2zu1fcP2iqMJaYNHDIQtn2kSKMCtLQVDPSjiRB3Gek5Y+uU7/1SKSiobjT44h4HA0E7VOMtJG8oKvogKP7pOKeTHrFklN1prCXiZuREmSo94o/3SDEMSdCY4aU6rhOpL0ESU0xI5NCN1YkQniEBqRjqECcKC+ZPj2xy0YJ7H4oTQltT9X5iQRxpcbcN50c6aFa9FLxP68T6/6ll1ARxZoIPDvUj5mtQztNwA6oJFizsSEIS2p+tfEQSYS1yalQnj+TLo80f0qjcReDWCbN06p7VnVuz0u1qyykPBzBMVTAhQuowQ3UoQEYHuAFXuHNerberQ/rc9aas7KZQ/gD6+sXIGibMA==</latexit>

d�
<latexit sha1_base64="fd7A+PkvqrZA/MVQr/xvDticl4E=">AAACBHicbVDLSgMxFL1TX7W+qi7dBEvBVZlRQZdFNy4r2Ae0Q8lkMm1okhmSjFhKt+7d6i+4E7f+h3/gZ5hpZ1FbDwQO59xXTpBwpo3rfjuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNgTTmTtGmY4bSTKIpFwGk7GN1mfvuRKs1i+WDGCfUFHkgWMYKNldphT7OBwP1yxa25M6BV4uWkAjka/fJPL4xJKqg0hGOtu56bGH+ClWGE02mpl2qaYDLCA9q1VGJBtT+ZnTtFVauEKIqVfdKgmbrYMcFC67EIbKXAZqiXvUz8z+umJrr2J0wmqaGSzBdFKUcmRtnfUcgUJYaPLcFEMXsrIkOsMDE2oVJ1cU02PDHiaWqj8ZaDWCWt85p3UXPvLyv1mzykIpzAKZyBB1dQhztoQBMIjOAFXuHNeXbenQ/nc15acPKeY/gD5+sXOE+ZHA==</latexit>
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Multiplicative matching:

Comparison to simulations0 10 20 30 40 50 60
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The shape of the distribution does not depend on the hard scale of the process (Q).  

Change of the hard scale extends the applicability of the EFT.
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Pythia: Hadronization OFF



Hadronization Effects
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Leading contribution comes from the shift in energy fraction. 
Opposite effect from standard TMD-models. 

OPE leading contribution consistent with the model:



Hadronization Effects
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Leading contribution comes from the shift in energy fraction. 
Opposite effect from standard TMD-models. 



In jet fragmentation summary  

- Use EFT (SCET/HQET) for factorization and resummation of large logarithms 
- No logarithmic enhancements from boundary effects (NGLs) 
- Can easily extended for hadrons + jet substructure  (e.g. jet mass and 

angularities in preparation + preliminary results for light hadrons)  
- Observable easy to relate between e+ e- and DIS

- Groomed TMD fragmentation can be studied directly in momentum space 

- Good discriminating observable for extracting non-perturbative TMD evolution   

In the perturbative regime: 

In the non-perturbative regime: 

Study fragmentation within groomed jets:
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Additional slides 
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Groomed Jet Axis (GJA) - Hadronization Effects 
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zcut = 0.1
<latexit sha1_base64="9SIBcwyB+bi521BNpb3ZV9WLSR8=">AAACCXicbVDLSsNAFJ3UV62vqks3g6XgKiQq6EYounFZwT6gDWUynbRDZ5IwcyPWkC9w71Z/wZ249Sv8Az/DSdtFbT1w4XDOfXH8WHANjvNtFVZW19Y3ipulre2d3b3y/kFTR4mirEEjEam2TzQTPGQN4CBYO1aMSF+wlj+6yf3WA1OaR+E9jGPmSTIIecApASN1n3opTSDDV47t9soVx3YmwMvEnZEKmqHeK/90+xFNJAuBCqJ1x3Vi8FKigFPBslI30SwmdEQGrGNoSCTTXjr5OcNVo/RxEClTIeCJOj+REqn1WPqmUxIY6kUvF//zOgkEl17KwzgBFtLpoSARGCKcB4D7XDEKYmwIoYqbXzEdEkUomJhK1fkz+fIY5GNmonEXg1gmzVPbPbOdu/NK7XoWUhEdoWN0glx0gWroFtVRA1EUoxf0it6sZ+vd+rA+p60FazZziP7A+voF92mahg==</latexit>

ln(QR/q�)
<latexit sha1_base64="d8Y6HOWCj1/CUFVqr7koCwfl2BU=">AAACEHicbVDLTsJAFJ3iC/EFunTTSEhwg62a6JLoxiUYeSS0aabDFCZMp+PMVCVNf8K9W/0Fd8atf+Af+BkO0AWCJ7nJyTn3leNzSqSyrG8jt7K6tr6R3yxsbe/s7hVL+20ZxQLhFopoJLo+lJgShluKKIq7XGAY+hR3/NH1xO88YCFJxO7UmGM3hANGAoKg0pJXLDmUVZu3J/de4nAseHrsFctWzZrCXCZ2RsogQ8Mr/jj9CMUhZgpRKGXPtrhyEygUQRSnBSeWmEM0ggPc05TBEEs3mb6emhWt9M0gErqYMqfq/EQCQynHoa87Q6iGctGbiP95vVgFl25CGI8VZmh2KIipqSJzkoPZJwIjRceaQCSI/tVEQyggUjqtQmX+zGQ5V+FTqqOxF4NYJu3Tmn1Ws5rn5fpVFlIeHIIjUAU2uAB1cAMaoAUQeAQv4BW8Gc/Gu/FhfM5ac0Y2cwD+wPj6BbpInRQ=</latexit>

ln(QR/q�)
<latexit sha1_base64="d8Y6HOWCj1/CUFVqr7koCwfl2BU=">AAACEHicbVDLTsJAFJ3iC/EFunTTSEhwg62a6JLoxiUYeSS0aabDFCZMp+PMVCVNf8K9W/0Fd8atf+Af+BkO0AWCJ7nJyTn3leNzSqSyrG8jt7K6tr6R3yxsbe/s7hVL+20ZxQLhFopoJLo+lJgShluKKIq7XGAY+hR3/NH1xO88YCFJxO7UmGM3hANGAoKg0pJXLDmUVZu3J/de4nAseHrsFctWzZrCXCZ2RsogQ8Mr/jj9CMUhZgpRKGXPtrhyEygUQRSnBSeWmEM0ggPc05TBEEs3mb6emhWt9M0gErqYMqfq/EQCQynHoa87Q6iGctGbiP95vVgFl25CGI8VZmh2KIipqSJzkoPZJwIjRceaQCSI/tVEQyggUjqtQmX+zGQ5V+FTqqOxF4NYJu3Tmn1Ws5rn5fpVFlIeHIIjUAU2uAB1cAMaoAUQeAQv4BW8Gc/Gu/FhfM5ac0Y2cwD+wPj6BbpInRQ=</latexit> ? ln(Qzcut/q�)

<latexit sha1_base64="4YJrOF7+LTusFgRKW+RY07MHN5k=">AAACFnicbVC7TsMwFHXKq5RXgIGBJaKqVJaSABKMFSyMrUQfUltFjuu2Vh3H2DeIEuU/2FnhF9gQKyt/wGfgPoZSONKVjs6519f3BJIzDa77ZWWWlldW17LruY3Nre0de3evrqNYEVojEY9UM8CaciZoDRhw2pSK4jDgtBEMr8d+454qzSJxCyNJOyHuC9ZjBIORfPugzUWx+ugnJIb05M5P2pIqmR77dt4tuRM4f4k3I3k0Q8W3v9vdiMQhFUA41rrluRI6CVbACKdprh1rKjEZ4j5tGSpwSHUnmRyQOgWjdJ1epEwJcCbq/ESCQ61HYWA6QwwDveiNxf+8Vgy9y07ChIyBCjJd1Iu5A5EzTsPpMkUJ8JEhmChm/uqQAVaYgMksV5hfM35cQviQmmi8xSD+kvppyTsrudXzfPlqFlIWHaIjVEQeukBldIMqqIYIStEzekGv1pP1Zr1bH9PWjDWb2Ue/YH3+AEUxoBs=</latexit>



~pJ

~ph
~ph
T

~p J
T

~ph?

~k?

groomed-jet axis

hadron axis

beam axis

Groomed TMD fragmenting jet function

~k? = �~ph?
zh

~ph? = ~0

with respect to  
g-Jet axis 

with respect to  
hadron axis 
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Re-Factorization for light hadrons 
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ph? ⌧ zcutQ, zcut ⌧ R ⇠ 1

soft

collinear-soft

collinear

pµs ⇠ zcutQ(1, 1, 1)

pµsc ⇠ zcutQ(�2
sc, 1,�sc)

pµc ⇠ Q(�2
c , 1,�c) �c =

ph?
Q

�sc =
ph?
zcutQ



- collinear modes are energetic and always pass the grooming constraint 

- contains the non-perturbative information of the fragmentation process 

- describes collinear-soft radiation that can pass the grooming constraint 
- universal to all light hadrons independent of hadron’s 

energy fraction (zh)

independent of the cutoff parameter (zcut)

Factorization of the TMD (FJF) in SCET
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Matching onto collinear Fragmentation Functions 

Although                               is a fundamentally non-perturbative object, for                 

can be matched onto the collinear Fragmentation Functions:
k? � ⇤QCD

short distance matching coefficients 
and  collinear-soft  

calculable in perturbation theory 
rapidity divergences  

collinear 
Fragmentation 
Functions

Di/h

µ

µ ⇠ 1GeV

µ ⇠ k?

DGLAP

D?
i/h
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!S =
↵(µ)Ci

⇡
ln

⇣⌫D
⌫S

⌘

groomed TMDFJFtraditional TMDs

�↵(k?)Ci

⇡
ln(zcut)�↵(k?)Ci

⇡
ln

⇣k?
Q

⌘

Solution:  

Fix scales in coordinate space 
and take Fourier transform numerically 

In the perturbative region        is  
small, therefore we can fix the scales 
momentum space directly.   

!S

zcut = 0.1Common choice:
!S ⇠ 1 : Only in the non-perturbative  

regime 

NLL-Resummation in momentum space
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Fourier Transform Solve RGE Inverse Fourier Tranform Fix Scales
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test against Pythia partonic shower: quark-to-quark case

NLL-Resummation in momentum space
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NLL: momentum space vs b-space 
N d�

dk?
(e+e� ! jet+ jet(⇡)) CSS:

Perturbative region
0 5 10 15 20 25 30

0.1

0.5

1

5

10

0 5 10 15 20 25 30

0.05
0.10

0.50
1

5
10

Pavia:    arXiv:1703.10157  A. Bacchetta,  F. Delcarro, C. Pisano, M. Radici, A Signori

Factorization

Perturbative region

Factorization
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Rapidity anomalous dimension

variations of the cutoff parameter give as direct  
access to  the rapidity anomalous dimension: 

d

d ln zcut

h
N (zcut)

d�

dph?

i

Normalized  
cross section

b⇤ =
bp

1 + (b/bmax)2
gK(b; bmax) ���!

b!0
0�S

⌫,i(µ) ! �S
⌫,i(µ)

���
b!b⇤

� gK(b; bmax)

Universal component of TMD observables:

Resummation in b-space
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Non-perturbative TMD evolution 

b⇤ =
bp

1 + (b/bmax)2
�S
⌫,i(µ) ! �S

⌫,i(µ)
���
b!b⇤

� gK(b; bmax) gK(b; bmax) ���!
b!0

0

Model:Fits g2 bmax [GeV�1] bNP [GeV�1]

CSS:BNLY 2003 0.68 0.5 n.a.

CSS:KN 2006 0.18 1.5 n.a.

CSS:Pavia 2016 0.12 1.123 n.a.

AFGR: n.a. 0.10 0.5 2.0

BNLY:    arXiv:0212159       F. Landry, R. Brock, P.M. Nadolsky, C.-P. Yuan 
KN:       arXiv:0506225      A. V. Konychev, P. M. Nadolsky 

Pavia:    arXiv:1703.10157  A. Bacchetta,  F. Delcarro, C. Pisano, M. Radici, A Signori 

AFGR:   arXiv:1401.2654    C. A. Aidala, B. Field,  L. P. Gamberg, T. C. Rogers

CSS:

AFGR:
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Perturbative region:  
Model independent 

Model dependent  
region:  
Good discriminating  
power over various  
models  

Proposed observable 
d

d ln zcut

h
N (zcut)

d�

dph?

i
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NLL-Resummation in momentum space
Fourier Transform Solve RGE Inverse Fourier Tranform Fix Scales

GNLL
j/h (zh,~k?, zcut;µ) = V(~k?, zcut, µ0)U(µ, µ0)Dj/h(zh, µ0)

���
µ0=k?

V(~k?, zcut, µ) =
exp(�2�E!S)

⇡

�(1� !S)

�(!S)

1

µ2

⇣ µ2

k2?

⌘1�!S

U(µ, µ0) = exp
h
2⇡

�D⌦S(µ,zcut)

�0 ↵s(µ)
ln(↵s(µ0)/↵s(µ))

i

!S =
↵(µ)Ci

⇡
ln

⇣⌫D
⌫S

⌘

groomed TMDFJFtraditional TMDs

�↵(k?)Ci

⇡
ln(zcut)�↵(k?)Ci

⇡
ln

⇣k?
Q

⌘
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Resummation in b-space

⌫S = zcutQ ⌫D = Q

µH ⇠ Q

RRG

RG

µ

⌫

µS = µD = µL ⇠ 1/b0

⌫S = zcutQ ⌫D = Q

µH ⇠ Q

µ

⌫

Rapidity anomalous dimension

Fourier Transform Solve RGE Fix Scales Inverse Fourier Tranform
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Results for heavy mesons 
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