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• Form factor of meson
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at leading power in 1/Q

convolution is well-defined at leading power

Power suppressed hard exchange tend to give 

contributions diverging as 

Phenomenology important !
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• Soft-Collinear Effective Theory (SCET) admit a consistent power expansion

Brodsky, Lepage, PRD 22 (1980) 2157

Bauer, Pirjol, Stewart, ’02, Rothstein, ’03

• Soft quark field is involved at subleading-power Lagrangian 
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• Endpoint-divergent convolutions arise from soft quark
Moult, Stewart, Vita, Zhu et al.,  Beneke, Garny, Szafron, Wang et al., 2018-2020

overviews by Martin and Gherardo



Subleading Power
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• Evaluating the scattering amplitudes in the high energy limit is a 
fundamental problem of QFT

• A simple scale separation is violated by endpoint divergences at 
subleading power

• Resummation of large logarithms is necessary for a reliable 

theoretical prediction 

           mediated by b-quark loop is a simple example: 

no non-perturbative effect
h ! ��
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• Failure of      subtraction schemeMS
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Leading Power Subleading Power

4

+

M2 ! Q2

+ · · ·

M

Q

• Factorization is local

• rapidity divergence

• Endpoint-divergent convolutions

• rapidity divergence

• No convolution, no endpoint

H(Q2
, µ)Jn(M,µ, ⌫/Q)Jn̄(M,µ, ⌫/Q)S(M,µ, ⌫/M)

<latexit sha1_base64="veWJaoN+1MWMSunJwJdgRBr6B5U=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK0UOpMEdSVRTdFKLTo2EJnLJk0bUMzmSHJCGXo57jxV9yIqOjSPzF9LPrwQODcc+7l5h4vZFQq0/wxEiura+sbyc3U1vbO7l56/+BBBpHAxMYBC0TDQ5IwyomtqGKkEQqCfI+Rute/Gfn1JyIkDfi9GoTE9VGX0w7FSGmplb4qZ2uPxbzjR7nbFs9WRizv8Oi0puvY8ZCAfDgn381UlVwrnTEL5hhwmVhTkgFTVFvpd6cd4MgnXGGGpGxaZqjcGAlFMSPDlBNJEiLcR13S1JQjn0g3Hh86hCdaacNOIPTjCo7V2YkY+VIOfE93+kj15KI3Ev/zmpHqXLgx5WGkCMeTRZ2IQRXAUWqwTQXBig00QVhQ/VeIe0ggrHS2KR2CtXjyMrGLhcuCVTvLlK6naSTBETgGWWCBc1ACZVAFNsDgGbyCD/BpvBhvxpfxPWlNGNOZQzAH4/cPkz+i2A==</latexit><latexit sha1_base64="veWJaoN+1MWMSunJwJdgRBr6B5U=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK0UOpMEdSVRTdFKLTo2EJnLJk0bUMzmSHJCGXo57jxV9yIqOjSPzF9LPrwQODcc+7l5h4vZFQq0/wxEiura+sbyc3U1vbO7l56/+BBBpHAxMYBC0TDQ5IwyomtqGKkEQqCfI+Rute/Gfn1JyIkDfi9GoTE9VGX0w7FSGmplb4qZ2uPxbzjR7nbFs9WRizv8Oi0puvY8ZCAfDgn381UlVwrnTEL5hhwmVhTkgFTVFvpd6cd4MgnXGGGpGxaZqjcGAlFMSPDlBNJEiLcR13S1JQjn0g3Hh86hCdaacNOIPTjCo7V2YkY+VIOfE93+kj15KI3Ev/zmpHqXLgx5WGkCMeTRZ2IQRXAUWqwTQXBig00QVhQ/VeIe0ggrHS2KR2CtXjyMrGLhcuCVTvLlK6naSTBETgGWWCBc1ACZVAFNsDgGbyCD/BpvBhvxpfxPWlNGNOZQzAH4/cPkz+i2A==</latexit><latexit sha1_base64="veWJaoN+1MWMSunJwJdgRBr6B5U=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK0UOpMEdSVRTdFKLTo2EJnLJk0bUMzmSHJCGXo57jxV9yIqOjSPzF9LPrwQODcc+7l5h4vZFQq0/wxEiura+sbyc3U1vbO7l56/+BBBpHAxMYBC0TDQ5IwyomtqGKkEQqCfI+Rute/Gfn1JyIkDfi9GoTE9VGX0w7FSGmplb4qZ2uPxbzjR7nbFs9WRizv8Oi0puvY8ZCAfDgn381UlVwrnTEL5hhwmVhTkgFTVFvpd6cd4MgnXGGGpGxaZqjcGAlFMSPDlBNJEiLcR13S1JQjn0g3Hh86hCdaacNOIPTjCo7V2YkY+VIOfE93+kj15KI3Ev/zmpHqXLgx5WGkCMeTRZ2IQRXAUWqwTQXBig00QVhQ/VeIe0ggrHS2KR2CtXjyMrGLhcuCVTvLlK6naSTBETgGWWCBc1ACZVAFNsDgGbyCD/BpvBhvxpfxPWlNGNOZQzAH4/cPkz+i2A==</latexit><latexit sha1_base64="veWJaoN+1MWMSunJwJdgRBr6B5U=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK0UOpMEdSVRTdFKLTo2EJnLJk0bUMzmSHJCGXo57jxV9yIqOjSPzF9LPrwQODcc+7l5h4vZFQq0/wxEiura+sbyc3U1vbO7l56/+BBBpHAxMYBC0TDQ5IwyomtqGKkEQqCfI+Rute/Gfn1JyIkDfi9GoTE9VGX0w7FSGmplb4qZ2uPxbzjR7nbFs9WRizv8Oi0puvY8ZCAfDgn381UlVwrnTEL5hhwmVhTkgFTVFvpd6cd4MgnXGGGpGxaZqjcGAlFMSPDlBNJEiLcR13S1JQjn0g3Hh86hCdaacNOIPTjCo7V2YkY+VIOfE93+kj15KI3Ev/zmpHqXLgx5WGkCMeTRZ2IQRXAUWqwTQXBig00QVhQ/VeIe0ggrHS2KR2CtXjyMrGLhcuCVTvLlK6naSTBETgGWWCBc1ACZVAFNsDgGbyCD/BpvBhvxpfxPWlNGNOZQzAH4/cPkz+i2A==</latexit>

Leading vs. Subleading

• Factorization is non-local

⇠ 1 +
↵

4⇡

�
�L2 + 4L+ c0

�
+O(↵2)

<latexit sha1_base64="Va5RovNfeQ/LiPSG01JuyR5+DJw="></latexit><latexit sha1_base64="Va5RovNfeQ/LiPSG01JuyR5+DJw="></latexit><latexit sha1_base64="Va5RovNfeQ/LiPSG01JuyR5+DJw="></latexit><latexit sha1_base64="Va5RovNfeQ/LiPSG01JuyR5+DJw="></latexit>

L = ln
�Q2

M2
<latexit sha1_base64="XDmnyY9M7fqripIKARrOQ8RNE3s=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJS7AIXixJEdSDUPTiQaEFYwtNLJvtpl262YTdjVBCwb/ixYOKV/+HN/+N2zYHbX0ww+O9GXb2BQmjUtn2t1FYWFxaXimultbWNza3zO2dexmnAhMXxywWrQBJwignrqKKkVYiCIoCRprB4GrsNx+JkDTmd2qYED9CPU5DipHSUsfcu7nwGPdCgXB23HiojrJb3Tpm2a7YE1jzxMlJGXLUO+aX141xGhGuMENSth07UX6GhKKYkVHJSyVJEB6gHmlrylFEpJ9Nzh9Zh1rpWmEsdHFlTdTfGxmKpBxGgZ6MkOrLWW8s/ue1UxWe+RnlSaoIx9OHwpRZKrbGWVhdKghWbKgJwoLqWy3cRzoKpRMr6RCc2S/PE7daOa84jZNy7TJPowj7cABH4MAp1OAa6uAChgye4RXejCfjxXg3PqajBSPf2YU/MD5/ALislOM=</latexit><latexit sha1_base64="XDmnyY9M7fqripIKARrOQ8RNE3s=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJS7AIXixJEdSDUPTiQaEFYwtNLJvtpl262YTdjVBCwb/ixYOKV/+HN/+N2zYHbX0ww+O9GXb2BQmjUtn2t1FYWFxaXimultbWNza3zO2dexmnAhMXxywWrQBJwignrqKKkVYiCIoCRprB4GrsNx+JkDTmd2qYED9CPU5DipHSUsfcu7nwGPdCgXB23HiojrJb3Tpm2a7YE1jzxMlJGXLUO+aX141xGhGuMENSth07UX6GhKKYkVHJSyVJEB6gHmlrylFEpJ9Nzh9Zh1rpWmEsdHFlTdTfGxmKpBxGgZ6MkOrLWW8s/ue1UxWe+RnlSaoIx9OHwpRZKrbGWVhdKghWbKgJwoLqWy3cRzoKpRMr6RCc2S/PE7daOa84jZNy7TJPowj7cABH4MAp1OAa6uAChgye4RXejCfjxXg3PqajBSPf2YU/MD5/ALislOM=</latexit><latexit sha1_base64="XDmnyY9M7fqripIKARrOQ8RNE3s=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJS7AIXixJEdSDUPTiQaEFYwtNLJvtpl262YTdjVBCwb/ixYOKV/+HN/+N2zYHbX0ww+O9GXb2BQmjUtn2t1FYWFxaXimultbWNza3zO2dexmnAhMXxywWrQBJwignrqKKkVYiCIoCRprB4GrsNx+JkDTmd2qYED9CPU5DipHSUsfcu7nwGPdCgXB23HiojrJb3Tpm2a7YE1jzxMlJGXLUO+aX141xGhGuMENSth07UX6GhKKYkVHJSyVJEB6gHmlrylFEpJ9Nzh9Zh1rpWmEsdHFlTdTfGxmKpBxGgZ6MkOrLWW8s/ue1UxWe+RnlSaoIx9OHwpRZKrbGWVhdKghWbKgJwoLqWy3cRzoKpRMr6RCc2S/PE7daOa84jZNy7TJPowj7cABH4MAp1OAa6uAChgye4RXejCfjxXg3PqajBSPf2YU/MD5/ALislOM=</latexit><latexit sha1_base64="XDmnyY9M7fqripIKARrOQ8RNE3s=">AAAB/XicbVBNS8NAEJ3Ur1q/ouLJS7AIXixJEdSDUPTiQaEFYwtNLJvtpl262YTdjVBCwb/ixYOKV/+HN/+N2zYHbX0ww+O9GXb2BQmjUtn2t1FYWFxaXimultbWNza3zO2dexmnAhMXxywWrQBJwignrqKKkVYiCIoCRprB4GrsNx+JkDTmd2qYED9CPU5DipHSUsfcu7nwGPdCgXB23HiojrJb3Tpm2a7YE1jzxMlJGXLUO+aX141xGhGuMENSth07UX6GhKKYkVHJSyVJEB6gHmlrylFEpJ9Nzh9Zh1rpWmEsdHFlTdTfGxmKpBxGgZ6MkOrLWW8s/ue1UxWe+RnlSaoIx9OHwpRZKrbGWVhdKghWbKgJwoLqWy3cRzoKpRMr6RCc2S/PE7daOa84jZNy7TJPowj7cABH4MAp1OAa6uAChgye4RXejCfjxXg3PqajBSPf2YU/MD5/ALislOM=</latexit>

H1 O1 +H2 ⌦O2 +H3 ⌦ J ⌦ J ⌦ S
<latexit sha1_base64="h2b/BKtel0QWQBchBgm3l5TjqWk=">AAACInicbZBLS8NAEMc3Pmt9RT16WSyCUClJFXycil6Cl1Y0ttCEsNlu2qWbB7sboYR+Fy9+FS8efJ0EP4zbNoK2Diz85j8zzM7fTxgV0jA+tbn5hcWl5cJKcXVtfWNT39q+E3HKMbFxzGLe8pEgjEbEllQy0ko4QaHPSNPvX47qzXvCBY2jWzlIiBuibkQDipFUkqefW57pHNY9E5ah5VWhE0saEgHrisuWd/STX83AjaeXjIoxDjgLZg4lkEfD09+dTozTkEQSMyRE2zQS6WaIS4oZGRadVJAE4T7qkrbCCKk1bja+cQj3ldKBQczViyQcq78nMhQKMQh91Rki2RPTtZH4X62dyuDUzWiUpJJEeLIoSBmUMRwZBjuUEyzZQAHCnKq/QtxDHGGpbC0qE8zpk2fBrlbOKub1cal2kbtRALtgDxwAE5yAGrBAA9gAgwfwBF7Aq/aoPWtv2sekdU7LZ3bAn9C+vgGwMKGG</latexit><latexit sha1_base64="h2b/BKtel0QWQBchBgm3l5TjqWk=">AAACInicbZBLS8NAEMc3Pmt9RT16WSyCUClJFXycil6Cl1Y0ttCEsNlu2qWbB7sboYR+Fy9+FS8efJ0EP4zbNoK2Diz85j8zzM7fTxgV0jA+tbn5hcWl5cJKcXVtfWNT39q+E3HKMbFxzGLe8pEgjEbEllQy0ko4QaHPSNPvX47qzXvCBY2jWzlIiBuibkQDipFUkqefW57pHNY9E5ah5VWhE0saEgHrisuWd/STX83AjaeXjIoxDjgLZg4lkEfD09+dTozTkEQSMyRE2zQS6WaIS4oZGRadVJAE4T7qkrbCCKk1bja+cQj3ldKBQczViyQcq78nMhQKMQh91Rki2RPTtZH4X62dyuDUzWiUpJJEeLIoSBmUMRwZBjuUEyzZQAHCnKq/QtxDHGGpbC0qE8zpk2fBrlbOKub1cal2kbtRALtgDxwAE5yAGrBAA9gAgwfwBF7Aq/aoPWtv2sekdU7LZ3bAn9C+vgGwMKGG</latexit><latexit sha1_base64="h2b/BKtel0QWQBchBgm3l5TjqWk=">AAACInicbZBLS8NAEMc3Pmt9RT16WSyCUClJFXycil6Cl1Y0ttCEsNlu2qWbB7sboYR+Fy9+FS8efJ0EP4zbNoK2Diz85j8zzM7fTxgV0jA+tbn5hcWl5cJKcXVtfWNT39q+E3HKMbFxzGLe8pEgjEbEllQy0ko4QaHPSNPvX47qzXvCBY2jWzlIiBuibkQDipFUkqefW57pHNY9E5ah5VWhE0saEgHrisuWd/STX83AjaeXjIoxDjgLZg4lkEfD09+dTozTkEQSMyRE2zQS6WaIS4oZGRadVJAE4T7qkrbCCKk1bja+cQj3ldKBQczViyQcq78nMhQKMQh91Rki2RPTtZH4X62dyuDUzWiUpJJEeLIoSBmUMRwZBjuUEyzZQAHCnKq/QtxDHGGpbC0qE8zpk2fBrlbOKub1cal2kbtRALtgDxwAE5yAGrBAA9gAgwfwBF7Aq/aoPWtv2sekdU7LZ3bAn9C+vgGwMKGG</latexit><latexit sha1_base64="h2b/BKtel0QWQBchBgm3l5TjqWk=">AAACInicbZBLS8NAEMc3Pmt9RT16WSyCUClJFXycil6Cl1Y0ttCEsNlu2qWbB7sboYR+Fy9+FS8efJ0EP4zbNoK2Diz85j8zzM7fTxgV0jA+tbn5hcWl5cJKcXVtfWNT39q+E3HKMbFxzGLe8pEgjEbEllQy0ko4QaHPSNPvX47qzXvCBY2jWzlIiBuibkQDipFUkqefW57pHNY9E5ah5VWhE0saEgHrisuWd/STX83AjaeXjIoxDjgLZg4lkEfD09+dTozTkEQSMyRE2zQS6WaIS4oZGRadVJAE4T7qkrbCCKk1bja+cQj3ldKBQczViyQcq78nMhQKMQh91Rki2RPTtZH4X62dyuDUzWiUpJJEeLIoSBmUMRwZBjuUEyzZQAHCnKq/QtxDHGGpbC0qE8zpk2fBrlbOKub1cal2kbtRALtgDxwAE5yAGrBAA9gAgwfwBF7Aq/aoPWtv2sekdU7LZ3bAn9C+vgGwMKGG</latexit>

⇠ ybmb

⇢✓
L2

2
� 2

◆
+

CF↵s
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�

L4

12
� L3 + · · ·

��
+O(↵2

s)
<latexit sha1_base64="IauVybNTvl6Oeh+1dEPKglRDY2E="></latexit><latexit sha1_base64="IauVybNTvl6Oeh+1dEPKglRDY2E="></latexit><latexit sha1_base64="IauVybNTvl6Oeh+1dEPKglRDY2E="></latexit><latexit sha1_base64="IauVybNTvl6Oeh+1dEPKglRDY2E="></latexit>

+ + · · ·

Mh

mb
mb ! Mh

L R

� ⇠ mb

Mh
<latexit sha1_base64="hIVDMHzKw6USBFMuhWk6sCkJvZ8="></latexit><latexit sha1_base64="hIVDMHzKw6USBFMuhWk6sCkJvZ8="></latexit><latexit sha1_base64="hIVDMHzKw6USBFMuhWk6sCkJvZ8="></latexit><latexit sha1_base64="hIVDMHzKw6USBFMuhWk6sCkJvZ8="></latexit>

+O(�2)
<latexit sha1_base64="9WkWS5URtfSfIrKCYxGQ9KpF4os="></latexit><latexit sha1_base64="9WkWS5URtfSfIrKCYxGQ9KpF4os="></latexit><latexit sha1_base64="9WkWS5URtfSfIrKCYxGQ9KpF4os="></latexit><latexit sha1_base64="9WkWS5URtfSfIrKCYxGQ9KpF4os="></latexit>

<latexit sha1_base64="3/CJnSTjXvUUa8vNQm2cnWfz9gE="></latexit>

L = ln
�M2

h

m2
b



5

`+`� = m2
b

<latexit sha1_base64="meSUU1+BggsMooyUaAI1PpUNLhg=">AAAB+nicbVDLSgMxFM3UV62vsS7dBIsgiGWmCOpCKLpxWcGxhXY6ZNJMG5pkhiQjlqG/4saFilu/xJ1/Yzotoq0H7uVwzr3k5oQJo0o7zpdVWFpeWV0rrpc2Nre2d+zd8r2KU4mJh2MWy1aIFGFUEE9TzUgrkQTxkJFmOLye+M0HIhWNxZ0eJcTnqC9oRDHSRgrscocw1j3O+8klD8JuLbArTtXJAX+IO08qYIZGYH92ejFOOREaM6RU23US7WdIaooZGZc6qSIJwkPUJ21DBeJE+Vl++xgeGqUHo1iaEhrm6u+NDHGlRjw0kxzpgZr3JuJ/XjvV0bmfUZGkmgg8fShKGdQxnAQBe1QSrNnIEIQlNbdCPEASYW3iKpkQFr68SLxa9aLq3p5W6lezNIpgHxyAI+CCM1AHN6ABPIDBI3gCL+DVGlvP1pv1Ph0tWLOdPfAH1sc3OPmTdQ==</latexit><latexit sha1_base64="meSUU1+BggsMooyUaAI1PpUNLhg=">AAAB+nicbVDLSgMxFM3UV62vsS7dBIsgiGWmCOpCKLpxWcGxhXY6ZNJMG5pkhiQjlqG/4saFilu/xJ1/Yzotoq0H7uVwzr3k5oQJo0o7zpdVWFpeWV0rrpc2Nre2d+zd8r2KU4mJh2MWy1aIFGFUEE9TzUgrkQTxkJFmOLye+M0HIhWNxZ0eJcTnqC9oRDHSRgrscocw1j3O+8klD8JuLbArTtXJAX+IO08qYIZGYH92ejFOOREaM6RU23US7WdIaooZGZc6qSIJwkPUJ21DBeJE+Vl++xgeGqUHo1iaEhrm6u+NDHGlRjw0kxzpgZr3JuJ/XjvV0bmfUZGkmgg8fShKGdQxnAQBe1QSrNnIEIQlNbdCPEASYW3iKpkQFr68SLxa9aLq3p5W6lezNIpgHxyAI+CCM1AHN6ABPIDBI3gCL+DVGlvP1pv1Ph0tWLOdPfAH1sc3OPmTdQ==</latexit><latexit sha1_base64="meSUU1+BggsMooyUaAI1PpUNLhg=">AAAB+nicbVDLSgMxFM3UV62vsS7dBIsgiGWmCOpCKLpxWcGxhXY6ZNJMG5pkhiQjlqG/4saFilu/xJ1/Yzotoq0H7uVwzr3k5oQJo0o7zpdVWFpeWV0rrpc2Nre2d+zd8r2KU4mJh2MWy1aIFGFUEE9TzUgrkQTxkJFmOLye+M0HIhWNxZ0eJcTnqC9oRDHSRgrscocw1j3O+8klD8JuLbArTtXJAX+IO08qYIZGYH92ejFOOREaM6RU23US7WdIaooZGZc6qSIJwkPUJ21DBeJE+Vl++xgeGqUHo1iaEhrm6u+NDHGlRjw0kxzpgZr3JuJ/XjvV0bmfUZGkmgg8fShKGdQxnAQBe1QSrNnIEIQlNbdCPEASYW3iKpkQFr68SLxa9aLq3p5W6lezNIpgHxyAI+CCM1AHN6ABPIDBI3gCL+DVGlvP1pv1Ph0tWLOdPfAH1sc3OPmTdQ==</latexit><latexit sha1_base64="meSUU1+BggsMooyUaAI1PpUNLhg=">AAAB+nicbVDLSgMxFM3UV62vsS7dBIsgiGWmCOpCKLpxWcGxhXY6ZNJMG5pkhiQjlqG/4saFilu/xJ1/Yzotoq0H7uVwzr3k5oQJo0o7zpdVWFpeWV0rrpc2Nre2d+zd8r2KU4mJh2MWy1aIFGFUEE9TzUgrkQTxkJFmOLye+M0HIhWNxZ0eJcTnqC9oRDHSRgrscocw1j3O+8klD8JuLbArTtXJAX+IO08qYIZGYH92ejFOOREaM6RU23US7WdIaooZGZc6qSIJwkPUJ21DBeJE+Vl++xgeGqUHo1iaEhrm6u+NDHGlRjw0kxzpgZr3JuJ/XjvV0bmfUZGkmgg8fShKGdQxnAQBe1QSrNnIEIQlNbdCPEASYW3iKpkQFr68SLxa9aLq3p5W6lezNIpgHxyAI+CCM1AHN6ABPIDBI3gCL+DVGlvP1pv1Ph0tWLOdPfAH1sc3OPmTdQ==</latexit>

`+
<latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit>

`�
<latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit>
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<latexit sha1_base64="x/kA+sr4htREOZ3DToledrC5b9k="></latexit><latexit sha1_base64="x/kA+sr4htREOZ3DToledrC5b9k="></latexit><latexit sha1_base64="x/kA+sr4htREOZ3DToledrC5b9k="></latexit><latexit sha1_base64="x/kA+sr4htREOZ3DToledrC5b9k="></latexit>
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<latexit sha1_base64="tVMGp16iyY7R69TAQVC8vPu9FmY="></latexit><latexit sha1_base64="tVMGp16iyY7R69TAQVC8vPu9FmY="></latexit><latexit sha1_base64="tVMGp16iyY7R69TAQVC8vPu9FmY="></latexit><latexit sha1_base64="tVMGp16iyY7R69TAQVC8vPu9FmY="></latexit>

rapidity 
divergence

divergence at `+`� ! +1
<latexit sha1_base64="crGlWW0w5gAcNLgJbmeel29DQZI=">AAAB/3icbVDNSsNAGNzUv1r/oh48eAkWQSiWRAT1VvTisYKxhSaWzXbTLt1swu4XIYRefBUvHlS8+hrefBu3aRFtHdhlmPk+dmeChDMFtv1llBYWl5ZXyquVtfWNzS1ze+dOxakk1CUxj2U7wIpyJqgLDDhtJ5LiKOC0FQyvxn7rgUrFYnELWUL9CPcFCxnBoKWuuedRzu9rxX3sQWzVPCZCyLpm1a7bBawf4sySKpqi2TU/vV5M0ogKIBwr1XHsBPwcS2CE01HFSxVNMBniPu1oKnBElZ8XAUbWoVZ6VhhLfQRYhfp7I8eRUlkU6MkIw0DNemPxP6+TQnju50wkKVBBJg+FKbd00HEbVo9JSoBnmmAimf6rRQZYYgK6s4ouYS7yPHFP6hd15+a02rictlFG++gAHSEHnaEGukZN5CKCRugJvaBX49F4Nt6M98loyZju7KI/MD6+ATv2lbw=</latexit><latexit sha1_base64="crGlWW0w5gAcNLgJbmeel29DQZI=">AAAB/3icbVDNSsNAGNzUv1r/oh48eAkWQSiWRAT1VvTisYKxhSaWzXbTLt1swu4XIYRefBUvHlS8+hrefBu3aRFtHdhlmPk+dmeChDMFtv1llBYWl5ZXyquVtfWNzS1ze+dOxakk1CUxj2U7wIpyJqgLDDhtJ5LiKOC0FQyvxn7rgUrFYnELWUL9CPcFCxnBoKWuuedRzu9rxX3sQWzVPCZCyLpm1a7bBawf4sySKpqi2TU/vV5M0ogKIBwr1XHsBPwcS2CE01HFSxVNMBniPu1oKnBElZ8XAUbWoVZ6VhhLfQRYhfp7I8eRUlkU6MkIw0DNemPxP6+TQnju50wkKVBBJg+FKbd00HEbVo9JSoBnmmAimf6rRQZYYgK6s4ouYS7yPHFP6hd15+a02rictlFG++gAHSEHnaEGukZN5CKCRugJvaBX49F4Nt6M98loyZju7KI/MD6+ATv2lbw=</latexit><latexit sha1_base64="crGlWW0w5gAcNLgJbmeel29DQZI=">AAAB/3icbVDNSsNAGNzUv1r/oh48eAkWQSiWRAT1VvTisYKxhSaWzXbTLt1swu4XIYRefBUvHlS8+hrefBu3aRFtHdhlmPk+dmeChDMFtv1llBYWl5ZXyquVtfWNzS1ze+dOxakk1CUxj2U7wIpyJqgLDDhtJ5LiKOC0FQyvxn7rgUrFYnELWUL9CPcFCxnBoKWuuedRzu9rxX3sQWzVPCZCyLpm1a7bBawf4sySKpqi2TU/vV5M0ogKIBwr1XHsBPwcS2CE01HFSxVNMBniPu1oKnBElZ8XAUbWoVZ6VhhLfQRYhfp7I8eRUlkU6MkIw0DNemPxP6+TQnju50wkKVBBJg+FKbd00HEbVo9JSoBnmmAimf6rRQZYYgK6s4ouYS7yPHFP6hd15+a02rictlFG++gAHSEHnaEGukZN5CKCRugJvaBX49F4Nt6M98loyZju7KI/MD6+ATv2lbw=</latexit><latexit sha1_base64="crGlWW0w5gAcNLgJbmeel29DQZI=">AAAB/3icbVDNSsNAGNzUv1r/oh48eAkWQSiWRAT1VvTisYKxhSaWzXbTLt1swu4XIYRefBUvHlS8+hrefBu3aRFtHdhlmPk+dmeChDMFtv1llBYWl5ZXyquVtfWNzS1ze+dOxakk1CUxj2U7wIpyJqgLDDhtJ5LiKOC0FQyvxn7rgUrFYnELWUL9CPcFCxnBoKWuuedRzu9rxX3sQWzVPCZCyLpm1a7bBawf4sySKpqi2TU/vV5M0ogKIBwr1XHsBPwcS2CE01HFSxVNMBniPu1oKnBElZ8XAUbWoVZ6VhhLfQRYhfp7I8eRUlkU6MkIw0DNemPxP6+TQnju50wkKVBBJg+FKbd00HEbVo9JSoBnmmAimf6rRQZYYgK6s4ouYS7yPHFP6hd15+a02rictlFG++gAHSEHnaEGukZN5CKCRugJvaBX49F4Nt6M98loyZju7KI/MD6+ATv2lbw=</latexit>

is dimensionally regulated

Additional regulator is needed !!!

rapidity regulator: Chiu, Jain, Neill, Rothstein, ’12

exponential regulator: e�⌧(`++`�)
<latexit sha1_base64="Y0PJ2mxHF+O5IdhbcddKNBgbr3Y=">AAACA3icbZBPSwJBGMZn7Z/ZP6ujlyEJDFF2I6huUpeOBpmCrjI7vquDs7PLzGwgi4cufZUuHSq69iW69W0aVw+lPTDw43nfl3fex4s4U9q2v63Myura+kZ2M7e1vbO7l98/uFdhLCk0aMhD2fKIAs4ENDTTHFqRBBJ4HJre6Hpabz6AVCwUd3ocgRuQgWA+o0Qbq5cvQDepdDSJcakDnHfLuIxTqJxMevmiXbVT4WVw5lBEc9V7+a9OP6RxAEJTTpRqO3ak3YRIzSiHSa4TK4gIHZEBtA0KEoByk/SICT42Th/7oTRPaJy6vycSEig1DjzTGRA9VIu1qflfrR1r/8JNmIhiDYLOFvkxxzrE00Rwn0mgmo8NECqZ+SumQyIJ1Sa3nAnBWTx5GRqn1cuqc3tWrF3N08iiAjpCJeSgc1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6w1Y81nDtEfWZ8/ceCWPQ==</latexit><latexit sha1_base64="Y0PJ2mxHF+O5IdhbcddKNBgbr3Y=">AAACA3icbZBPSwJBGMZn7Z/ZP6ujlyEJDFF2I6huUpeOBpmCrjI7vquDs7PLzGwgi4cufZUuHSq69iW69W0aVw+lPTDw43nfl3fex4s4U9q2v63Myura+kZ2M7e1vbO7l98/uFdhLCk0aMhD2fKIAs4ENDTTHFqRBBJ4HJre6Hpabz6AVCwUd3ocgRuQgWA+o0Qbq5cvQDepdDSJcakDnHfLuIxTqJxMevmiXbVT4WVw5lBEc9V7+a9OP6RxAEJTTpRqO3ak3YRIzSiHSa4TK4gIHZEBtA0KEoByk/SICT42Th/7oTRPaJy6vycSEig1DjzTGRA9VIu1qflfrR1r/8JNmIhiDYLOFvkxxzrE00Rwn0mgmo8NECqZ+SumQyIJ1Sa3nAnBWTx5GRqn1cuqc3tWrF3N08iiAjpCJeSgc1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6w1Y81nDtEfWZ8/ceCWPQ==</latexit><latexit sha1_base64="Y0PJ2mxHF+O5IdhbcddKNBgbr3Y=">AAACA3icbZBPSwJBGMZn7Z/ZP6ujlyEJDFF2I6huUpeOBpmCrjI7vquDs7PLzGwgi4cufZUuHSq69iW69W0aVw+lPTDw43nfl3fex4s4U9q2v63Myura+kZ2M7e1vbO7l98/uFdhLCk0aMhD2fKIAs4ENDTTHFqRBBJ4HJre6Hpabz6AVCwUd3ocgRuQgWA+o0Qbq5cvQDepdDSJcakDnHfLuIxTqJxMevmiXbVT4WVw5lBEc9V7+a9OP6RxAEJTTpRqO3ak3YRIzSiHSa4TK4gIHZEBtA0KEoByk/SICT42Th/7oTRPaJy6vycSEig1DjzTGRA9VIu1qflfrR1r/8JNmIhiDYLOFvkxxzrE00Rwn0mgmo8NECqZ+SumQyIJ1Sa3nAnBWTx5GRqn1cuqc3tWrF3N08iiAjpCJeSgc1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6w1Y81nDtEfWZ8/ceCWPQ==</latexit><latexit sha1_base64="Y0PJ2mxHF+O5IdhbcddKNBgbr3Y=">AAACA3icbZBPSwJBGMZn7Z/ZP6ujlyEJDFF2I6huUpeOBpmCrjI7vquDs7PLzGwgi4cufZUuHSq69iW69W0aVw+lPTDw43nfl3fex4s4U9q2v63Myura+kZ2M7e1vbO7l98/uFdhLCk0aMhD2fKIAs4ENDTTHFqRBBJ4HJre6Hpabz6AVCwUd3ocgRuQgWA+o0Qbq5cvQDepdDSJcakDnHfLuIxTqJxMevmiXbVT4WVw5lBEc9V7+a9OP6RxAEJTTpRqO3ak3YRIzSiHSa4TK4gIHZEBtA0KEoByk/SICT42Th/7oTRPaJy6vycSEig1DjzTGRA9VIu1qflfrR1r/8JNmIhiDYLOFvkxxzrE00Rwn0mgmo8NECqZ+SumQyIJ1Sa3nAnBWTx5GRqn1cuqc3tWrF3N08iiAjpCJeSgc1RDN6iOGoiiR/SMXtGb9WS9WO/Wx6w1Y81nDtEfWZ8/ceCWPQ==</latexit>

Li, Neill, Zhu, ’16

analytical regulator: Becher, Bell, ’11
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<latexit sha1_base64="RO+ewobt7sJ7Bm1iyXTcpDBydOI=">AAACE3icbVA9SwNBEN3zM8avqKXNYRCEkHAngtoFbSwjGBPIJWFvM5cs2ds7dueEcMmPsPGv2Fio2NrY+W/cfBSa+GCYx3sz7M7zY8E1Os63tbS8srq2ntnIbm5t7+zm9vbvdZQoBlUWiUjVfapBcAlV5CigHiugoS+g5vevx37tAZTmkbzDQQzNkHYlDzijaKR2ruAJCHDoBYqy1AMhWoXipBVHqSeTkad4t4fDlgdI27m8U3ImsBeJOyN5MkOlnfvyOhFLQpDIBNW64ToxNlOqkDMBo6yXaIgp69MuNAyVNATdTCdHjexjo3TsIFKmJNoT9fdGSkOtB6FvJkOKPT3vjcX/vEaCwUUz5TJOECSbPhQkwsbIHidkd7gChmJgCGWKm7/arEdNPmhyzJoQ3PmTF0n1tHRZcm/P8uWrWRoZckiOyAlxyTkpkxtSIVXCyCN5Jq/kzXqyXqx362M6umTNdg7IH1ifP1BinzQ=</latexit><latexit sha1_base64="RO+ewobt7sJ7Bm1iyXTcpDBydOI=">AAACE3icbVA9SwNBEN3zM8avqKXNYRCEkHAngtoFbSwjGBPIJWFvM5cs2ds7dueEcMmPsPGv2Fio2NrY+W/cfBSa+GCYx3sz7M7zY8E1Os63tbS8srq2ntnIbm5t7+zm9vbvdZQoBlUWiUjVfapBcAlV5CigHiugoS+g5vevx37tAZTmkbzDQQzNkHYlDzijaKR2ruAJCHDoBYqy1AMhWoXipBVHqSeTkad4t4fDlgdI27m8U3ImsBeJOyN5MkOlnfvyOhFLQpDIBNW64ToxNlOqkDMBo6yXaIgp69MuNAyVNATdTCdHjexjo3TsIFKmJNoT9fdGSkOtB6FvJkOKPT3vjcX/vEaCwUUz5TJOECSbPhQkwsbIHidkd7gChmJgCGWKm7/arEdNPmhyzJoQ3PmTF0n1tHRZcm/P8uWrWRoZckiOyAlxyTkpkxtSIVXCyCN5Jq/kzXqyXqx362M6umTNdg7IH1ifP1BinzQ=</latexit><latexit sha1_base64="RO+ewobt7sJ7Bm1iyXTcpDBydOI=">AAACE3icbVA9SwNBEN3zM8avqKXNYRCEkHAngtoFbSwjGBPIJWFvM5cs2ds7dueEcMmPsPGv2Fio2NrY+W/cfBSa+GCYx3sz7M7zY8E1Os63tbS8srq2ntnIbm5t7+zm9vbvdZQoBlUWiUjVfapBcAlV5CigHiugoS+g5vevx37tAZTmkbzDQQzNkHYlDzijaKR2ruAJCHDoBYqy1AMhWoXipBVHqSeTkad4t4fDlgdI27m8U3ImsBeJOyN5MkOlnfvyOhFLQpDIBNW64ToxNlOqkDMBo6yXaIgp69MuNAyVNATdTCdHjexjo3TsIFKmJNoT9fdGSkOtB6FvJkOKPT3vjcX/vEaCwUUz5TJOECSbPhQkwsbIHidkd7gChmJgCGWKm7/arEdNPmhyzJoQ3PmTF0n1tHRZcm/P8uWrWRoZckiOyAlxyTkpkxtSIVXCyCN5Jq/kzXqyXqx362M6umTNdg7IH1ifP1BinzQ=</latexit><latexit sha1_base64="RO+ewobt7sJ7Bm1iyXTcpDBydOI=">AAACE3icbVA9SwNBEN3zM8avqKXNYRCEkHAngtoFbSwjGBPIJWFvM5cs2ds7dueEcMmPsPGv2Fio2NrY+W/cfBSa+GCYx3sz7M7zY8E1Os63tbS8srq2ntnIbm5t7+zm9vbvdZQoBlUWiUjVfapBcAlV5CigHiugoS+g5vevx37tAZTmkbzDQQzNkHYlDzijaKR2ruAJCHDoBYqy1AMhWoXipBVHqSeTkad4t4fDlgdI27m8U3ImsBeJOyN5MkOlnfvyOhFLQpDIBNW64ToxNlOqkDMBo6yXaIgp69MuNAyVNATdTCdHjexjo3TsIFKmJNoT9fdGSkOtB6FvJkOKPT3vjcX/vEaCwUUz5TJOECSbPhQkwsbIHidkd7gChmJgCGWKm7/arEdNPmhyzJoQ3PmTF0n1tHRZcm/P8uWrWRoZckiOyAlxyTkpkxtSIVXCyCN5Jq/kzXqyXqx362M6umTNdg7IH1ifP1BinzQ=</latexit>
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<latexit sha1_base64="SVtaXTfQKM7cnk3yDSoo9e3TF4Y=">AAACDHicbVBNS8NAEN3Ur1q/oh69BKtQEUoignorevFYwdpC05bNdtIu3WzC7kQooX/Ai3/FiwcVr/4Ab/4btx8HrT4YeLw3w8y8IBFco+t+WbmFxaXllfxqYW19Y3PL3t6503GqGNRYLGLVCKgGwSXUkKOARqKARoGAejC4Gvv1e1Cax/IWhwm0ItqTPOSMopE69oEvIMSSHyrKMl+mo8wHIdrHI1/xXh+P2j4g7dhFt+xO4Pwl3owUyQzVjv3pd2OWRiCRCap103MTbGVUIWcCRgU/1ZBQNqA9aBoqaQS6lU2+GTmHRuk6YaxMSXQm6s+JjEZaD6PAdEYU+3reG4v/ec0Uw/NWxmWSIkg2XRSmwsHYGUfjdLkChmJoCGWKm1sd1qcmGDQBFkwI3vzLf0ntpHxR9m5Oi5XLWRp5skf2SYl45IxUyDWpkhph5IE8kRfyaj1az9ab9T5tzVmzmV3yC9bHN2J7m/Y=</latexit><latexit sha1_base64="SVtaXTfQKM7cnk3yDSoo9e3TF4Y=">AAACDHicbVBNS8NAEN3Ur1q/oh69BKtQEUoignorevFYwdpC05bNdtIu3WzC7kQooX/Ai3/FiwcVr/4Ab/4btx8HrT4YeLw3w8y8IBFco+t+WbmFxaXllfxqYW19Y3PL3t6503GqGNRYLGLVCKgGwSXUkKOARqKARoGAejC4Gvv1e1Cax/IWhwm0ItqTPOSMopE69oEvIMSSHyrKMl+mo8wHIdrHI1/xXh+P2j4g7dhFt+xO4Pwl3owUyQzVjv3pd2OWRiCRCap103MTbGVUIWcCRgU/1ZBQNqA9aBoqaQS6lU2+GTmHRuk6YaxMSXQm6s+JjEZaD6PAdEYU+3reG4v/ec0Uw/NWxmWSIkg2XRSmwsHYGUfjdLkChmJoCGWKm1sd1qcmGDQBFkwI3vzLf0ntpHxR9m5Oi5XLWRp5skf2SYl45IxUyDWpkhph5IE8kRfyaj1az9ab9T5tzVmzmV3yC9bHN2J7m/Y=</latexit><latexit sha1_base64="SVtaXTfQKM7cnk3yDSoo9e3TF4Y=">AAACDHicbVBNS8NAEN3Ur1q/oh69BKtQEUoignorevFYwdpC05bNdtIu3WzC7kQooX/Ai3/FiwcVr/4Ab/4btx8HrT4YeLw3w8y8IBFco+t+WbmFxaXllfxqYW19Y3PL3t6503GqGNRYLGLVCKgGwSXUkKOARqKARoGAejC4Gvv1e1Cax/IWhwm0ItqTPOSMopE69oEvIMSSHyrKMl+mo8wHIdrHI1/xXh+P2j4g7dhFt+xO4Pwl3owUyQzVjv3pd2OWRiCRCap103MTbGVUIWcCRgU/1ZBQNqA9aBoqaQS6lU2+GTmHRuk6YaxMSXQm6s+JjEZaD6PAdEYU+3reG4v/ec0Uw/NWxmWSIkg2XRSmwsHYGUfjdLkChmJoCGWKm1sd1qcmGDQBFkwI3vzLf0ntpHxR9m5Oi5XLWRp5skf2SYl45IxUyDWpkhph5IE8kRfyaj1az9ab9T5tzVmzmV3yC9bHN2J7m/Y=</latexit><latexit sha1_base64="SVtaXTfQKM7cnk3yDSoo9e3TF4Y=">AAACDHicbVBNS8NAEN3Ur1q/oh69BKtQEUoignorevFYwdpC05bNdtIu3WzC7kQooX/Ai3/FiwcVr/4Ab/4btx8HrT4YeLw3w8y8IBFco+t+WbmFxaXllfxqYW19Y3PL3t6503GqGNRYLGLVCKgGwSXUkKOARqKARoGAejC4Gvv1e1Cax/IWhwm0ItqTPOSMopE69oEvIMSSHyrKMl+mo8wHIdrHI1/xXh+P2j4g7dhFt+xO4Pwl3owUyQzVjv3pd2OWRiCRCap103MTbGVUIWcCRgU/1ZBQNqA9aBoqaQS6lU2+GTmHRuk6YaxMSXQm6s+JjEZaD6PAdEYU+3reG4v/ec0Uw/NWxmWSIkg2XRSmwsHYGUfjdLkChmJoCGWKm1sd1qcmGDQBFkwI3vzLf0ntpHxR9m5Oi5XLWRp5skf2SYl45IxUyDWpkhph5IE8kRfyaj1az9ab9T5tzVmzmV3yC9bHN2J7m/Y=</latexit>

symmetric with 
non-trivial soft mode

soft mode is scaleless
rapidity div. cancel between col. & anti-col.

Rapidity divergences at LO

`+ $ `�
<latexit sha1_base64="pZqSOuLm0bxT1bmWC3/bbsZYUsU="></latexit><latexit sha1_base64="pZqSOuLm0bxT1bmWC3/bbsZYUsU="></latexit><latexit sha1_base64="pZqSOuLm0bxT1bmWC3/bbsZYUsU="></latexit><latexit sha1_base64="pZqSOuLm0bxT1bmWC3/bbsZYUsU="></latexit>



6

• gives non-trivial soft function

We prefer a regulator:

• symmetric with 
• easy for higher order calculation

hard

col.+ anti-col.

soft

1

✏2
� Lh

✏
+

L2
h

2
� 2� ⇡2

12
<latexit sha1_base64="gzHMFx0DugBN6tMg+4T03FssaFc=">AAACNXicbZDNSsNAFIUn9a/Wv6hLN8EiCGJJgqDuim5cKFQwttDEMplO2qGTSZiZCCXkqdz4HO66caHi1ldw0oaqrRcGDt89lzv3+DElQprmSCstLC4tr5RXK2vrG5tb+vbOvYgSjrCDIhrxlg8FpoRhRxJJcSvmGIY+xU1/cJn3m4+YCxKxOzmMsRfCHiMBQVAq1NFv3IBDlFpZ6uJYEBqxBzs7nsDrTv8HZ0dTqBypMtmFzY1JTiw7q3T0qlkzx2VMhTUrqqCoRkd/cbsRSkLMJKJQiLZlxtJLIZcEUZxV3ETgGKIB7OG2kgyGWHjp+OzMOFCkawQRV49JY0x/T6QwFGIY+soZQtkXs70c/tdrJzI481LC4kRihiaLgoQaMjLyDI0u4RhJOlQCIk7UXw3UhyoLqZLOQ5g7eV44du28Zt2eVOsXRRplsAf2wSGwwCmogyvQAA5A4AmMwBt41561V+1D+5xYS1oxswv+lPb1DYqwrI0=</latexit><latexit sha1_base64="gzHMFx0DugBN6tMg+4T03FssaFc=">AAACNXicbZDNSsNAFIUn9a/Wv6hLN8EiCGJJgqDuim5cKFQwttDEMplO2qGTSZiZCCXkqdz4HO66caHi1ldw0oaqrRcGDt89lzv3+DElQprmSCstLC4tr5RXK2vrG5tb+vbOvYgSjrCDIhrxlg8FpoRhRxJJcSvmGIY+xU1/cJn3m4+YCxKxOzmMsRfCHiMBQVAq1NFv3IBDlFpZ6uJYEBqxBzs7nsDrTv8HZ0dTqBypMtmFzY1JTiw7q3T0qlkzx2VMhTUrqqCoRkd/cbsRSkLMJKJQiLZlxtJLIZcEUZxV3ETgGKIB7OG2kgyGWHjp+OzMOFCkawQRV49JY0x/T6QwFGIY+soZQtkXs70c/tdrJzI481LC4kRihiaLgoQaMjLyDI0u4RhJOlQCIk7UXw3UhyoLqZLOQ5g7eV44du28Zt2eVOsXRRplsAf2wSGwwCmogyvQAA5A4AmMwBt41561V+1D+5xYS1oxswv+lPb1DYqwrI0=</latexit><latexit sha1_base64="gzHMFx0DugBN6tMg+4T03FssaFc=">AAACNXicbZDNSsNAFIUn9a/Wv6hLN8EiCGJJgqDuim5cKFQwttDEMplO2qGTSZiZCCXkqdz4HO66caHi1ldw0oaqrRcGDt89lzv3+DElQprmSCstLC4tr5RXK2vrG5tb+vbOvYgSjrCDIhrxlg8FpoRhRxJJcSvmGIY+xU1/cJn3m4+YCxKxOzmMsRfCHiMBQVAq1NFv3IBDlFpZ6uJYEBqxBzs7nsDrTv8HZ0dTqBypMtmFzY1JTiw7q3T0qlkzx2VMhTUrqqCoRkd/cbsRSkLMJKJQiLZlxtJLIZcEUZxV3ETgGKIB7OG2kgyGWHjp+OzMOFCkawQRV49JY0x/T6QwFGIY+soZQtkXs70c/tdrJzI481LC4kRihiaLgoQaMjLyDI0u4RhJOlQCIk7UXw3UhyoLqZLOQ5g7eV44du28Zt2eVOsXRRplsAf2wSGwwCmogyvQAA5A4AmMwBt41561V+1D+5xYS1oxswv+lPb1DYqwrI0=</latexit><latexit sha1_base64="gzHMFx0DugBN6tMg+4T03FssaFc=">AAACNXicbZDNSsNAFIUn9a/Wv6hLN8EiCGJJgqDuim5cKFQwttDEMplO2qGTSZiZCCXkqdz4HO66caHi1ldw0oaqrRcGDt89lzv3+DElQprmSCstLC4tr5RXK2vrG5tb+vbOvYgSjrCDIhrxlg8FpoRhRxJJcSvmGIY+xU1/cJn3m4+YCxKxOzmMsRfCHiMBQVAq1NFv3IBDlFpZ6uJYEBqxBzs7nsDrTv8HZ0dTqBypMtmFzY1JTiw7q3T0qlkzx2VMhTUrqqCoRkd/cbsRSkLMJKJQiLZlxtJLIZcEUZxV3ETgGKIB7OG2kgyGWHjp+OzMOFCkawQRV49JY0x/T6QwFGIY+soZQtkXs70c/tdrJzI481LC4kRihiaLgoQaMjLyDI0u4RhJOlQCIk7UXw3UhyoLqZLOQ5g7eV44du28Zt2eVOsXRRplsAf2wSGwwCmogyvQAA5A4AmMwBt41561V+1D+5xYS1oxswv+lPb1DYqwrI0=</latexit>✓
2

⌘
+ 2 ln

�M2
h

⌫2

◆✓
1

✏
� Lm

◆

<latexit sha1_base64="3FwmKV/eyhsfTUxrMA5BqbvYozs="></latexit><latexit sha1_base64="3FwmKV/eyhsfTUxrMA5BqbvYozs="></latexit><latexit sha1_base64="3FwmKV/eyhsfTUxrMA5BqbvYozs="></latexit><latexit sha1_base64="3FwmKV/eyhsfTUxrMA5BqbvYozs="></latexit>

�
✓
2

⌘
+ ln

�M2
h

⌫2
+ ln

m2
b

⌫2

◆✓
1

✏
� Lm

◆
� 1

✏2
+

Lm

✏
� L2

m

2
+

⇡2

12
<latexit sha1_base64="qkV1P64Fhc8cTKilEVKktYKv9CQ="></latexit><latexit sha1_base64="qkV1P64Fhc8cTKilEVKktYKv9CQ="></latexit><latexit sha1_base64="qkV1P64Fhc8cTKilEVKktYKv9CQ="></latexit><latexit sha1_base64="qkV1P64Fhc8cTKilEVKktYKv9CQ="></latexit>

L2

2
� 2

<latexit sha1_base64="UHcx6+PBlOp40kB8aW6Zti+s2TE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnorevHgoYKxhTaWzXbTLt1swu5GqCG/xIsHFa/+FW/+G7dtDtr6YODx3gwz84KEM6Ud59taWl5ZXVsvbZQ3t7Z3Kvbu3r2KU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQ18VuPVCoWizs9Tqgf4YFgISNYG6lnV7qhxCS7eajnWT0/qffsqlNzpkCLxC1IFQo0e/ZXtx+TNKJCE46V6rhOov0MS80Ip3m5myqaYDLCA9oxVOCIKj+bHp6jI6P0URhLU0Kjqfp7IsORUuMoMJ0R1kM1703E/7xOqsNzP2MiSTUVZLYoTDnSMZqkgPpMUqL52BBMJDO3IjLEJgltsiqbENz5lxeJV69d1Nzb02rjskijBAdwCMfgwhk04Bqa4AGBFJ7hFd6sJ+vFerc+Zq1LVjGzD39gff4AVCSSag==</latexit><latexit sha1_base64="UHcx6+PBlOp40kB8aW6Zti+s2TE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnorevHgoYKxhTaWzXbTLt1swu5GqCG/xIsHFa/+FW/+G7dtDtr6YODx3gwz84KEM6Ud59taWl5ZXVsvbZQ3t7Z3Kvbu3r2KU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQ18VuPVCoWizs9Tqgf4YFgISNYG6lnV7qhxCS7eajnWT0/qffsqlNzpkCLxC1IFQo0e/ZXtx+TNKJCE46V6rhOov0MS80Ip3m5myqaYDLCA9oxVOCIKj+bHp6jI6P0URhLU0Kjqfp7IsORUuMoMJ0R1kM1703E/7xOqsNzP2MiSTUVZLYoTDnSMZqkgPpMUqL52BBMJDO3IjLEJgltsiqbENz5lxeJV69d1Nzb02rjskijBAdwCMfgwhk04Bqa4AGBFJ7hFd6sJ+vFerc+Zq1LVjGzD39gff4AVCSSag==</latexit><latexit sha1_base64="UHcx6+PBlOp40kB8aW6Zti+s2TE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnorevHgoYKxhTaWzXbTLt1swu5GqCG/xIsHFa/+FW/+G7dtDtr6YODx3gwz84KEM6Ud59taWl5ZXVsvbZQ3t7Z3Kvbu3r2KU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQ18VuPVCoWizs9Tqgf4YFgISNYG6lnV7qhxCS7eajnWT0/qffsqlNzpkCLxC1IFQo0e/ZXtx+TNKJCE46V6rhOov0MS80Ip3m5myqaYDLCA9oxVOCIKj+bHp6jI6P0URhLU0Kjqfp7IsORUuMoMJ0R1kM1703E/7xOqsNzP2MiSTUVZLYoTDnSMZqkgPpMUqL52BBMJDO3IjLEJgltsiqbENz5lxeJV69d1Nzb02rjskijBAdwCMfgwhk04Bqa4AGBFJ7hFd6sJ+vFerc+Zq1LVjGzD39gff4AVCSSag==</latexit><latexit sha1_base64="UHcx6+PBlOp40kB8aW6Zti+s2TE=">AAAB93icbVBNS8NAEJ34WetHox69LBbBiyUpgnorevHgoYKxhTaWzXbTLt1swu5GqCG/xIsHFa/+FW/+G7dtDtr6YODx3gwz84KEM6Ud59taWl5ZXVsvbZQ3t7Z3Kvbu3r2KU0moR2Iey3aAFeVMUE8zzWk7kRRHAaetYHQ18VuPVCoWizs9Tqgf4YFgISNYG6lnV7qhxCS7eajnWT0/qffsqlNzpkCLxC1IFQo0e/ZXtx+TNKJCE46V6rhOov0MS80Ip3m5myqaYDLCA9oxVOCIKj+bHp6jI6P0URhLU0Kjqfp7IsORUuMoMJ0R1kM1703E/7xOqsNzP2MiSTUVZLYoTDnSMZqkgPpMUqL52BBMJDO3IjLEJgltsiqbENz5lxeJV69d1Nzb02rjskijBAdwCMfgwhk04Bqa4AGBFJ7hFd6sJ+vFerc+Zq1LVjGzD39gff4AVCSSag==</latexit>

H
<latexit sha1_base64="g6dYdryqVYwix6qf6sWSgwy6+Nw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4/UC09cHA470ZZuaFqeDauO6Xs7K6tr6xWdgqbu/s7u2XDg7vdZIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmibwzoxSDmPYljzijxkqNWrdUdivuFOSHeIukDHPUu6XPTi9hWYzSMEG1bntuaoKcKsOZwHGxk2lMKRvSPrYtlTRGHeTTQ8fk1Co9EiXKljRkqv6eyGms9SgObWdMzUAvehPxP6+dmegqyLlMM4OSzRZFmSAmIZOvSY8rZEaMLKFMcXsrYQOqKDM2m6INYenlZeKfV64rXuOiXL2Zp1GAYziBM/DgEqpQgzr4wADhCV7g1Xlwnp03533WuuLMZ47gD5yPbw18jKE=</latexit><latexit sha1_base64="g6dYdryqVYwix6qf6sWSgwy6+Nw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4/UC09cHA470ZZuaFqeDauO6Xs7K6tr6xWdgqbu/s7u2XDg7vdZIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmibwzoxSDmPYljzijxkqNWrdUdivuFOSHeIukDHPUu6XPTi9hWYzSMEG1bntuaoKcKsOZwHGxk2lMKRvSPrYtlTRGHeTTQ8fk1Co9EiXKljRkqv6eyGms9SgObWdMzUAvehPxP6+dmegqyLlMM4OSzRZFmSAmIZOvSY8rZEaMLKFMcXsrYQOqKDM2m6INYenlZeKfV64rXuOiXL2Zp1GAYziBM/DgEqpQgzr4wADhCV7g1Xlwnp03533WuuLMZ47gD5yPbw18jKE=</latexit><latexit sha1_base64="g6dYdryqVYwix6qf6sWSgwy6+Nw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4/UC09cHA470ZZuaFqeDauO6Xs7K6tr6xWdgqbu/s7u2XDg7vdZIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmibwzoxSDmPYljzijxkqNWrdUdivuFOSHeIukDHPUu6XPTi9hWYzSMEG1bntuaoKcKsOZwHGxk2lMKRvSPrYtlTRGHeTTQ8fk1Co9EiXKljRkqv6eyGms9SgObWdMzUAvehPxP6+dmegqyLlMM4OSzRZFmSAmIZOvSY8rZEaMLKFMcXsrYQOqKDM2m6INYenlZeKfV64rXuOiXL2Zp1GAYziBM/DgEqpQgzr4wADhCV7g1Xlwnp03533WuuLMZ47gD5yPbw18jKE=</latexit><latexit sha1_base64="g6dYdryqVYwix6qf6sWSgwy6+Nw=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3opccWjC20oWy2k3btZhN2N0IJ/QVePKh49S9589+4/UC09cHA470ZZuaFqeDauO6Xs7K6tr6xWdgqbu/s7u2XDg7vdZIphj5LRKJaIdUouETfcCOwlSqkcSiwGQ5vJ37zEZXmibwzoxSDmPYljzijxkqNWrdUdivuFOSHeIukDHPUu6XPTi9hWYzSMEG1bntuaoKcKsOZwHGxk2lMKRvSPrYtlTRGHeTTQ8fk1Co9EiXKljRkqv6eyGms9SgObWdMzUAvehPxP6+dmegqyLlMM4OSzRZFmSAmIZOvSY8rZEaMLKFMcXsrYQOqKDM2m6INYenlZeKfV64rXuOiXL2Zp1GAYziBM/DgEqpQgzr4wADhCV7g1Xlwnp03533WuuLMZ47gD5yPbw18jKE=</latexit>

C
<latexit sha1_base64="HaMkMxQbQVhjLn4EAtJrpKyjpQI=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8LbPBaHIL5uIxAdcEkiXMTmaTMbMPZmaFsOQLvHhQ8eovefNvnCQrqGhBQ1HVTXeXnwiuNMYf1srq2vrGZmGruL2zu7dfOji8VXEqKXNpLGLZ9YligkfM1VwL1k0kI6EvWMefNOd+555JxePoRk8T5oVkFPGAU6KN1G4OSmVs4wUQtqvYqV84hlSquF7DyMmtMuRoDUrv/WFM05BFmgqiVM/BifYyIjWngs2K/VSxhNAJGbGeoREJmfKyxaEzdGqUIQpiaSrSaKF+n8hIqNQ09E1nSPRY/fbm4l9eL9VBzct4lKSaRXS5KEgF0jGaf42GXDKqxdQQQiU3tyI6JpJQbbIpmhC+PkX/E7di122nfV5uXOVpFOAYTuAMHLiEBlxDC1ygwOABnuDZurMerRfrddm6YuUzR/AD1tsnRgaMyQ==</latexit><latexit sha1_base64="HaMkMxQbQVhjLn4EAtJrpKyjpQI=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8LbPBaHIL5uIxAdcEkiXMTmaTMbMPZmaFsOQLvHhQ8eovefNvnCQrqGhBQ1HVTXeXnwiuNMYf1srq2vrGZmGruL2zu7dfOji8VXEqKXNpLGLZ9YligkfM1VwL1k0kI6EvWMefNOd+555JxePoRk8T5oVkFPGAU6KN1G4OSmVs4wUQtqvYqV84hlSquF7DyMmtMuRoDUrv/WFM05BFmgqiVM/BifYyIjWngs2K/VSxhNAJGbGeoREJmfKyxaEzdGqUIQpiaSrSaKF+n8hIqNQ09E1nSPRY/fbm4l9eL9VBzct4lKSaRXS5KEgF0jGaf42GXDKqxdQQQiU3tyI6JpJQbbIpmhC+PkX/E7di122nfV5uXOVpFOAYTuAMHLiEBlxDC1ygwOABnuDZurMerRfrddm6YuUzR/AD1tsnRgaMyQ==</latexit><latexit sha1_base64="HaMkMxQbQVhjLn4EAtJrpKyjpQI=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8LbPBaHIL5uIxAdcEkiXMTmaTMbMPZmaFsOQLvHhQ8eovefNvnCQrqGhBQ1HVTXeXnwiuNMYf1srq2vrGZmGruL2zu7dfOji8VXEqKXNpLGLZ9YligkfM1VwL1k0kI6EvWMefNOd+555JxePoRk8T5oVkFPGAU6KN1G4OSmVs4wUQtqvYqV84hlSquF7DyMmtMuRoDUrv/WFM05BFmgqiVM/BifYyIjWngs2K/VSxhNAJGbGeoREJmfKyxaEzdGqUIQpiaSrSaKF+n8hIqNQ09E1nSPRY/fbm4l9eL9VBzct4lKSaRXS5KEgF0jGaf42GXDKqxdQQQiU3tyI6JpJQbbIpmhC+PkX/E7di122nfV5uXOVpFOAYTuAMHLiEBlxDC1ygwOABnuDZurMerRfrddm6YuUzR/AD1tsnRgaMyQ==</latexit><latexit sha1_base64="HaMkMxQbQVhjLn4EAtJrpKyjpQI=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8LbPBaHIL5uIxAdcEkiXMTmaTMbMPZmaFsOQLvHhQ8eovefNvnCQrqGhBQ1HVTXeXnwiuNMYf1srq2vrGZmGruL2zu7dfOji8VXEqKXNpLGLZ9YligkfM1VwL1k0kI6EvWMefNOd+555JxePoRk8T5oVkFPGAU6KN1G4OSmVs4wUQtqvYqV84hlSquF7DyMmtMuRoDUrv/WFM05BFmgqiVM/BifYyIjWngs2K/VSxhNAJGbGeoREJmfKyxaEzdGqUIQpiaSrSaKF+n8hIqNQ09E1nSPRY/fbm4l9eL9VBzct4lKSaRXS5KEgF0jGaf42GXDKqxdQQQiU3tyI6JpJQbbIpmhC+PkX/E7di122nfV5uXOVpFOAYTuAMHLiEBlxDC1ygwOABnuDZurMerRfrddm6YuUzR/AD1tsnRgaMyQ==</latexit>

C̄
<latexit sha1_base64="NB+KUOHoumkzJoR0azE6sNMDOOY=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8Ldlitb0Ve/FYwW0L7VKyabaNzSZLkhXK0v/gxYOKV3+QN/+NabuCij4YeLw3w8y8MOFMG4Q+nJXVtfWNzcJWcXtnd2+/dHDY1jJVhPpEcqm6IdaUM0F9wwyn3URRHIecdsJJc+537qnSTIpbM01oEOORYBEj2Fip3Q+xgs1BqYxctABEbhV59QvPkkoV1WsIerlVBjlag9J7fyhJGlNhCMda9zyUmCDDyjDC6azYTzVNMJngEe1ZKnBMdZAtrp3BU6sMYSSVLWHgQv0+keFY62kc2s4Ym7H+7c3Fv7xeaqJakDGRpIYKslwUpRwaCeevwyFTlBg+tQQTxeytkIyxwsTYgIo2hK9P4f/Er7h117s5Lzeu8jQK4BicgDPggUvQANegBXxAwB14AE/g2ZHOo/PivC5bV5x85gj8gPP2CZLEjqw=</latexit><latexit sha1_base64="NB+KUOHoumkzJoR0azE6sNMDOOY=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8Ldlitb0Ve/FYwW0L7VKyabaNzSZLkhXK0v/gxYOKV3+QN/+NabuCij4YeLw3w8y8MOFMG4Q+nJXVtfWNzcJWcXtnd2+/dHDY1jJVhPpEcqm6IdaUM0F9wwyn3URRHIecdsJJc+537qnSTIpbM01oEOORYBEj2Fip3Q+xgs1BqYxctABEbhV59QvPkkoV1WsIerlVBjlag9J7fyhJGlNhCMda9zyUmCDDyjDC6azYTzVNMJngEe1ZKnBMdZAtrp3BU6sMYSSVLWHgQv0+keFY62kc2s4Ym7H+7c3Fv7xeaqJakDGRpIYKslwUpRwaCeevwyFTlBg+tQQTxeytkIyxwsTYgIo2hK9P4f/Er7h117s5Lzeu8jQK4BicgDPggUvQANegBXxAwB14AE/g2ZHOo/PivC5bV5x85gj8gPP2CZLEjqw=</latexit><latexit sha1_base64="NB+KUOHoumkzJoR0azE6sNMDOOY=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8Ldlitb0Ve/FYwW0L7VKyabaNzSZLkhXK0v/gxYOKV3+QN/+NabuCij4YeLw3w8y8MOFMG4Q+nJXVtfWNzcJWcXtnd2+/dHDY1jJVhPpEcqm6IdaUM0F9wwyn3URRHIecdsJJc+537qnSTIpbM01oEOORYBEj2Fip3Q+xgs1BqYxctABEbhV59QvPkkoV1WsIerlVBjlag9J7fyhJGlNhCMda9zyUmCDDyjDC6azYTzVNMJngEe1ZKnBMdZAtrp3BU6sMYSSVLWHgQv0+keFY62kc2s4Ym7H+7c3Fv7xeaqJakDGRpIYKslwUpRwaCeevwyFTlBg+tQQTxeytkIyxwsTYgIo2hK9P4f/Er7h117s5Lzeu8jQK4BicgDPggUvQANegBXxAwB14AE/g2ZHOo/PivC5bV5x85gj8gPP2CZLEjqw=</latexit><latexit sha1_base64="NB+KUOHoumkzJoR0azE6sNMDOOY=">AAAB7HicdVBNSwMxEM36WetX1aOXYBE8Ldlitb0Ve/FYwW0L7VKyabaNzSZLkhXK0v/gxYOKV3+QN/+NabuCij4YeLw3w8y8MOFMG4Q+nJXVtfWNzcJWcXtnd2+/dHDY1jJVhPpEcqm6IdaUM0F9wwyn3URRHIecdsJJc+537qnSTIpbM01oEOORYBEj2Fip3Q+xgs1BqYxctABEbhV59QvPkkoV1WsIerlVBjlag9J7fyhJGlNhCMda9zyUmCDDyjDC6azYTzVNMJngEe1ZKnBMdZAtrp3BU6sMYSSVLWHgQv0+keFY62kc2s4Ym7H+7c3Fv7xeaqJakDGRpIYKslwUpRwaCeevwyFTlBg+tQQTxeytkIyxwsTYgIo2hK9P4f/Er7h117s5Lzeu8jQK4BicgDPggUvQANegBXxAwB14AE/g2ZHOo/PivC5bV5x85gj8gPP2CZLEjqw=</latexit>

S
<latexit sha1_base64="0aanGl/DPPMrucfV0gnF38J0trI=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF48JOiaQDKGnU5O09ix09whhyBd48aDi1V/y5t/YWYQo+qDg8V4VVfWCVHClHefTKiwsLi2vFFdLa+sbm1vl7Z1blWSSoccSkchWQBUKHqOnuRbYSiXSKBDYDO4vx37zAaXiSXyjhyn6Ee3HPOSMaiM1rrvlims7ExDHPnHc6qlryEz5tiowQ71b/uj0EpZFGGsmqFJt10m1n1OpORM4KnUyhSll97SPbUNjGqHy88mhI3JglB4JE2kq1mSizk/kNFJqGAWmM6J6oH57Y/Evr53p8NzPeZxmGmM2XRRmguiEjL8mPS6RaTE0hDLJza2EDaikTJtsSvMh/E+8I7tqu43jSu1ilkYR9mAfDsGFM6jBFdTBAwYIj/AML9ad9WS9Wm/T1oI1m9mFH7DevwA97YzC</latexit><latexit sha1_base64="0aanGl/DPPMrucfV0gnF38J0trI=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF48JOiaQDKGnU5O09ix09whhyBd48aDi1V/y5t/YWYQo+qDg8V4VVfWCVHClHefTKiwsLi2vFFdLa+sbm1vl7Z1blWSSoccSkchWQBUKHqOnuRbYSiXSKBDYDO4vx37zAaXiSXyjhyn6Ee3HPOSMaiM1rrvlims7ExDHPnHc6qlryEz5tiowQ71b/uj0EpZFGGsmqFJt10m1n1OpORM4KnUyhSll97SPbUNjGqHy88mhI3JglB4JE2kq1mSizk/kNFJqGAWmM6J6oH57Y/Evr53p8NzPeZxmGmM2XRRmguiEjL8mPS6RaTE0hDLJza2EDaikTJtsSvMh/E+8I7tqu43jSu1ilkYR9mAfDsGFM6jBFdTBAwYIj/AML9ad9WS9Wm/T1oI1m9mFH7DevwA97YzC</latexit><latexit sha1_base64="0aanGl/DPPMrucfV0gnF38J0trI=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF48JOiaQDKGnU5O09ix09whhyBd48aDi1V/y5t/YWYQo+qDg8V4VVfWCVHClHefTKiwsLi2vFFdLa+sbm1vl7Z1blWSSoccSkchWQBUKHqOnuRbYSiXSKBDYDO4vx37zAaXiSXyjhyn6Ee3HPOSMaiM1rrvlims7ExDHPnHc6qlryEz5tiowQ71b/uj0EpZFGGsmqFJt10m1n1OpORM4KnUyhSll97SPbUNjGqHy88mhI3JglB4JE2kq1mSizk/kNFJqGAWmM6J6oH57Y/Evr53p8NzPeZxmGmM2XRRmguiEjL8mPS6RaTE0hDLJza2EDaikTJtsSvMh/E+8I7tqu43jSu1ilkYR9mAfDsGFM6jBFdTBAwYIj/AML9ad9WS9Wm/T1oI1m9mFH7DevwA97YzC</latexit><latexit sha1_base64="0aanGl/DPPMrucfV0gnF38J0trI=">AAAB53icdVDJSgNBEK2JW4xb1KOXxiB4GmbELbegF48JOiaQDKGnU5O09ix09whhyBd48aDi1V/y5t/YWYQo+qDg8V4VVfWCVHClHefTKiwsLi2vFFdLa+sbm1vl7Z1blWSSoccSkchWQBUKHqOnuRbYSiXSKBDYDO4vx37zAaXiSXyjhyn6Ee3HPOSMaiM1rrvlims7ExDHPnHc6qlryEz5tiowQ71b/uj0EpZFGGsmqFJt10m1n1OpORM4KnUyhSll97SPbUNjGqHy88mhI3JglB4JE2kq1mSizk/kNFJqGAWmM6J6oH57Y/Evr53p8NzPeZxmGmM2XRRmguiEjL8mPS6RaTE0hDLJza2EDaikTJtsSvMh/E+8I7tqu43jSu1ilkYR9mAfDsGFM6jBFdTBAwYIj/AML9ad9WS9Wm/T1oI1m9mFH7DevwA97YzC</latexit>

+
<latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit>

+
<latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit>

+
<latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit><latexit sha1_base64="yO3r45fahLgmPds3KEsWz8CfsUg=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBZBEEoignorevHYgrGFNpTNdtqu3WzC7kYoob/AiwcVr/4lb/4bt20O2vpg4PHeDDPzwkRwbVz32ymsrK6tbxQ3S1vbO7t75f2DBx2niqHPYhGrVkg1Ci7RN9wIbCUKaRQKbIaj26nffEKleSzvzTjBIKIDyfucUWOlxlm3XHGr7gxkmXg5qUCOerf81enFLI1QGiao1m3PTUyQUWU4EzgpdVKNCWUjOsC2pZJGqINsduiEnFilR/qxsiUNmam/JzIaaT2OQtsZUTPUi95U/M9rp6Z/FWRcJqlByeaL+qkgJibTr0mPK2RGjC2hTHF7K2FDqigzNpuSDcFbfHmZ+OfV66rXuKjUbvI0inAEx3AKHlxCDe6gDj4wQHiGV3hzHp0X5935mLcWnHzmEP7A+fwB4CmMgw==</latexit>

=<latexit sha1_base64="L9YnUhfbiHS23kj/yV0czku0Uz4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorNa675YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldpOnUYQjOIZT8OACanAHdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+1+MlQ==</latexit><latexit sha1_base64="L9YnUhfbiHS23kj/yV0czku0Uz4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorNa675YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldpOnUYQjOIZT8OACanAHdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+1+MlQ==</latexit><latexit sha1_base64="L9YnUhfbiHS23kj/yV0czku0Uz4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorNa675YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldpOnUYQjOIZT8OACanAHdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+1+MlQ==</latexit><latexit sha1_base64="L9YnUhfbiHS23kj/yV0czku0Uz4=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHFowttKFsttN27WYTdjdCCf0FXjyoePUvefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOg4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3U795hMqzWN5b8YJBhEdSN7njBorNa675YpbdWcgy8TLSQVy1Lvlr04vZmmE0jBBtW57bmKCjCrDmcBJqZNqTCgb0QG2LZU0Qh1ks0Mn5MQqPdKPlS1pyEz9PZHRSOtxFNrOiJqhXvSm4n9eOzX9yyDjMkkNSjZf1E8FMTGZfk16XCEzYmwJZYrbWwkbUkWZsdmUbAje4svLxD+rXlW9xnmldpOnUYQjOIZT8OACanAHdfCBAcIzvMKb8+i8OO/Ox7y14OQzh/AHzucP+1+MlQ==</latexit>

Lh = ln
�M2

h

µ2
<latexit sha1_base64="aDwHIabxLSfSjDagVngR8d3EogA=">AAACA3icbVDLSsNAFJ3UV62vqMtugkVwY0mKoC6EohsXChWMLTQxTKaTZujMJMxMhBK6cOOvuHGh4tafcOffOG2z0NYDl3s4515m7glTSqSy7W+jtLC4tLxSXq2srW9sbpnbO3cyyQTCLkpoIjohlJgSjl1FFMWdVGDIQorb4eBi7LcfsJAk4bdqmGKfwT4nEUFQaSkwq1dBfOZR7kUCovzwOojvG6PcY5lugVmz6/YE1jxxClIDBVqB+eX1EpQxzBWiUMquY6fKz6FQBFE8qniZxClEA9jHXU05ZFj6+eSIkbWvlZ4VJUIXV9ZE/b2RQyblkIV6kkEVy1lvLP7ndTMVnfg54WmmMEfTh6KMWiqxxolYPSIwUnSoCUSC6L9aKIY6DqVzq+gQnNmT54nbqJ/WnZujWvO8SKMMqmAPHAAHHIMmuAQt4AIEHsEzeAVvxpPxYrwbH9PRklHs7II/MD5/AI1el5o=</latexit><latexit sha1_base64="aDwHIabxLSfSjDagVngR8d3EogA=">AAACA3icbVDLSsNAFJ3UV62vqMtugkVwY0mKoC6EohsXChWMLTQxTKaTZujMJMxMhBK6cOOvuHGh4tafcOffOG2z0NYDl3s4515m7glTSqSy7W+jtLC4tLxSXq2srW9sbpnbO3cyyQTCLkpoIjohlJgSjl1FFMWdVGDIQorb4eBi7LcfsJAk4bdqmGKfwT4nEUFQaSkwq1dBfOZR7kUCovzwOojvG6PcY5lugVmz6/YE1jxxClIDBVqB+eX1EpQxzBWiUMquY6fKz6FQBFE8qniZxClEA9jHXU05ZFj6+eSIkbWvlZ4VJUIXV9ZE/b2RQyblkIV6kkEVy1lvLP7ndTMVnfg54WmmMEfTh6KMWiqxxolYPSIwUnSoCUSC6L9aKIY6DqVzq+gQnNmT54nbqJ/WnZujWvO8SKMMqmAPHAAHHIMmuAQt4AIEHsEzeAVvxpPxYrwbH9PRklHs7II/MD5/AI1el5o=</latexit><latexit sha1_base64="aDwHIabxLSfSjDagVngR8d3EogA=">AAACA3icbVDLSsNAFJ3UV62vqMtugkVwY0mKoC6EohsXChWMLTQxTKaTZujMJMxMhBK6cOOvuHGh4tafcOffOG2z0NYDl3s4515m7glTSqSy7W+jtLC4tLxSXq2srW9sbpnbO3cyyQTCLkpoIjohlJgSjl1FFMWdVGDIQorb4eBi7LcfsJAk4bdqmGKfwT4nEUFQaSkwq1dBfOZR7kUCovzwOojvG6PcY5lugVmz6/YE1jxxClIDBVqB+eX1EpQxzBWiUMquY6fKz6FQBFE8qniZxClEA9jHXU05ZFj6+eSIkbWvlZ4VJUIXV9ZE/b2RQyblkIV6kkEVy1lvLP7ndTMVnfg54WmmMEfTh6KMWiqxxolYPSIwUnSoCUSC6L9aKIY6DqVzq+gQnNmT54nbqJ/WnZujWvO8SKMMqmAPHAAHHIMmuAQt4AIEHsEzeAVvxpPxYrwbH9PRklHs7II/MD5/AI1el5o=</latexit><latexit sha1_base64="aDwHIabxLSfSjDagVngR8d3EogA=">AAACA3icbVDLSsNAFJ3UV62vqMtugkVwY0mKoC6EohsXChWMLTQxTKaTZujMJMxMhBK6cOOvuHGh4tafcOffOG2z0NYDl3s4515m7glTSqSy7W+jtLC4tLxSXq2srW9sbpnbO3cyyQTCLkpoIjohlJgSjl1FFMWdVGDIQorb4eBi7LcfsJAk4bdqmGKfwT4nEUFQaSkwq1dBfOZR7kUCovzwOojvG6PcY5lugVmz6/YE1jxxClIDBVqB+eX1EpQxzBWiUMquY6fKz6FQBFE8qniZxClEA9jHXU05ZFj6+eSIkbWvlZ4VJUIXV9ZE/b2RQyblkIV6kkEVy1lvLP7ndTMVnfg54WmmMEfTh6KMWiqxxolYPSIwUnSoCUSC6L9aKIY6DqVzq+gQnNmT54nbqJ/WnZujWvO8SKMMqmAPHAAHHIMmuAQt4AIEHsEzeAVvxpPxYrwbH9PRklHs7II/MD5/AI1el5o=</latexit>

Lm = ln
m2

b

µ2
<latexit sha1_base64="O7mdoXligxACfz7glEQKsyUUnWg=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBVZkpgroQim5cuKjg2EJnHDJppg1NMkOSEcpQcOOvuHGh4tavcOffmLaz0NYDl3s4516Se6KUUaUd59sqLSwuLa+UVytr6xubW/b2zp1KMomJhxOWyHaEFGFUEE9TzUg7lQTxiJFWNLgc+60HIhVNxK0epiTgqCdoTDHSRgrtveuQn/tM+LFEOOdhdF8f5T7PTAvtqlNzJoDzxC1IFRRohvaX301wxonQmCGlOq6T6iBHUlPMyKjiZ4qkCA9Qj3QMFYgTFeSTG0bw0ChdGCfSlNBwov7eyBFXasgjM8mR7qtZbyz+53UyHZ8GORVpponA04fijEGdwHEgsEslwZoNDUFYUvNXiPvIpKFNbBUTgjt78jzx6rWzmntzXG1cFGmUwT44AEfABSegAa5AE3gAg0fwDF7Bm/VkvVjv1sd0tGQVO7vgD6zPH011l4I=</latexit><latexit sha1_base64="O7mdoXligxACfz7glEQKsyUUnWg=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBVZkpgroQim5cuKjg2EJnHDJppg1NMkOSEcpQcOOvuHGh4tavcOffmLaz0NYDl3s4516Se6KUUaUd59sqLSwuLa+UVytr6xubW/b2zp1KMomJhxOWyHaEFGFUEE9TzUg7lQTxiJFWNLgc+60HIhVNxK0epiTgqCdoTDHSRgrtveuQn/tM+LFEOOdhdF8f5T7PTAvtqlNzJoDzxC1IFRRohvaX301wxonQmCGlOq6T6iBHUlPMyKjiZ4qkCA9Qj3QMFYgTFeSTG0bw0ChdGCfSlNBwov7eyBFXasgjM8mR7qtZbyz+53UyHZ8GORVpponA04fijEGdwHEgsEslwZoNDUFYUvNXiPvIpKFNbBUTgjt78jzx6rWzmntzXG1cFGmUwT44AEfABSegAa5AE3gAg0fwDF7Bm/VkvVjv1sd0tGQVO7vgD6zPH011l4I=</latexit><latexit sha1_base64="O7mdoXligxACfz7glEQKsyUUnWg=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBVZkpgroQim5cuKjg2EJnHDJppg1NMkOSEcpQcOOvuHGh4tavcOffmLaz0NYDl3s4516Se6KUUaUd59sqLSwuLa+UVytr6xubW/b2zp1KMomJhxOWyHaEFGFUEE9TzUg7lQTxiJFWNLgc+60HIhVNxK0epiTgqCdoTDHSRgrtveuQn/tM+LFEOOdhdF8f5T7PTAvtqlNzJoDzxC1IFRRohvaX301wxonQmCGlOq6T6iBHUlPMyKjiZ4qkCA9Qj3QMFYgTFeSTG0bw0ChdGCfSlNBwov7eyBFXasgjM8mR7qtZbyz+53UyHZ8GORVpponA04fijEGdwHEgsEslwZoNDUFYUvNXiPvIpKFNbBUTgjt78jzx6rWzmntzXG1cFGmUwT44AEfABSegAa5AE3gAg0fwDF7Bm/VkvVjv1sd0tGQVO7vgD6zPH011l4I=</latexit><latexit sha1_base64="O7mdoXligxACfz7glEQKsyUUnWg=">AAACAnicbVDLSgMxFM3UV62vUXe6CRbBVZkpgroQim5cuKjg2EJnHDJppg1NMkOSEcpQcOOvuHGh4tavcOffmLaz0NYDl3s4516Se6KUUaUd59sqLSwuLa+UVytr6xubW/b2zp1KMomJhxOWyHaEFGFUEE9TzUg7lQTxiJFWNLgc+60HIhVNxK0epiTgqCdoTDHSRgrtveuQn/tM+LFEOOdhdF8f5T7PTAvtqlNzJoDzxC1IFRRohvaX301wxonQmCGlOq6T6iBHUlPMyKjiZ4qkCA9Qj3QMFYgTFeSTG0bw0ChdGCfSlNBwov7eyBFXasgjM8mR7qtZbyz+53UyHZ8GORVpponA04fijEGdwHEgsEslwZoNDUFYUvNXiPvIpKFNbBUTgjt78jzx6rWzmntzXG1cFGmUwT44AEfABSegAa5AE3gAg0fwDF7Bm/VkvVjv1sd0tGQVO7vgD6zPH011l4I=</latexit>

L = ln
�M2

h

m2
b

<latexit sha1_base64="NeagBM7xkn8hm44KOf4/cwjDtGU=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5aZIqgLoejGhUIFawudccikmTY0yQxJRihDceOvuHGh4ta/cOffmLaz0NYDl3s4516Se8KEUaUd59sqzM0vLC4Vl0srq2vrG/bm1p2KU4lJA8cslq0QKcKoIA1NNSOtRBLEQ0aaYf9i5DcfiFQ0Frd6kBCfo66gEcVIGymwd67OPCa8SCKcHV4HvfvqMONBaFpgl52KMwacJW5OyiBHPbC/vE6MU06Exgwp1XadRPsZkppiRoYlL1UkQbiPuqRtqECcKD8bnzCE+0bpwCiWpoSGY/X3Roa4UgMemkmOdE9NeyPxP6+d6ujEz6hIUk0EnjwUpQzqGI7ygB0qCdZsYAjCkpq/QtxDJg5tUiuZENzpk2dJo1o5rbg3R+XaeZ5GEeyCPXAAXHAMauAS1EEDYPAInsEreLOerBfr3fqYjBasfGcb/IH1+QPqGpav</latexit><latexit sha1_base64="NeagBM7xkn8hm44KOf4/cwjDtGU=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5aZIqgLoejGhUIFawudccikmTY0yQxJRihDceOvuHGh4ta/cOffmLaz0NYDl3s4516Se8KEUaUd59sqzM0vLC4Vl0srq2vrG/bm1p2KU4lJA8cslq0QKcKoIA1NNSOtRBLEQ0aaYf9i5DcfiFQ0Frd6kBCfo66gEcVIGymwd67OPCa8SCKcHV4HvfvqMONBaFpgl52KMwacJW5OyiBHPbC/vE6MU06Exgwp1XadRPsZkppiRoYlL1UkQbiPuqRtqECcKD8bnzCE+0bpwCiWpoSGY/X3Roa4UgMemkmOdE9NeyPxP6+d6ujEz6hIUk0EnjwUpQzqGI7ygB0qCdZsYAjCkpq/QtxDJg5tUiuZENzpk2dJo1o5rbg3R+XaeZ5GEeyCPXAAXHAMauAS1EEDYPAInsEreLOerBfr3fqYjBasfGcb/IH1+QPqGpav</latexit><latexit sha1_base64="NeagBM7xkn8hm44KOf4/cwjDtGU=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5aZIqgLoejGhUIFawudccikmTY0yQxJRihDceOvuHGh4ta/cOffmLaz0NYDl3s4516Se8KEUaUd59sqzM0vLC4Vl0srq2vrG/bm1p2KU4lJA8cslq0QKcKoIA1NNSOtRBLEQ0aaYf9i5DcfiFQ0Frd6kBCfo66gEcVIGymwd67OPCa8SCKcHV4HvfvqMONBaFpgl52KMwacJW5OyiBHPbC/vE6MU06Exgwp1XadRPsZkppiRoYlL1UkQbiPuqRtqECcKD8bnzCE+0bpwCiWpoSGY/X3Roa4UgMemkmOdE9NeyPxP6+d6ujEz6hIUk0EnjwUpQzqGI7ygB0qCdZsYAjCkpq/QtxDJg5tUiuZENzpk2dJo1o5rbg3R+XaeZ5GEeyCPXAAXHAMauAS1EEDYPAInsEreLOerBfr3fqYjBasfGcb/IH1+QPqGpav</latexit><latexit sha1_base64="NeagBM7xkn8hm44KOf4/cwjDtGU=">AAACAXicbVDLSgMxFM3UV62vUVfiJlgEN5aZIqgLoejGhUIFawudccikmTY0yQxJRihDceOvuHGh4ta/cOffmLaz0NYDl3s4516Se8KEUaUd59sqzM0vLC4Vl0srq2vrG/bm1p2KU4lJA8cslq0QKcKoIA1NNSOtRBLEQ0aaYf9i5DcfiFQ0Frd6kBCfo66gEcVIGymwd67OPCa8SCKcHV4HvfvqMONBaFpgl52KMwacJW5OyiBHPbC/vE6MU06Exgwp1XadRPsZkppiRoYlL1UkQbiPuqRtqECcKD8bnzCE+0bpwCiWpoSGY/X3Roa4UgMemkmOdE9NeyPxP6+d6ujEz6hIUk0EnjwUpQzqGI7ygB0qCdZsYAjCkpq/QtxDJg5tUiuZENzpk2dJo1o5rbg3R+XaeZ5GEeyCPXAAXHAMauAS1EEDYPAInsEreLOerBfr3fqYjBasfGcb/IH1+QPqGpav</latexit>

⇥(`+ � `�)

✓
�Mh`+

⌫2

◆⌘

+⇥(`� � `+)

✓
�Mh`�

⌫2

◆⌘

<latexit sha1_base64="A5vrkYhCo1lpumQaiMVVAP1uSgE="></latexit><latexit sha1_base64="A5vrkYhCo1lpumQaiMVVAP1uSgE="></latexit><latexit sha1_base64="A5vrkYhCo1lpumQaiMVVAP1uSgE="></latexit><latexit sha1_base64="A5vrkYhCo1lpumQaiMVVAP1uSgE="></latexit>

Rapidity divergences at LO

`+ $ `�
<latexit sha1_base64="OAaFKV629SzznWux1Eg62dF1QoY="></latexit><latexit sha1_base64="OAaFKV629SzznWux1Eg62dF1QoY="></latexit><latexit sha1_base64="OAaFKV629SzznWux1Eg62dF1QoY="></latexit><latexit sha1_base64="OAaFKV629SzznWux1Eg62dF1QoY="></latexit>

ZLL, Neubert, 1912.08818(JHEP)
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SM

SU(3)c × U(1)em
µ2 ∼ M 2

h

µ2 ∼ Mhmb

µ2 ∼ m2
b

O2(z)
<latexit sha1_base64="ees+jNGCynfuMdM2o/O/ldIR5oU=">AAAB7HicdVDLSsNAFL3xWeur6tLNYBHqJiTFV3dFN+6sYNpCG8pkOmnHTjJhZiLU0H9w40LFrR/kzr9x+hCq6IELh3Pu5d57goQzpR3n01pYXFpeWc2t5dc3Nre2Czu7dSVSSahHBBeyGWBFOYupp5nmtJlIiqOA00YwuBz7jXsqFRPxrR4m1I9wL2YhI1gbqX7dKZcejjqFoms7EyDHPnHcyqlryEz5toowQ61T+Gh3BUkjGmvCsVIt10m0n2GpGeF0lG+niiaYDHCPtgyNcUSVn02uHaFDo3RRKKSpWKOJOj+R4UipYRSYzgjrvvrtjcW/vFaqw3M/Y3GSahqT6aIw5UgLNH4ddZmkRPOhIZhIZm5FpI8lJtoElJ8P4X/ile2K7d4cF6sXszRysA8HUAIXzqAKV1ADDwjcwSM8w4slrCfr1Xqbti5Ys5k9+AHr/QsDDI5M</latexit><latexit sha1_base64="ees+jNGCynfuMdM2o/O/ldIR5oU=">AAAB7HicdVDLSsNAFL3xWeur6tLNYBHqJiTFV3dFN+6sYNpCG8pkOmnHTjJhZiLU0H9w40LFrR/kzr9x+hCq6IELh3Pu5d57goQzpR3n01pYXFpeWc2t5dc3Nre2Czu7dSVSSahHBBeyGWBFOYupp5nmtJlIiqOA00YwuBz7jXsqFRPxrR4m1I9wL2YhI1gbqX7dKZcejjqFoms7EyDHPnHcyqlryEz5toowQ61T+Gh3BUkjGmvCsVIt10m0n2GpGeF0lG+niiaYDHCPtgyNcUSVn02uHaFDo3RRKKSpWKOJOj+R4UipYRSYzgjrvvrtjcW/vFaqw3M/Y3GSahqT6aIw5UgLNH4ddZmkRPOhIZhIZm5FpI8lJtoElJ8P4X/ile2K7d4cF6sXszRysA8HUAIXzqAKV1ADDwjcwSM8w4slrCfr1Xqbti5Ys5k9+AHr/QsDDI5M</latexit><latexit sha1_base64="ees+jNGCynfuMdM2o/O/ldIR5oU=">AAAB7HicdVDLSsNAFL3xWeur6tLNYBHqJiTFV3dFN+6sYNpCG8pkOmnHTjJhZiLU0H9w40LFrR/kzr9x+hCq6IELh3Pu5d57goQzpR3n01pYXFpeWc2t5dc3Nre2Czu7dSVSSahHBBeyGWBFOYupp5nmtJlIiqOA00YwuBz7jXsqFRPxrR4m1I9wL2YhI1gbqX7dKZcejjqFoms7EyDHPnHcyqlryEz5toowQ61T+Gh3BUkjGmvCsVIt10m0n2GpGeF0lG+niiaYDHCPtgyNcUSVn02uHaFDo3RRKKSpWKOJOj+R4UipYRSYzgjrvvrtjcW/vFaqw3M/Y3GSahqT6aIw5UgLNH4ddZmkRPOhIZhIZm5FpI8lJtoElJ8P4X/ile2K7d4cF6sXszRysA8HUAIXzqAKV1ADDwjcwSM8w4slrCfr1Xqbti5Ys5k9+AHr/QsDDI5M</latexit><latexit sha1_base64="ees+jNGCynfuMdM2o/O/ldIR5oU=">AAAB7HicdVDLSsNAFL3xWeur6tLNYBHqJiTFV3dFN+6sYNpCG8pkOmnHTjJhZiLU0H9w40LFrR/kzr9x+hCq6IELh3Pu5d57goQzpR3n01pYXFpeWc2t5dc3Nre2Czu7dSVSSahHBBeyGWBFOYupp5nmtJlIiqOA00YwuBz7jXsqFRPxrR4m1I9wL2YhI1gbqX7dKZcejjqFoms7EyDHPnHcyqlryEz5toowQ61T+Gh3BUkjGmvCsVIt10m0n2GpGeF0lG+niiaYDHCPtgyNcUSVn02uHaFDo3RRKKSpWKOJOj+R4UipYRSYzgjrvvrtjcW/vFaqw3M/Y3GSahqT6aIw5UgLNH4ddZmkRPOhIZhIZm5FpI8lJtoElJ8P4X/ile2K7d4cF6sXszRysA8HUAIXzqAKV1ADDwjcwSM8w4slrCfr1Xqbti5Ys5k9+AHr/QsDDI5M</latexit>

S(`+`�,m2
b)

<latexit sha1_base64="jqRTqm+9GdQ0p18+4zjtmbMbRhs=">AAAB/XicdVDLSgMxFM3UV62vUXHlJliEijpkitV2V3TjsqK1hb7IpJk2NPMgyQhlKPgrblyouPU/3Pk3ptMRVPTAvRzOuZfcHCfkTCqEPozM3PzC4lJ2Obeyura+YW5u3cogEoTWScAD0XSwpJz5tK6Y4rQZCoo9h9OGM7qY+o07KiQL/Bs1DmnHwwOfuYxgpaWeuXNdaFPOu4dJPz7yek63eNAz88hCCSCySsiunNqaFEuoUkbQTq08SFHrme/tfkAij/qKcCxly0ah6sRYKEY4neTakaQhJiM8oC1NfexR2YmT8ydwXyt96AZCl69gon7fiLEn5dhz9KSH1VD+9qbiX14rUm65EzM/jBT1yewhN+JQBXCaBewzQYniY00wEUzfCskQC0yUTiynQ/j6Kfyf1ItWxbKvTvLV8zSNLNgFe6AAbHAGquAS1EAdEBCDB/AEno1749F4MV5noxkj3dkGP2C8fQLWG5RT</latexit><latexit sha1_base64="jqRTqm+9GdQ0p18+4zjtmbMbRhs=">AAAB/XicdVDLSgMxFM3UV62vUXHlJliEijpkitV2V3TjsqK1hb7IpJk2NPMgyQhlKPgrblyouPU/3Pk3ptMRVPTAvRzOuZfcHCfkTCqEPozM3PzC4lJ2Obeyura+YW5u3cogEoTWScAD0XSwpJz5tK6Y4rQZCoo9h9OGM7qY+o07KiQL/Bs1DmnHwwOfuYxgpaWeuXNdaFPOu4dJPz7yek63eNAz88hCCSCySsiunNqaFEuoUkbQTq08SFHrme/tfkAij/qKcCxly0ah6sRYKEY4neTakaQhJiM8oC1NfexR2YmT8ydwXyt96AZCl69gon7fiLEn5dhz9KSH1VD+9qbiX14rUm65EzM/jBT1yewhN+JQBXCaBewzQYniY00wEUzfCskQC0yUTiynQ/j6Kfyf1ItWxbKvTvLV8zSNLNgFe6AAbHAGquAS1EAdEBCDB/AEno1749F4MV5noxkj3dkGP2C8fQLWG5RT</latexit><latexit sha1_base64="jqRTqm+9GdQ0p18+4zjtmbMbRhs=">AAAB/XicdVDLSgMxFM3UV62vUXHlJliEijpkitV2V3TjsqK1hb7IpJk2NPMgyQhlKPgrblyouPU/3Pk3ptMRVPTAvRzOuZfcHCfkTCqEPozM3PzC4lJ2Obeyura+YW5u3cogEoTWScAD0XSwpJz5tK6Y4rQZCoo9h9OGM7qY+o07KiQL/Bs1DmnHwwOfuYxgpaWeuXNdaFPOu4dJPz7yek63eNAz88hCCSCySsiunNqaFEuoUkbQTq08SFHrme/tfkAij/qKcCxly0ah6sRYKEY4neTakaQhJiM8oC1NfexR2YmT8ydwXyt96AZCl69gon7fiLEn5dhz9KSH1VD+9qbiX14rUm65EzM/jBT1yewhN+JQBXCaBewzQYniY00wEUzfCskQC0yUTiynQ/j6Kfyf1ItWxbKvTvLV8zSNLNgFe6AAbHAGquAS1EAdEBCDB/AEno1749F4MV5noxkj3dkGP2C8fQLWG5RT</latexit><latexit sha1_base64="jqRTqm+9GdQ0p18+4zjtmbMbRhs=">AAAB/XicdVDLSgMxFM3UV62vUXHlJliEijpkitV2V3TjsqK1hb7IpJk2NPMgyQhlKPgrblyouPU/3Pk3ptMRVPTAvRzOuZfcHCfkTCqEPozM3PzC4lJ2Obeyura+YW5u3cogEoTWScAD0XSwpJz5tK6Y4rQZCoo9h9OGM7qY+o07KiQL/Bs1DmnHwwOfuYxgpaWeuXNdaFPOu4dJPz7yek63eNAz88hCCSCySsiunNqaFEuoUkbQTq08SFHrme/tfkAij/qKcCxly0ah6sRYKEY4neTakaQhJiM8oC1NfexR2YmT8ydwXyt96AZCl69gon7fiLEn5dhz9KSH1VD+9qbiX14rUm65EzM/jBT1yewhN+JQBXCaBewzQYniY00wEUzfCskQC0yUTiynQ/j6Kfyf1ItWxbKvTvLV8zSNLNgFe6AAbHAGquAS1EAdEBCDB/AEno1749F4MV5noxkj3dkGP2C8fQLWG5RT</latexit>

J(Mh`
+), J(Mh`

�)
<latexit sha1_base64="3LSB2LpnUBEiAyM2U6RcMZVXn9U=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCizpkitV2V3QjglDBaqEdh0yatqGZzJBkhFKKG3/FjQsVt/6FO//G9CE+0AMXTs65l9x7/IgzpRF6txJT0zOzc8n51MLi0vJKenXtUoWxJLRKQh7Kmo8V5UzQqmaa01okKQ58Tq/87vHQv7qhUrFQXOheRN0AtwVrMYK1kbz0xmn2zOs0KOfXO7ndr8dezktnkF1ATunAgchGIxiSL6BSEUFnomTABBUv/dZohiQOqNCEY6XqDoq028dSM8LpINWIFY0w6eI2rRsqcECV2x+dMIDbRmnCVihNCQ1H6veJPg6U6gW+6Qyw7qjf3lD8y6vHulV0+0xEsaaCjD9qxRzqEA7zgE0mKdG8ZwgmkpldIelgiYk2qaVMCJ+Xwv9JNW+XbOd8P1M+mqSRBJtgC2SBAw5BGZyACqgCAm7BPXgET9ad9WA9Wy/j1oQ1mVkHP2C9fgAATJV3</latexit><latexit sha1_base64="3LSB2LpnUBEiAyM2U6RcMZVXn9U=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCizpkitV2V3QjglDBaqEdh0yatqGZzJBkhFKKG3/FjQsVt/6FO//G9CE+0AMXTs65l9x7/IgzpRF6txJT0zOzc8n51MLi0vJKenXtUoWxJLRKQh7Kmo8V5UzQqmaa01okKQ58Tq/87vHQv7qhUrFQXOheRN0AtwVrMYK1kbz0xmn2zOs0KOfXO7ndr8dezktnkF1ATunAgchGIxiSL6BSEUFnomTABBUv/dZohiQOqNCEY6XqDoq028dSM8LpINWIFY0w6eI2rRsqcECV2x+dMIDbRmnCVihNCQ1H6veJPg6U6gW+6Qyw7qjf3lD8y6vHulV0+0xEsaaCjD9qxRzqEA7zgE0mKdG8ZwgmkpldIelgiYk2qaVMCJ+Xwv9JNW+XbOd8P1M+mqSRBJtgC2SBAw5BGZyACqgCAm7BPXgET9ad9WA9Wy/j1oQ1mVkHP2C9fgAATJV3</latexit><latexit sha1_base64="3LSB2LpnUBEiAyM2U6RcMZVXn9U=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCizpkitV2V3QjglDBaqEdh0yatqGZzJBkhFKKG3/FjQsVt/6FO//G9CE+0AMXTs65l9x7/IgzpRF6txJT0zOzc8n51MLi0vJKenXtUoWxJLRKQh7Kmo8V5UzQqmaa01okKQ58Tq/87vHQv7qhUrFQXOheRN0AtwVrMYK1kbz0xmn2zOs0KOfXO7ndr8dezktnkF1ATunAgchGIxiSL6BSEUFnomTABBUv/dZohiQOqNCEY6XqDoq028dSM8LpINWIFY0w6eI2rRsqcECV2x+dMIDbRmnCVihNCQ1H6veJPg6U6gW+6Qyw7qjf3lD8y6vHulV0+0xEsaaCjD9qxRzqEA7zgE0mKdG8ZwgmkpldIelgiYk2qaVMCJ+Xwv9JNW+XbOd8P1M+mqSRBJtgC2SBAw5BGZyACqgCAm7BPXgET9ad9WA9Wy/j1oQ1mVkHP2C9fgAATJV3</latexit><latexit sha1_base64="3LSB2LpnUBEiAyM2U6RcMZVXn9U=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCizpkitV2V3QjglDBaqEdh0yatqGZzJBkhFKKG3/FjQsVt/6FO//G9CE+0AMXTs65l9x7/IgzpRF6txJT0zOzc8n51MLi0vJKenXtUoWxJLRKQh7Kmo8V5UzQqmaa01okKQ58Tq/87vHQv7qhUrFQXOheRN0AtwVrMYK1kbz0xmn2zOs0KOfXO7ndr8dezktnkF1ATunAgchGIxiSL6BSEUFnomTABBUv/dZohiQOqNCEY6XqDoq028dSM8LpINWIFY0w6eI2rRsqcECV2x+dMIDbRmnCVihNCQ1H6veJPg6U6gW+6Qyw7qjf3lD8y6vHulV0+0xEsaaCjD9qxRzqEA7zgE0mKdG8ZwgmkpldIelgiYk2qaVMCJ+Xwv9JNW+XbOd8P1M+mqSRBJtgC2SBAw5BGZyACqgCAm7BPXgET9ad9WA9Wy/j1oQ1mVkHP2C9fgAATJV3</latexit>

H1, H2(z), H3
<latexit sha1_base64="QhU48W4NpYiBmyhiFUDfSI6/FVQ=">AAAB+HicbVDLSsNAFL2pr1pfUZduBotQQUpSBXVXdNNlBWMLbQiT6aQdOnkwMynU0D9x40LFrZ/izr9x0hbR1gOXezjnXubO8RPOpLKsL6Owsrq2vlHcLG1t7+zumfsHDzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w9vcb42okCyO7tU4oW6I+xELGMFKS55pNjz7DDW8WuXxNO/nnlm2qtYU6IfYi6QMczQ987Pbi0ka0kgRjqXs2Fai3AwLxQink1I3lTTBZIj7tKNphEMq3Wx6+QSdaKWHgljoihSaqr83MhxKOQ59PRliNZCLXi7+53VSFVy5GYuSVNGIzB4KUo5UjPIYUI8JShQfa4KJYPpWRAZYYKJ0WCUdwtKXl4lTq15X7buLcv1mnkYRjuAYKmDDJdShAU1wgMAInuAFXo3MeDbejPfZaMGY7xzCHxgf31GIkQ4=</latexit><latexit sha1_base64="QhU48W4NpYiBmyhiFUDfSI6/FVQ=">AAAB+HicbVDLSsNAFL2pr1pfUZduBotQQUpSBXVXdNNlBWMLbQiT6aQdOnkwMynU0D9x40LFrZ/izr9x0hbR1gOXezjnXubO8RPOpLKsL6Owsrq2vlHcLG1t7+zumfsHDzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w9vcb42okCyO7tU4oW6I+xELGMFKS55pNjz7DDW8WuXxNO/nnlm2qtYU6IfYi6QMczQ987Pbi0ka0kgRjqXs2Fai3AwLxQink1I3lTTBZIj7tKNphEMq3Wx6+QSdaKWHgljoihSaqr83MhxKOQ59PRliNZCLXi7+53VSFVy5GYuSVNGIzB4KUo5UjPIYUI8JShQfa4KJYPpWRAZYYKJ0WCUdwtKXl4lTq15X7buLcv1mnkYRjuAYKmDDJdShAU1wgMAInuAFXo3MeDbejPfZaMGY7xzCHxgf31GIkQ4=</latexit><latexit sha1_base64="QhU48W4NpYiBmyhiFUDfSI6/FVQ=">AAAB+HicbVDLSsNAFL2pr1pfUZduBotQQUpSBXVXdNNlBWMLbQiT6aQdOnkwMynU0D9x40LFrZ/izr9x0hbR1gOXezjnXubO8RPOpLKsL6Owsrq2vlHcLG1t7+zumfsHDzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w9vcb42okCyO7tU4oW6I+xELGMFKS55pNjz7DDW8WuXxNO/nnlm2qtYU6IfYi6QMczQ987Pbi0ka0kgRjqXs2Fai3AwLxQink1I3lTTBZIj7tKNphEMq3Wx6+QSdaKWHgljoihSaqr83MhxKOQ59PRliNZCLXi7+53VSFVy5GYuSVNGIzB4KUo5UjPIYUI8JShQfa4KJYPpWRAZYYKJ0WCUdwtKXl4lTq15X7buLcv1mnkYRjuAYKmDDJdShAU1wgMAInuAFXo3MeDbejPfZaMGY7xzCHxgf31GIkQ4=</latexit><latexit sha1_base64="QhU48W4NpYiBmyhiFUDfSI6/FVQ=">AAAB+HicbVDLSsNAFL2pr1pfUZduBotQQUpSBXVXdNNlBWMLbQiT6aQdOnkwMynU0D9x40LFrZ/izr9x0hbR1gOXezjnXubO8RPOpLKsL6Owsrq2vlHcLG1t7+zumfsHDzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w9vcb42okCyO7tU4oW6I+xELGMFKS55pNjz7DDW8WuXxNO/nnlm2qtYU6IfYi6QMczQ987Pbi0ka0kgRjqXs2Fai3AwLxQink1I3lTTBZIj7tKNphEMq3Wx6+QSdaKWHgljoihSaqr83MhxKOQ59PRliNZCLXi7+53VSFVy5GYuSVNGIzB4KUo5UjPIYUI8JShQfa4KJYPpWRAZYYKJ0WCUdwtKXl4lTq15X7buLcv1mnkYRjuAYKmDDJdShAU1wgMAInuAFXo3MeDbejPfZaMGY7xzCHxgf31GIkQ4=</latexit>

• perfect scale separation with z ⇠ O(1)
<latexit sha1_base64="KPg2c182fZQ3l/w7on1zwXD0yFw=">AAAB+XicbVBNT8JAEJ3iF+JX0aOXjcQEL6Q1JuqN6MWbmFghoQ3ZLgts2G6b3a0GKz/Fiwc1Xv0n3vw3LtCDgi+Z5OW9mczMCxPOlHacb6uwtLyyulZcL21sbm3v2OXdOxWnklCPxDyWrRArypmgnmaa01YiKY5CTpvh8HLiN++pVCwWt3qU0CDCfcF6jGBtpI5dfvQVi1DmE8zR9bjqHnXsilNzpkCLxM1JBXI0OvaX341JGlGhCcdKtV0n0UGGpWaE03HJTxVNMBniPm0bKnBEVZBNTx+jQ6N0US+WpoRGU/X3RIYjpUZRaDojrAdq3puI/3ntVPfOgoyJJNVUkNmiXsqRjtEkB9RlkhLNR4ZgIpm5FZEBlphok1bJhODOv7xIvOPaec29OanUL/I0irAPB1AFF06hDlfQAA8IPMAzvMKb9WS9WO/Wx6y1YOUze/AH1ucPOTCS3Q==</latexit><latexit sha1_base64="KPg2c182fZQ3l/w7on1zwXD0yFw=">AAAB+XicbVBNT8JAEJ3iF+JX0aOXjcQEL6Q1JuqN6MWbmFghoQ3ZLgts2G6b3a0GKz/Fiwc1Xv0n3vw3LtCDgi+Z5OW9mczMCxPOlHacb6uwtLyyulZcL21sbm3v2OXdOxWnklCPxDyWrRArypmgnmaa01YiKY5CTpvh8HLiN++pVCwWt3qU0CDCfcF6jGBtpI5dfvQVi1DmE8zR9bjqHnXsilNzpkCLxM1JBXI0OvaX341JGlGhCcdKtV0n0UGGpWaE03HJTxVNMBniPm0bKnBEVZBNTx+jQ6N0US+WpoRGU/X3RIYjpUZRaDojrAdq3puI/3ntVPfOgoyJJNVUkNmiXsqRjtEkB9RlkhLNR4ZgIpm5FZEBlphok1bJhODOv7xIvOPaec29OanUL/I0irAPB1AFF06hDlfQAA8IPMAzvMKb9WS9WO/Wx6y1YOUze/AH1ucPOTCS3Q==</latexit><latexit sha1_base64="KPg2c182fZQ3l/w7on1zwXD0yFw=">AAAB+XicbVBNT8JAEJ3iF+JX0aOXjcQEL6Q1JuqN6MWbmFghoQ3ZLgts2G6b3a0GKz/Fiwc1Xv0n3vw3LtCDgi+Z5OW9mczMCxPOlHacb6uwtLyyulZcL21sbm3v2OXdOxWnklCPxDyWrRArypmgnmaa01YiKY5CTpvh8HLiN++pVCwWt3qU0CDCfcF6jGBtpI5dfvQVi1DmE8zR9bjqHnXsilNzpkCLxM1JBXI0OvaX341JGlGhCcdKtV0n0UGGpWaE03HJTxVNMBniPm0bKnBEVZBNTx+jQ6N0US+WpoRGU/X3RIYjpUZRaDojrAdq3puI/3ntVPfOgoyJJNVUkNmiXsqRjtEkB9RlkhLNR4ZgIpm5FZEBlphok1bJhODOv7xIvOPaec29OanUL/I0irAPB1AFF06hDlfQAA8IPMAzvMKb9WS9WO/Wx6y1YOUze/AH1ucPOTCS3Q==</latexit><latexit sha1_base64="KPg2c182fZQ3l/w7on1zwXD0yFw=">AAAB+XicbVBNT8JAEJ3iF+JX0aOXjcQEL6Q1JuqN6MWbmFghoQ3ZLgts2G6b3a0GKz/Fiwc1Xv0n3vw3LtCDgi+Z5OW9mczMCxPOlHacb6uwtLyyulZcL21sbm3v2OXdOxWnklCPxDyWrRArypmgnmaa01YiKY5CTpvh8HLiN++pVCwWt3qU0CDCfcF6jGBtpI5dfvQVi1DmE8zR9bjqHnXsilNzpkCLxM1JBXI0OvaX341JGlGhCcdKtV0n0UGGpWaE03HJTxVNMBniPm0bKnBEVZBNTx+jQ6N0US+WpoRGU/X3RIYjpUZRaDojrAdq3puI/3ntVPfOgoyJJNVUkNmiXsqRjtEkB9RlkhLNR4ZgIpm5FZEBlphok1bJhODOv7xIvOPaec29OanUL/I0irAPB1AFF06hDlfQAA8IPMAzvMKb9WS9WO/Wx6y1YOUze/AH1ucPOTCS3Q==</latexit>

`+ , `� ⇠ O(mb)
<latexit sha1_base64="tpzCwW8NjkK1IigLERYeNAN+CZA=">AAACCXicbZDNSsNAFIUn9a/Wv6hLN6NFqFhLIoK6K7pxZwVjC00Mk+m0HTqThJmJUELXbnwVNy5U3PoG7nwbp2kW2npg4OPce7lzTxAzKpVlfRuFufmFxaXicmlldW19w9zcupNRIjBxcMQi0QqQJIyGxFFUMdKKBUE8YKQZDC7H9eYDEZJG4a0axsTjqBfSLsVIacs3d13C2P2hW61mcORKymHqYsTg9ajC/eDAN8tWzcoEZ8HOoQxyNXzzy+1EOOEkVJghKdu2FSsvRUJRzMio5CaSxAgPUI+0NYaIE+ml2SkjuK+dDuxGQr9Qwcz9PZEiLuWQB7qTI9WX07Wx+V+tnajumZfSME4UCfFkUTdhUEVwnAvsUEGwYkMNCAuq/wpxHwmElU6vpEOwp0+eBee4dl6zb07K9Ys8jSLYAXugAmxwCurgCjSAAzB4BM/gFbwZT8aL8W58TFoLRj6zDf7I+PwBWsiY+g==</latexit><latexit sha1_base64="tpzCwW8NjkK1IigLERYeNAN+CZA=">AAACCXicbZDNSsNAFIUn9a/Wv6hLN6NFqFhLIoK6K7pxZwVjC00Mk+m0HTqThJmJUELXbnwVNy5U3PoG7nwbp2kW2npg4OPce7lzTxAzKpVlfRuFufmFxaXicmlldW19w9zcupNRIjBxcMQi0QqQJIyGxFFUMdKKBUE8YKQZDC7H9eYDEZJG4a0axsTjqBfSLsVIacs3d13C2P2hW61mcORKymHqYsTg9ajC/eDAN8tWzcoEZ8HOoQxyNXzzy+1EOOEkVJghKdu2FSsvRUJRzMio5CaSxAgPUI+0NYaIE+ml2SkjuK+dDuxGQr9Qwcz9PZEiLuWQB7qTI9WX07Wx+V+tnajumZfSME4UCfFkUTdhUEVwnAvsUEGwYkMNCAuq/wpxHwmElU6vpEOwp0+eBee4dl6zb07K9Ys8jSLYAXugAmxwCurgCjSAAzB4BM/gFbwZT8aL8W58TFoLRj6zDf7I+PwBWsiY+g==</latexit><latexit sha1_base64="tpzCwW8NjkK1IigLERYeNAN+CZA=">AAACCXicbZDNSsNAFIUn9a/Wv6hLN6NFqFhLIoK6K7pxZwVjC00Mk+m0HTqThJmJUELXbnwVNy5U3PoG7nwbp2kW2npg4OPce7lzTxAzKpVlfRuFufmFxaXicmlldW19w9zcupNRIjBxcMQi0QqQJIyGxFFUMdKKBUE8YKQZDC7H9eYDEZJG4a0axsTjqBfSLsVIacs3d13C2P2hW61mcORKymHqYsTg9ajC/eDAN8tWzcoEZ8HOoQxyNXzzy+1EOOEkVJghKdu2FSsvRUJRzMio5CaSxAgPUI+0NYaIE+ml2SkjuK+dDuxGQr9Qwcz9PZEiLuWQB7qTI9WX07Wx+V+tnajumZfSME4UCfFkUTdhUEVwnAvsUEGwYkMNCAuq/wpxHwmElU6vpEOwp0+eBee4dl6zb07K9Ys8jSLYAXugAmxwCurgCjSAAzB4BM/gFbwZT8aL8W58TFoLRj6zDf7I+PwBWsiY+g==</latexit><latexit sha1_base64="tpzCwW8NjkK1IigLERYeNAN+CZA=">AAACCXicbZDNSsNAFIUn9a/Wv6hLN6NFqFhLIoK6K7pxZwVjC00Mk+m0HTqThJmJUELXbnwVNy5U3PoG7nwbp2kW2npg4OPce7lzTxAzKpVlfRuFufmFxaXicmlldW19w9zcupNRIjBxcMQi0QqQJIyGxFFUMdKKBUE8YKQZDC7H9eYDEZJG4a0axsTjqBfSLsVIacs3d13C2P2hW61mcORKymHqYsTg9ajC/eDAN8tWzcoEZ8HOoQxyNXzzy+1EOOEkVJghKdu2FSsvRUJRzMio5CaSxAgPUI+0NYaIE+ml2SkjuK+dDuxGQr9Qwcz9PZEiLuWQB7qTI9WX07Wx+V+tnajumZfSME4UCfFkUTdhUEVwnAvsUEGwYkMNCAuq/wpxHwmElU6vpEOwp0+eBee4dl6zb07K9Ys8jSLYAXugAmxwCurgCjSAAzB4BM/gFbwZT8aL8W58TFoLRj6zDf7I+PwBWsiY+g==</latexit>

and

• factorization violated at z ⌧ 1 ,
<latexit sha1_base64="WiiuWB6l8nvrM3wzyO9dLxe6+3I=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgIYRdEdRb0IvHCK6JZJcwO5lNhszMLjOzQlzyFV48qHj1d7z5N04eQnwVNBRV3XR3RSln2rjuh1NYWFxaXimultbWNza3yts7NzrJFKE+SXiiWhHWlDNJfcMMp61UUSwiTpvR4GLsN++o0iyR12aY0lDgnmQxI9hY6fY+4Bx5QbXaKVe8mjsBcn+RL6sCMzQ65fegm5BMUGkIx1q3PTc1YY6VYYTTUSnINE0xGeAebVsqsaA6zCcHj9CBVbooTpQtadBEnZ/IsdB6KCLbKbDp65/eWPzLa2cmPg1zJtPMUEmmi+KMI5Og8feoyxQlhg8twUQxeysifawwMTaj0nwI/xP/qHZW866OK/XzWRpF2IN9OAQPTqAOl9AAHwgIeIAneHaU8+i8OK/T1oIzm9mFb3DePgHpyo9c</latexit><latexit sha1_base64="WiiuWB6l8nvrM3wzyO9dLxe6+3I=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgIYRdEdRb0IvHCK6JZJcwO5lNhszMLjOzQlzyFV48qHj1d7z5N04eQnwVNBRV3XR3RSln2rjuh1NYWFxaXimultbWNza3yts7NzrJFKE+SXiiWhHWlDNJfcMMp61UUSwiTpvR4GLsN++o0iyR12aY0lDgnmQxI9hY6fY+4Bx5QbXaKVe8mjsBcn+RL6sCMzQ65fegm5BMUGkIx1q3PTc1YY6VYYTTUSnINE0xGeAebVsqsaA6zCcHj9CBVbooTpQtadBEnZ/IsdB6KCLbKbDp65/eWPzLa2cmPg1zJtPMUEmmi+KMI5Og8feoyxQlhg8twUQxeysifawwMTaj0nwI/xP/qHZW866OK/XzWRpF2IN9OAQPTqAOl9AAHwgIeIAneHaU8+i8OK/T1oIzm9mFb3DePgHpyo9c</latexit><latexit sha1_base64="WiiuWB6l8nvrM3wzyO9dLxe6+3I=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgIYRdEdRb0IvHCK6JZJcwO5lNhszMLjOzQlzyFV48qHj1d7z5N04eQnwVNBRV3XR3RSln2rjuh1NYWFxaXimultbWNza3yts7NzrJFKE+SXiiWhHWlDNJfcMMp61UUSwiTpvR4GLsN++o0iyR12aY0lDgnmQxI9hY6fY+4Bx5QbXaKVe8mjsBcn+RL6sCMzQ65fegm5BMUGkIx1q3PTc1YY6VYYTTUSnINE0xGeAebVsqsaA6zCcHj9CBVbooTpQtadBEnZ/IsdB6KCLbKbDp65/eWPzLa2cmPg1zJtPMUEmmi+KMI5Og8feoyxQlhg8twUQxeysifawwMTaj0nwI/xP/qHZW866OK/XzWRpF2IN9OAQPTqAOl9AAHwgIeIAneHaU8+i8OK/T1oIzm9mFb3DePgHpyo9c</latexit><latexit sha1_base64="WiiuWB6l8nvrM3wzyO9dLxe6+3I=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgIYRdEdRb0IvHCK6JZJcwO5lNhszMLjOzQlzyFV48qHj1d7z5N04eQnwVNBRV3XR3RSln2rjuh1NYWFxaXimultbWNza3yts7NzrJFKE+SXiiWhHWlDNJfcMMp61UUSwiTpvR4GLsN++o0iyR12aY0lDgnmQxI9hY6fY+4Bx5QbXaKVe8mjsBcn+RL6sCMzQ65fegm5BMUGkIx1q3PTc1YY6VYYTTUSnINE0xGeAebVsqsaA6zCcHj9CBVbooTpQtadBEnZ/IsdB6KCLbKbDp65/eWPzLa2cmPg1zJtPMUEmmi+KMI5Og8feoyxQlhg8twUQxeysifawwMTaj0nwI/xP/qHZW866OK/XzWRpF2IN9OAQPTqAOl9AAHwgIeIAneHaU8+i8OK/T1oIzm9mFb3DePgHpyo9c</latexit>

`�/`+ � 1
<latexit sha1_base64="01aP8akSqtmJHyBhEjXolTex208=">AAAB+nicdVDLSsNAFJ3UV62vWJduBosgiDURQd0V3bisYGyhiWUyvUmHTh7MTMQS+ituXKi49Uvc+TdO0wr1deByD+fcy70cP+VMKsv6MEpz8wuLS+Xlysrq2vqGuVm9kUkmKDg04Ylo+0QCZzE4iikO7VQAiXwOLX9wMfZbdyAkS+JrNUzBi0gYs4BRorTUNasucH57cFi0fTcMsd01a3bdKoCtX+TLqqEpml3z3e0lNIsgVpQTKTu2lSovJ0IxymFUcTMJKaEDEkJH05hEIL28+H2Ed7XSw0EidMUKF+rsRk4iKYeRrycjovrypzcW//I6mQpOvZzFaaYgppNDQcaxSvA4CNxjAqjiQ00IFUz/immfCEKVjqsyG8L/xDmqn9Xtq+Na43yaRhltox20h2x0ghroEjWRgyi6Rw/oCT0bI+PReDFeJ6MlY7qzhb7BePsEvOeTJA==</latexit><latexit sha1_base64="01aP8akSqtmJHyBhEjXolTex208=">AAAB+nicdVDLSsNAFJ3UV62vWJduBosgiDURQd0V3bisYGyhiWUyvUmHTh7MTMQS+ituXKi49Uvc+TdO0wr1deByD+fcy70cP+VMKsv6MEpz8wuLS+Xlysrq2vqGuVm9kUkmKDg04Ylo+0QCZzE4iikO7VQAiXwOLX9wMfZbdyAkS+JrNUzBi0gYs4BRorTUNasucH57cFi0fTcMsd01a3bdKoCtX+TLqqEpml3z3e0lNIsgVpQTKTu2lSovJ0IxymFUcTMJKaEDEkJH05hEIL28+H2Ed7XSw0EidMUKF+rsRk4iKYeRrycjovrypzcW//I6mQpOvZzFaaYgppNDQcaxSvA4CNxjAqjiQ00IFUz/immfCEKVjqsyG8L/xDmqn9Xtq+Na43yaRhltox20h2x0ghroEjWRgyi6Rw/oCT0bI+PReDFeJ6MlY7qzhb7BePsEvOeTJA==</latexit><latexit sha1_base64="01aP8akSqtmJHyBhEjXolTex208=">AAAB+nicdVDLSsNAFJ3UV62vWJduBosgiDURQd0V3bisYGyhiWUyvUmHTh7MTMQS+ituXKi49Uvc+TdO0wr1deByD+fcy70cP+VMKsv6MEpz8wuLS+Xlysrq2vqGuVm9kUkmKDg04Ylo+0QCZzE4iikO7VQAiXwOLX9wMfZbdyAkS+JrNUzBi0gYs4BRorTUNasucH57cFi0fTcMsd01a3bdKoCtX+TLqqEpml3z3e0lNIsgVpQTKTu2lSovJ0IxymFUcTMJKaEDEkJH05hEIL28+H2Ed7XSw0EidMUKF+rsRk4iKYeRrycjovrypzcW//I6mQpOvZzFaaYgppNDQcaxSvA4CNxjAqjiQ00IFUz/immfCEKVjqsyG8L/xDmqn9Xtq+Na43yaRhltox20h2x0ghroEjWRgyi6Rw/oCT0bI+PReDFeJ6MlY7qzhb7BePsEvOeTJA==</latexit><latexit sha1_base64="01aP8akSqtmJHyBhEjXolTex208=">AAAB+nicdVDLSsNAFJ3UV62vWJduBosgiDURQd0V3bisYGyhiWUyvUmHTh7MTMQS+ituXKi49Uvc+TdO0wr1deByD+fcy70cP+VMKsv6MEpz8wuLS+Xlysrq2vqGuVm9kUkmKDg04Ylo+0QCZzE4iikO7VQAiXwOLX9wMfZbdyAkS+JrNUzBi0gYs4BRorTUNasucH57cFi0fTcMsd01a3bdKoCtX+TLqqEpml3z3e0lNIsgVpQTKTu2lSovJ0IxymFUcTMJKaEDEkJH05hEIL28+H2Ed7XSw0EidMUKF+rsRk4iKYeRrycjovrypzcW//I6mQpOvZzFaaYgppNDQcaxSvA4CNxjAqjiQ00IFUz/immfCEKVjqsyG8L/xDmqn9Xtq+Na43yaRhltox20h2x0ghroEjWRgyi6Rw/oCT0bI+PReDFeJ6MlY7qzhb7BePsEvOeTJA==</latexit>

`+ , `� ⇠ Mh
<latexit sha1_base64="8PuuQq6UQibXbM1tI138JA3QxWs="></latexit><latexit sha1_base64="8PuuQq6UQibXbM1tI138JA3QxWs="></latexit><latexit sha1_base64="8PuuQq6UQibXbM1tI138JA3QxWs="></latexit><latexit sha1_base64="8PuuQq6UQibXbM1tI138JA3QxWs="></latexit>

SCET-I

SCET-II

O1
<latexit sha1_base64="mtOuY3U4N4So8V4DhdzoVHDVkyY=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0VwUUIivrorunFnBWMLaQiT6aQdOnkwMxFKyE+48VfcuFBx68Kdf+M0baCKHhg4nHPuncvxE0aFNM0vrbKwuLS8Ul2tra1vbG7p2zt3Ik45JjaOWcy7PhKE0YjYkkpGugknKPQZ6fijy4nfuSdc0Di6leOEuCEaRDSgGEkleXoj6xVLHD7w3cwyzAIN0zgxreappchUya89K/f0epmAZQKWCVhadTBD29M/e/0YpyGJJGZICMcyE+lmiEuKGclrvVSQBOERGhBH0QiFRLhZcVAOD5TSh0HM1YskLNT5iQyFQoxDXyVDJIfitzcR//KcVAbnbkajJJUkwtOPgpRBGcNJRbBPOcGSjRVBmFN1K8RDxBGWqsjafAn/E/vIaBrWzXG9dTFrowr2wD44BBY4Ay1wBdrABhg8gCfwAl61R+1Ze9Pep9GKNpvZBT+gfXwD9NqadA==</latexit><latexit sha1_base64="mtOuY3U4N4So8V4DhdzoVHDVkyY=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0VwUUIivrorunFnBWMLaQiT6aQdOnkwMxFKyE+48VfcuFBx68Kdf+M0baCKHhg4nHPuncvxE0aFNM0vrbKwuLS8Ul2tra1vbG7p2zt3Ik45JjaOWcy7PhKE0YjYkkpGugknKPQZ6fijy4nfuSdc0Di6leOEuCEaRDSgGEkleXoj6xVLHD7w3cwyzAIN0zgxreappchUya89K/f0epmAZQKWCVhadTBD29M/e/0YpyGJJGZICMcyE+lmiEuKGclrvVSQBOERGhBH0QiFRLhZcVAOD5TSh0HM1YskLNT5iQyFQoxDXyVDJIfitzcR//KcVAbnbkajJJUkwtOPgpRBGcNJRbBPOcGSjRVBmFN1K8RDxBGWqsjafAn/E/vIaBrWzXG9dTFrowr2wD44BBY4Ay1wBdrABhg8gCfwAl61R+1Ze9Pep9GKNpvZBT+gfXwD9NqadA==</latexit><latexit sha1_base64="mtOuY3U4N4So8V4DhdzoVHDVkyY=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0VwUUIivrorunFnBWMLaQiT6aQdOnkwMxFKyE+48VfcuFBx68Kdf+M0baCKHhg4nHPuncvxE0aFNM0vrbKwuLS8Ul2tra1vbG7p2zt3Ik45JjaOWcy7PhKE0YjYkkpGugknKPQZ6fijy4nfuSdc0Di6leOEuCEaRDSgGEkleXoj6xVLHD7w3cwyzAIN0zgxreappchUya89K/f0epmAZQKWCVhadTBD29M/e/0YpyGJJGZICMcyE+lmiEuKGclrvVSQBOERGhBH0QiFRLhZcVAOD5TSh0HM1YskLNT5iQyFQoxDXyVDJIfitzcR//KcVAbnbkajJJUkwtOPgpRBGcNJRbBPOcGSjRVBmFN1K8RDxBGWqsjafAn/E/vIaBrWzXG9dTFrowr2wD44BBY4Ay1wBdrABhg8gCfwAl61R+1Ze9Pep9GKNpvZBT+gfXwD9NqadA==</latexit><latexit sha1_base64="mtOuY3U4N4So8V4DhdzoVHDVkyY=">AAACFHicdVDLSsNAFJ3UV62vqEs3g0VwUUIivrorunFnBWMLaQiT6aQdOnkwMxFKyE+48VfcuFBx68Kdf+M0baCKHhg4nHPuncvxE0aFNM0vrbKwuLS8Ul2tra1vbG7p2zt3Ik45JjaOWcy7PhKE0YjYkkpGugknKPQZ6fijy4nfuSdc0Di6leOEuCEaRDSgGEkleXoj6xVLHD7w3cwyzAIN0zgxreappchUya89K/f0epmAZQKWCVhadTBD29M/e/0YpyGJJGZICMcyE+lmiEuKGclrvVSQBOERGhBH0QiFRLhZcVAOD5TSh0HM1YskLNT5iQyFQoxDXyVDJIfitzcR//KcVAbnbkajJJUkwtOPgpRBGcNJRbBPOcGSjRVBmFN1K8RDxBGWqsjafAn/E/vIaBrWzXG9dTFrowr2wD44BBY4Ay1wBdrABhg8gCfwAl61R+1Ze9Pep9GKNpvZBT+gfXwD9NqadA==</latexit>

Factorization at Bare Level

H1 ·
h

h

h

H3 ·
hc

s

hc

S

J J

c h

c

H2(z)⊗
z

c c
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• each ingredient is well defined with dimensional regulator

• all the divergences cancel, but highly non-trivial !!!

• divergent convolution gives     and     poles 1

⌘
<latexit sha1_base64="sVfWiQw0dX0m8IYFmO7PgGDa4Rg=">AAAB9HicdZBLS8NAFIVv6qvWV9Wlm2ARXJVEBHVXdOOygrGFJpbJ9KYdOpmEmYlSQv6HGxcqbv0x7vw3Th9CfR0YOJxzL3P5wpQzpR3nwyotLC4tr5RXK2vrG5tb1e2dG5VkkqJHE57IdkgUcibQ00xzbKcSSRxybIXDi3HfukOpWCKu9SjFICZ9wSJGiTbRrR9JQnO3yH3UpOhWa27dmch2fpmvqgYzNbvVd7+X0CxGoSknSnVcJ9VBTqRmlGNR8TOFKaFD0seOsYLEqIJ8cnVhH5ikZ0eJNE9oe5LOb+QkVmoUh2YyJnqgfnbj8K+uk+noNMiZSDONgk4/ijJu68QeI7B7TCLVfGQMoZKZW206IAaENqAq8xD+N95R/azuXh3XGuczGmXYg304BBdOoAGX0AQPKEh4gCd4tu6tR+vFep2OlqzZzi58k/X2CT0Hkoo=</latexit><latexit sha1_base64="sVfWiQw0dX0m8IYFmO7PgGDa4Rg=">AAAB9HicdZBLS8NAFIVv6qvWV9Wlm2ARXJVEBHVXdOOygrGFJpbJ9KYdOpmEmYlSQv6HGxcqbv0x7vw3Th9CfR0YOJxzL3P5wpQzpR3nwyotLC4tr5RXK2vrG5tb1e2dG5VkkqJHE57IdkgUcibQ00xzbKcSSRxybIXDi3HfukOpWCKu9SjFICZ9wSJGiTbRrR9JQnO3yH3UpOhWa27dmch2fpmvqgYzNbvVd7+X0CxGoSknSnVcJ9VBTqRmlGNR8TOFKaFD0seOsYLEqIJ8cnVhH5ikZ0eJNE9oe5LOb+QkVmoUh2YyJnqgfnbj8K+uk+noNMiZSDONgk4/ijJu68QeI7B7TCLVfGQMoZKZW206IAaENqAq8xD+N95R/azuXh3XGuczGmXYg304BBdOoAGX0AQPKEh4gCd4tu6tR+vFep2OlqzZzi58k/X2CT0Hkoo=</latexit><latexit sha1_base64="sVfWiQw0dX0m8IYFmO7PgGDa4Rg=">AAAB9HicdZBLS8NAFIVv6qvWV9Wlm2ARXJVEBHVXdOOygrGFJpbJ9KYdOpmEmYlSQv6HGxcqbv0x7vw3Th9CfR0YOJxzL3P5wpQzpR3nwyotLC4tr5RXK2vrG5tb1e2dG5VkkqJHE57IdkgUcibQ00xzbKcSSRxybIXDi3HfukOpWCKu9SjFICZ9wSJGiTbRrR9JQnO3yH3UpOhWa27dmch2fpmvqgYzNbvVd7+X0CxGoSknSnVcJ9VBTqRmlGNR8TOFKaFD0seOsYLEqIJ8cnVhH5ikZ0eJNE9oe5LOb+QkVmoUh2YyJnqgfnbj8K+uk+noNMiZSDONgk4/ijJu68QeI7B7TCLVfGQMoZKZW206IAaENqAq8xD+N95R/azuXh3XGuczGmXYg304BBdOoAGX0AQPKEh4gCd4tu6tR+vFep2OlqzZzi58k/X2CT0Hkoo=</latexit><latexit sha1_base64="sVfWiQw0dX0m8IYFmO7PgGDa4Rg=">AAAB9HicdZBLS8NAFIVv6qvWV9Wlm2ARXJVEBHVXdOOygrGFJpbJ9KYdOpmEmYlSQv6HGxcqbv0x7vw3Th9CfR0YOJxzL3P5wpQzpR3nwyotLC4tr5RXK2vrG5tb1e2dG5VkkqJHE57IdkgUcibQ00xzbKcSSRxybIXDi3HfukOpWCKu9SjFICZ9wSJGiTbRrR9JQnO3yH3UpOhWa27dmch2fpmvqgYzNbvVd7+X0CxGoSknSnVcJ9VBTqRmlGNR8TOFKaFD0seOsYLEqIJ8cnVhH5ikZ0eJNE9oe5LOb+QkVmoUh2YyJnqgfnbj8K+uk+noNMiZSDONgk4/ijJu68QeI7B7TCLVfGQMoZKZW206IAaENqAq8xD+N95R/azuXh3XGuczGmXYg304BBdOoAGX0AQPKEh4gCd4tu6tR+vFep2OlqzZzi58k/X2CT0Hkoo=</latexit>

1

✏
<latexit sha1_base64="4VA3IrBu7MlYRuQDvR7Zmn8pEio=">AAAB+nicdZBLSwMxFIXv1Fetr7Eu3QSL4KrMiKDuim5cVnBsoR1KJs20oZlkSDJiGeavuHGh4tZf4s5/Y/oQ6utA4HDOveTyRSln2njeh1NaWl5ZXSuvVzY2t7Z33N3qrZaZIjQgkkvVjrCmnAkaGGY4baeK4iTitBWNLid9644qzaS4MeOUhgkeCBYzgo2Nem61GytMcr/IuzTVjEtR9NyaX/emQt4v81XVYK5mz33v9iXJEioM4Vjrju+lJsyxMoxwWlS6maYpJiM8oB1rBU6oDvPp7QU6tEkfxVLZJwyaposbOU60HieRnUywGeqf3ST8q+tkJj4LcybSzFBBZh/FGUdGogkI1GeKEsPH1mCimL0VkSG2MIzFVVmE8L8Jjuvndf/6pNa4mNMowz4cwBH4cAoNuIImBEDgHh7gCZ6dwnl0XpzX2WjJme/swTc5b58HtJSj</latexit><latexit sha1_base64="4VA3IrBu7MlYRuQDvR7Zmn8pEio=">AAAB+nicdZBLSwMxFIXv1Fetr7Eu3QSL4KrMiKDuim5cVnBsoR1KJs20oZlkSDJiGeavuHGh4tZf4s5/Y/oQ6utA4HDOveTyRSln2njeh1NaWl5ZXSuvVzY2t7Z33N3qrZaZIjQgkkvVjrCmnAkaGGY4baeK4iTitBWNLid9644qzaS4MeOUhgkeCBYzgo2Nem61GytMcr/IuzTVjEtR9NyaX/emQt4v81XVYK5mz33v9iXJEioM4Vjrju+lJsyxMoxwWlS6maYpJiM8oB1rBU6oDvPp7QU6tEkfxVLZJwyaposbOU60HieRnUywGeqf3ST8q+tkJj4LcybSzFBBZh/FGUdGogkI1GeKEsPH1mCimL0VkSG2MIzFVVmE8L8Jjuvndf/6pNa4mNMowz4cwBH4cAoNuIImBEDgHh7gCZ6dwnl0XpzX2WjJme/swTc5b58HtJSj</latexit><latexit sha1_base64="4VA3IrBu7MlYRuQDvR7Zmn8pEio=">AAAB+nicdZBLSwMxFIXv1Fetr7Eu3QSL4KrMiKDuim5cVnBsoR1KJs20oZlkSDJiGeavuHGh4tZf4s5/Y/oQ6utA4HDOveTyRSln2njeh1NaWl5ZXSuvVzY2t7Z33N3qrZaZIjQgkkvVjrCmnAkaGGY4baeK4iTitBWNLid9644qzaS4MeOUhgkeCBYzgo2Nem61GytMcr/IuzTVjEtR9NyaX/emQt4v81XVYK5mz33v9iXJEioM4Vjrju+lJsyxMoxwWlS6maYpJiM8oB1rBU6oDvPp7QU6tEkfxVLZJwyaposbOU60HieRnUywGeqf3ST8q+tkJj4LcybSzFBBZh/FGUdGogkI1GeKEsPH1mCimL0VkSG2MIzFVVmE8L8Jjuvndf/6pNa4mNMowz4cwBH4cAoNuIImBEDgHh7gCZ6dwnl0XpzX2WjJme/swTc5b58HtJSj</latexit><latexit sha1_base64="4VA3IrBu7MlYRuQDvR7Zmn8pEio=">AAAB+nicdZBLSwMxFIXv1Fetr7Eu3QSL4KrMiKDuim5cVnBsoR1KJs20oZlkSDJiGeavuHGh4tZf4s5/Y/oQ6utA4HDOveTyRSln2njeh1NaWl5ZXSuvVzY2t7Z33N3qrZaZIjQgkkvVjrCmnAkaGGY4baeK4iTitBWNLid9644qzaS4MeOUhgkeCBYzgo2Nem61GytMcr/IuzTVjEtR9NyaX/emQt4v81XVYK5mz33v9iXJEioM4Vjrju+lJsyxMoxwWlS6maYpJiM8oB1rBU6oDvPp7QU6tEkfxVLZJwyaposbOU60HieRnUywGeqf3ST8q+tkJj4LcybSzFBBZh/FGUdGogkI1GeKEsPH1mCimL0VkSG2MIzFVVmE8L8Jjuvndf/6pNa4mNMowz4cwBH4cAoNuIImBEDgHh7gCZ6dwnl0XpzX2WjJme/swTc5b58HtJSj</latexit>

• regulator is friendly for higher order calculations

M(h ! ��) =H1O1 + 4

Z 1

0
dz

✓
�zM2

h

⌫2

◆⌘

H2(z)O2(z)

+ 2H3

Z 1

0

d`�
`�

Z `�

0

d`+
`+

✓
�Mh`�

⌫2

◆⌘

J(Mh`+)J(�Mh`�)S(`+`�,m
2
b)

+ (`+ $ `�)
<latexit sha1_base64="uXf1DseuJt6HUd9r0YNbrgLYe9Q="></latexit><latexit sha1_base64="uXf1DseuJt6HUd9r0YNbrgLYe9Q="></latexit><latexit sha1_base64="uXf1DseuJt6HUd9r0YNbrgLYe9Q="></latexit><latexit sha1_base64="uXf1DseuJt6HUd9r0YNbrgLYe9Q="></latexit>

Factorization at Bare Level
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h��|O1|hi =
mb

e2b

h��|h(0)A?µ
n1

(0)A?
n2,µ(0)|hi

<latexit sha1_base64="Rth4sfm4O4PoasZFwsFUqZmF5d0="></latexit><latexit sha1_base64="Rth4sfm4O4PoasZFwsFUqZmF5d0="></latexit><latexit sha1_base64="Rth4sfm4O4PoasZFwsFUqZmF5d0="></latexit><latexit sha1_base64="Rth4sfm4O4PoasZFwsFUqZmF5d0="></latexit>

z
lim
z!0

O2(z) =
1

✏
� Lm +

CF↵s

4⇡

✓
m

2
b

µ2

◆�✏

⇥
⇢

1

✏2
(ln z + 3) +

1

✏

✓
ln2 z

2
� 1

2
� ⇡

2

6

◆
+

ln3 z

6
+

✓
⇡
2

6
� 1

2

◆
ln z +

⇡
2

6
� 2⇣3 + 3

�

<latexit sha1_base64="+xpV1Dxvg6ZM2omcbSMwKd16qIM="></latexit><latexit sha1_base64="+xpV1Dxvg6ZM2omcbSMwKd16qIM="></latexit><latexit sha1_base64="+xpV1Dxvg6ZM2omcbSMwKd16qIM="></latexit><latexit sha1_base64="+xpV1Dxvg6ZM2omcbSMwKd16qIM="></latexit>

non-vanish at z=0, factorization violated

h��|O2(z)|hi = h��|h(0)
h
X̄n1(0) �

µ
?

/̄n1

2
�(zMh + in̄1 · @)Xn1(0)

i
A?

n2,µ(0)|hi
<latexit sha1_base64="AkOrYIo49tn0NGI46iAI1Phh8h8="></latexit><latexit sha1_base64="AkOrYIo49tn0NGI46iAI1Phh8h8="></latexit><latexit sha1_base64="AkOrYIo49tn0NGI46iAI1Phh8h8="></latexit><latexit sha1_base64="AkOrYIo49tn0NGI46iAI1Phh8h8="></latexit>

hc

s

hc h��|O3|hi = h��|T
n
h(0) X̄n1(0)Xn2(0), i

Z
d
D
xL(1/2)

q ⇠n1
(x), i

Z
d
D
yL(1/2)

⇠n2q
(y)

o
|hi

<latexit sha1_base64="HbKYqEpKj5fIG4qRgmjOFkqqBLM="></latexit><latexit sha1_base64="HbKYqEpKj5fIG4qRgmjOFkqqBLM="></latexit><latexit sha1_base64="HbKYqEpKj5fIG4qRgmjOFkqqBLM="></latexit><latexit sha1_base64="HbKYqEpKj5fIG4qRgmjOFkqqBLM="></latexit>

coupling of soft quark to 

hard-collinear fields

L(1/2)
q ⇠n1

(x) = q̄s(x�)
⇥
/A?
n1
(x) + /G?

n1
(x)

⇤
Xn1(x)
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Matrix Elements
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<latexit sha1_base64="rVmYlB0yGvrnAcmTwns5PjaAPzo="></latexit><latexit sha1_base64="rVmYlB0yGvrnAcmTwns5PjaAPzo="></latexit><latexit sha1_base64="rVmYlB0yGvrnAcmTwns5PjaAPzo="></latexit><latexit sha1_base64="rVmYlB0yGvrnAcmTwns5PjaAPzo="></latexit>

decouple with  
soft mode

collinear & soft Wilson line

O3 = h(0)

Z
d
D
x

Z
d
D
y T

n⇥�
/A?
n1
(x) + /G?

n1
(x)

�
Xn1(x)

⇤↵i
X̄�j
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(0)

o
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n
X�k
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⇥
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�
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n2
(y)

�⇤�lo

⇥ T
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hard-col. quark field

hard-collinear sector hard-anti-collinear sector

soft sector

h��|O3|hi = h��|T
n
h(0) X̄n1(0)Xn2(0), i

Z
d
D
xL(1/2)

q ⇠n1
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d
D
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(y)

o
|hi
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Factorization of O3 at Operator Level
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Renormalization: J(p2, µ) =

Z 1

0
dxZJ(p

2, xp2;µ) J (0)(xp2)
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ZJ(p
2, xp2;µ) =


1 +

CF↵s

4⇡

✓
�

2

✏2
+

2

✏
ln

�p2

µ2

◆�
�(1� x) +

CF↵s

2⇡✏
�(1, x) +O(↵2

s)
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�(y, x) =


✓(y � x)

y(y � x)
+

✓(x� y)

x(x� y)

�

+
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B� ! �`�⌫̄
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First obtained in Bosch, Hill, Lange, Neubert, ’03

reach endpoint region

Non-local Local 

light-like

h�(k1)|T
⇥�

/A?
n1
(x) + /G?

n1
(x)

�
Xn1(x)

⇤
X̄n1(r) |0i ⇠

Z
dDp

(2⇡)D
in̄1 · p
p2 + i0

J
�
p2, (p� k1)

2
�
e�ip·(x�r)+ik1·x

<latexit sha1_base64="hjOYoIp5xGXQaKIuRCA7IdEm7gY="></latexit><latexit sha1_base64="hjOYoIp5xGXQaKIuRCA7IdEm7gY="></latexit><latexit sha1_base64="hjOYoIp5xGXQaKIuRCA7IdEm7gY="></latexit><latexit sha1_base64="hjOYoIp5xGXQaKIuRCA7IdEm7gY="></latexit>

Radiative Jet Function

with Lange-Neubert Kernel
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S(`+`�) =
1

2⇡i

h
S(`+`� + i0)� S(`+`� � i0)

⇤
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!−

S(!+!−) for !+ < 0

S(!+!−) for !+ > 0

J(−n̄2 · k2 !−)

S(`+`�) ⇠ mb

h
Sa(`+`�) ✓(`+`� �m2

b) + Sb(`+`�) ✓(m
2
b � `+`�)

i
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dD�2`?
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S1(`)
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e✏�E

Z
dr1 e
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Z
dr2 e

�ir2`+

⇥ µ2✏ h0|T Tr P̄n̄ Sn̄(0, r1n̄) qs(r1n̄) q̄s(r2n)Sn(r2n, 0)Pn |0i
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Soft-Quark Soft Function

Talk by Xing
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because of endpoint divergences, the poles in     and      

are higher than the poles in  H2(z) , O2(z) , J(p

2) , S(`+`�)
<latexit sha1_base64="YLsTMcWjpi87/H/oBOiXS8WUER0="></latexit><latexit sha1_base64="YLsTMcWjpi87/H/oBOiXS8WUER0="></latexit><latexit sha1_base64="YLsTMcWjpi87/H/oBOiXS8WUER0="></latexit><latexit sha1_base64="YLsTMcWjpi87/H/oBOiXS8WUER0="></latexit>

T2
<latexit sha1_base64="/4Vo74c1LdP+34i0NDBC7iGET+U="></latexit><latexit sha1_base64="/4Vo74c1LdP+34i0NDBC7iGET+U="></latexit><latexit sha1_base64="/4Vo74c1LdP+34i0NDBC7iGET+U="></latexit><latexit sha1_base64="/4Vo74c1LdP+34i0NDBC7iGET+U="></latexit>

T3
<latexit sha1_base64="EZ7VhChHhUdzaN5BzrOKSbp6Dhg="></latexit><latexit sha1_base64="EZ7VhChHhUdzaN5BzrOKSbp6Dhg="></latexit><latexit sha1_base64="EZ7VhChHhUdzaN5BzrOKSbp6Dhg="></latexit><latexit sha1_base64="EZ7VhChHhUdzaN5BzrOKSbp6Dhg="></latexit>

NLO amplitude is perfectly reproduced up to constant terms 
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14

Reproduce NLO amplitude
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LO

NLO

NNLO

lim
z!0

O2(z)
<latexit sha1_base64="/4DK1IwC13Ud45YQxoZ/UPLS/K0=">AAACJXicbVBJS8NAGJ3UrdYt6tHLYBEqSEmKWw9C0Ys3K1hbSEKYTKft0MnCzERoQ36NF/+KFw9VBE/+FadpC9r6YODx3rfN8yJGhTSMLy23tLyyupZfL2xsbm3v6Lt7jyKMOSYNHLKQtzwkCKMBaUgqGWlFnCDfY6Tp9W/GfvOJcEHD4EEOIuL4qBvQDsVIKsnVr2xGfTcZ2jKERprY2USLdz0nMctGhhOjfGaY1XNTkYmSwju3Uhoep65enGlwkcwGFMEUdVcf2e0Qxz4JJGZICMs0IukkiEuKGUkLdixIhHAfdYmlaIB8IpwkOyqFR0ppw07I1QskzNTfHQnyhRj4nqr0keyJeW8s/udZsexcOgkNoliSAE8WdWIGVSbjzGCbcoIlGyiCMKfqVoh7iCMsVbIFFYI5/+VF0qiUq2Xz/rRYu56mkQcH4BCUgAkuQA3cgjpoAAyewSsYgXftRXvTPrTPSWlOm/bsgz/Qvn8AgFGg8Q==</latexit><latexit sha1_base64="/4DK1IwC13Ud45YQxoZ/UPLS/K0=">AAACJXicbVBJS8NAGJ3UrdYt6tHLYBEqSEmKWw9C0Ys3K1hbSEKYTKft0MnCzERoQ36NF/+KFw9VBE/+FadpC9r6YODx3rfN8yJGhTSMLy23tLyyupZfL2xsbm3v6Lt7jyKMOSYNHLKQtzwkCKMBaUgqGWlFnCDfY6Tp9W/GfvOJcEHD4EEOIuL4qBvQDsVIKsnVr2xGfTcZ2jKERprY2USLdz0nMctGhhOjfGaY1XNTkYmSwju3Uhoep65enGlwkcwGFMEUdVcf2e0Qxz4JJGZICMs0IukkiEuKGUkLdixIhHAfdYmlaIB8IpwkOyqFR0ppw07I1QskzNTfHQnyhRj4nqr0keyJeW8s/udZsexcOgkNoliSAE8WdWIGVSbjzGCbcoIlGyiCMKfqVoh7iCMsVbIFFYI5/+VF0qiUq2Xz/rRYu56mkQcH4BCUgAkuQA3cgjpoAAyewSsYgXftRXvTPrTPSWlOm/bsgz/Qvn8AgFGg8Q==</latexit><latexit sha1_base64="/4DK1IwC13Ud45YQxoZ/UPLS/K0=">AAACJXicbVBJS8NAGJ3UrdYt6tHLYBEqSEmKWw9C0Ys3K1hbSEKYTKft0MnCzERoQ36NF/+KFw9VBE/+FadpC9r6YODx3rfN8yJGhTSMLy23tLyyupZfL2xsbm3v6Lt7jyKMOSYNHLKQtzwkCKMBaUgqGWlFnCDfY6Tp9W/GfvOJcEHD4EEOIuL4qBvQDsVIKsnVr2xGfTcZ2jKERprY2USLdz0nMctGhhOjfGaY1XNTkYmSwju3Uhoep65enGlwkcwGFMEUdVcf2e0Qxz4JJGZICMs0IukkiEuKGUkLdixIhHAfdYmlaIB8IpwkOyqFR0ppw07I1QskzNTfHQnyhRj4nqr0keyJeW8s/udZsexcOgkNoliSAE8WdWIGVSbjzGCbcoIlGyiCMKfqVoh7iCMsVbIFFYI5/+VF0qiUq2Xz/rRYu56mkQcH4BCUgAkuQA3cgjpoAAyewSsYgXftRXvTPrTPSWlOm/bsgz/Qvn8AgFGg8Q==</latexit><latexit sha1_base64="/4DK1IwC13Ud45YQxoZ/UPLS/K0=">AAACJXicbVBJS8NAGJ3UrdYt6tHLYBEqSEmKWw9C0Ys3K1hbSEKYTKft0MnCzERoQ36NF/+KFw9VBE/+FadpC9r6YODx3rfN8yJGhTSMLy23tLyyupZfL2xsbm3v6Lt7jyKMOSYNHLKQtzwkCKMBaUgqGWlFnCDfY6Tp9W/GfvOJcEHD4EEOIuL4qBvQDsVIKsnVr2xGfTcZ2jKERprY2USLdz0nMctGhhOjfGaY1XNTkYmSwju3Uhoep65enGlwkcwGFMEUdVcf2e0Qxz4JJGZICMs0IukkiEuKGUkLdixIhHAfdYmlaIB8IpwkOyqFR0ppw07I1QskzNTfHQnyhRj4nqr0keyJeW8s/udZsexcOgkNoliSAE8WdWIGVSbjzGCbcoIlGyiCMKfqVoh7iCMsVbIFFYI5/+VF0qiUq2Xz/rRYu56mkQcH4BCUgAkuQA3cgjpoAAyewSsYgXftRXvTPrTPSWlOm/bsgz/Qvn8AgFGg8Q==</latexit>

1

z
<latexit sha1_base64="HXmElIEGx03ATFADYM2mcIVa0bs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttKJvtpl262YTdiVBDfoYXDype/Tfe/DduPxBtfTDweG+GmXlhKoVB1/1ylpZXVtfWSxvlza3tnd3K3v69STLNuM8SmehWSA2XQnEfBUreSjWncSh5Mxxej/3mA9dGJOoORykPYtpXIhKMopXanUhTlntF/lh0K1W35k5Afog3T6owQ6Nb+ez0EpbFXCGT1Ji256YY5FSjYJIX5U5meErZkPZ521JFY26CfHJyQY6t0iNRom0pJBP190ROY2NGcWg7Y4oDM++Nxf+8dobRRZALlWbIFZsuijJJMCHj/0lPaM5QjiyhTAt7K2EDalNAm1LZhrDw8iLxT2uXNe/2rFq/mqVRgkM4ghPw4BzqcAMN8IFBAk/wAq8OOs/Om/M+bV1yZjMH8AfOxzcSVpFQ</latexit><latexit sha1_base64="HXmElIEGx03ATFADYM2mcIVa0bs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttKJvtpl262YTdiVBDfoYXDype/Tfe/DduPxBtfTDweG+GmXlhKoVB1/1ylpZXVtfWSxvlza3tnd3K3v69STLNuM8SmehWSA2XQnEfBUreSjWncSh5Mxxej/3mA9dGJOoORykPYtpXIhKMopXanUhTlntF/lh0K1W35k5Afog3T6owQ6Nb+ez0EpbFXCGT1Ji256YY5FSjYJIX5U5meErZkPZ521JFY26CfHJyQY6t0iNRom0pJBP190ROY2NGcWg7Y4oDM++Nxf+8dobRRZALlWbIFZsuijJJMCHj/0lPaM5QjiyhTAt7K2EDalNAm1LZhrDw8iLxT2uXNe/2rFq/mqVRgkM4ghPw4BzqcAMN8IFBAk/wAq8OOs/Om/M+bV1yZjMH8AfOxzcSVpFQ</latexit><latexit sha1_base64="HXmElIEGx03ATFADYM2mcIVa0bs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttKJvtpl262YTdiVBDfoYXDype/Tfe/DduPxBtfTDweG+GmXlhKoVB1/1ylpZXVtfWSxvlza3tnd3K3v69STLNuM8SmehWSA2XQnEfBUreSjWncSh5Mxxej/3mA9dGJOoORykPYtpXIhKMopXanUhTlntF/lh0K1W35k5Afog3T6owQ6Nb+ez0EpbFXCGT1Ji256YY5FSjYJIX5U5meErZkPZ521JFY26CfHJyQY6t0iNRom0pJBP190ROY2NGcWg7Y4oDM++Nxf+8dobRRZALlWbIFZsuijJJMCHj/0lPaM5QjiyhTAt7K2EDalNAm1LZhrDw8iLxT2uXNe/2rFq/mqVRgkM4ghPw4BzqcAMN8IFBAk/wAq8OOs/Om/M+bV1yZjMH8AfOxzcSVpFQ</latexit><latexit sha1_base64="HXmElIEGx03ATFADYM2mcIVa0bs=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMFYwttKJvtpl262YTdiVBDfoYXDype/Tfe/DduPxBtfTDweG+GmXlhKoVB1/1ylpZXVtfWSxvlza3tnd3K3v69STLNuM8SmehWSA2XQnEfBUreSjWncSh5Mxxej/3mA9dGJOoORykPYtpXIhKMopXanUhTlntF/lh0K1W35k5Afog3T6owQ6Nb+ez0EpbFXCGT1Ji256YY5FSjYJIX5U5meErZkPZ521JFY26CfHJyQY6t0iNRom0pJBP190ROY2NGcWg7Y4oDM++Nxf+8dobRRZALlWbIFZsuijJJMCHj/0lPaM5QjiyhTAt7K2EDalNAm1LZhrDw8iLxT2uXNe/2rFq/mqVRgkM4ghPw4BzqcAMN8IFBAk/wAq8OOs/Om/M+bV1yZjMH8AfOxzcSVpFQ</latexit>

c0
z

+
c1

z1+✏
<latexit sha1_base64="ZcOBlw1Fzg9PY3V7K5Na4mxcN5s=">AAACEHicbVDLSgMxFM3UV62vUZdugkUoFMqMCOqu6MZlBccWOnXIpJk2NJMMSUaow/yCG3/FjQsVty7d+TemD0VbDwTOPedebu4JE0aVdpxPq7CwuLS8Ulwtra1vbG7Z2zvXSqQSEw8LJmQrRIowyomnqWaklUiC4pCRZjg4H/nNWyIVFfxKDxPSiVGP04hipI0U2BU/kghnOHDy7C6vfleuqW4yt+qTRFEmeJ4HdtmpOWPAH+LOkjKYohHYH35X4DQmXGOGlGq7TqI7GZKaYkbykp8qkiA8QD3SNpSjmKhONr4ohwdG6cJISPO4hmP190SGYqWGcWg6Y6T7atYbif957VRHJ52M8iTVhOPJoihlUAs4igd2qSRYs6EhCEtq/gpxH5lQtAmxZEKYO3meeIe105p7eVSun03TKII9sA8qwAXHoA4uQAN4AIN78AiewYv1YD1Zr9bbpLVgTWd2wR9Y71/suJ3s</latexit><latexit sha1_base64="ZcOBlw1Fzg9PY3V7K5Na4mxcN5s=">AAACEHicbVDLSgMxFM3UV62vUZdugkUoFMqMCOqu6MZlBccWOnXIpJk2NJMMSUaow/yCG3/FjQsVty7d+TemD0VbDwTOPedebu4JE0aVdpxPq7CwuLS8Ulwtra1vbG7Z2zvXSqQSEw8LJmQrRIowyomnqWaklUiC4pCRZjg4H/nNWyIVFfxKDxPSiVGP04hipI0U2BU/kghnOHDy7C6vfleuqW4yt+qTRFEmeJ4HdtmpOWPAH+LOkjKYohHYH35X4DQmXGOGlGq7TqI7GZKaYkbykp8qkiA8QD3SNpSjmKhONr4ohwdG6cJISPO4hmP190SGYqWGcWg6Y6T7atYbif957VRHJ52M8iTVhOPJoihlUAs4igd2qSRYs6EhCEtq/gpxH5lQtAmxZEKYO3meeIe105p7eVSun03TKII9sA8qwAXHoA4uQAN4AIN78AiewYv1YD1Zr9bbpLVgTWd2wR9Y71/suJ3s</latexit><latexit sha1_base64="ZcOBlw1Fzg9PY3V7K5Na4mxcN5s=">AAACEHicbVDLSgMxFM3UV62vUZdugkUoFMqMCOqu6MZlBccWOnXIpJk2NJMMSUaow/yCG3/FjQsVty7d+TemD0VbDwTOPedebu4JE0aVdpxPq7CwuLS8Ulwtra1vbG7Z2zvXSqQSEw8LJmQrRIowyomnqWaklUiC4pCRZjg4H/nNWyIVFfxKDxPSiVGP04hipI0U2BU/kghnOHDy7C6vfleuqW4yt+qTRFEmeJ4HdtmpOWPAH+LOkjKYohHYH35X4DQmXGOGlGq7TqI7GZKaYkbykp8qkiA8QD3SNpSjmKhONr4ohwdG6cJISPO4hmP190SGYqWGcWg6Y6T7atYbif957VRHJ52M8iTVhOPJoihlUAs4igd2qSRYs6EhCEtq/gpxH5lQtAmxZEKYO3meeIe105p7eVSun03TKII9sA8qwAXHoA4uQAN4AIN78AiewYv1YD1Zr9bbpLVgTWd2wR9Y71/suJ3s</latexit><latexit sha1_base64="ZcOBlw1Fzg9PY3V7K5Na4mxcN5s=">AAACEHicbVDLSgMxFM3UV62vUZdugkUoFMqMCOqu6MZlBccWOnXIpJk2NJMMSUaow/yCG3/FjQsVty7d+TemD0VbDwTOPedebu4JE0aVdpxPq7CwuLS8Ulwtra1vbG7Z2zvXSqQSEw8LJmQrRIowyomnqWaklUiC4pCRZjg4H/nNWyIVFfxKDxPSiVGP04hipI0U2BU/kghnOHDy7C6vfleuqW4yt+qTRFEmeJ4HdtmpOWPAH+LOkjKYohHYH35X4DQmXGOGlGq7TqI7GZKaYkbykp8qkiA8QD3SNpSjmKhONr4ohwdG6cJISPO4hmP190SGYqWGcWg6Y6T7atYbif957VRHJ52M8iTVhOPJoihlUAs4igd2qSRYs6EhCEtq/gpxH5lQtAmxZEKYO3meeIe105p7eVSun03TKII9sA8qwAXHoA4uQAN4AIN78AiewYv1YD1Zr9bbpLVgTWd2wR9Y71/suJ3s</latexit>

c00
z

+
c01

z1+✏
+

c02
z1+2✏

<latexit sha1_base64="gGg5XxGDaXVPwwJI8QlzOX9fjkg=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSIKhZIUQd0VXeiygrGFJobJdNIOnUzCzESoIZ/kxk/RjYKKW//CaRtqbT0wcO4593LnHj+mREjTfNMKC4tLyyvF1dLa+sbmlr69cyuihCNso4hGvOVDgSlh2JZEUtyKOYahT3HT718M/eY95oJE7EYOYuyGsMtIQBCUSvL0SyfgEKXo0DOz9CGrTEpLlXepVXFwLAiNWDbl1XKv9mt6etmsmiMYE2LNkjLI0fD0Z6cToSTETCIKhWhbZizdFHJJEMVZyUkEjiHqwy5uK8pgiIWbjg7OjAOldIwg4uoxaYzU6YkUhkIMQl91hlD2xKw3FP/z2okMTt2UsDiRmKHxoiChhoyMYXpGh3CMJB0oAhEn6q8G6kEVi1QZl1QIcyfPE7tWPata18fl+nmeRhHsgX1wBCxwAurgCjSADRB4BC/gHXxoT9qr9ql9jVsLWj6zC/5A+/4B2VuqUg==</latexit><latexit sha1_base64="gGg5XxGDaXVPwwJI8QlzOX9fjkg=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSIKhZIUQd0VXeiygrGFJobJdNIOnUzCzESoIZ/kxk/RjYKKW//CaRtqbT0wcO4593LnHj+mREjTfNMKC4tLyyvF1dLa+sbmlr69cyuihCNso4hGvOVDgSlh2JZEUtyKOYahT3HT718M/eY95oJE7EYOYuyGsMtIQBCUSvL0SyfgEKXo0DOz9CGrTEpLlXepVXFwLAiNWDbl1XKv9mt6etmsmiMYE2LNkjLI0fD0Z6cToSTETCIKhWhbZizdFHJJEMVZyUkEjiHqwy5uK8pgiIWbjg7OjAOldIwg4uoxaYzU6YkUhkIMQl91hlD2xKw3FP/z2okMTt2UsDiRmKHxoiChhoyMYXpGh3CMJB0oAhEn6q8G6kEVi1QZl1QIcyfPE7tWPata18fl+nmeRhHsgX1wBCxwAurgCjSADRB4BC/gHXxoT9qr9ql9jVsLWj6zC/5A+/4B2VuqUg==</latexit><latexit sha1_base64="gGg5XxGDaXVPwwJI8QlzOX9fjkg=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSIKhZIUQd0VXeiygrGFJobJdNIOnUzCzESoIZ/kxk/RjYKKW//CaRtqbT0wcO4593LnHj+mREjTfNMKC4tLyyvF1dLa+sbmlr69cyuihCNso4hGvOVDgSlh2JZEUtyKOYahT3HT718M/eY95oJE7EYOYuyGsMtIQBCUSvL0SyfgEKXo0DOz9CGrTEpLlXepVXFwLAiNWDbl1XKv9mt6etmsmiMYE2LNkjLI0fD0Z6cToSTETCIKhWhbZizdFHJJEMVZyUkEjiHqwy5uK8pgiIWbjg7OjAOldIwg4uoxaYzU6YkUhkIMQl91hlD2xKw3FP/z2okMTt2UsDiRmKHxoiChhoyMYXpGh3CMJB0oAhEn6q8G6kEVi1QZl1QIcyfPE7tWPata18fl+nmeRhHsgX1wBCxwAurgCjSADRB4BC/gHXxoT9qr9ql9jVsLWj6zC/5A+/4B2VuqUg==</latexit><latexit sha1_base64="gGg5XxGDaXVPwwJI8QlzOX9fjkg=">AAACL3icbVDLSsNAFJ3UV62vqEs3wSIKhZIUQd0VXeiygrGFJobJdNIOnUzCzESoIZ/kxk/RjYKKW//CaRtqbT0wcO4593LnHj+mREjTfNMKC4tLyyvF1dLa+sbmlr69cyuihCNso4hGvOVDgSlh2JZEUtyKOYahT3HT718M/eY95oJE7EYOYuyGsMtIQBCUSvL0SyfgEKXo0DOz9CGrTEpLlXepVXFwLAiNWDbl1XKv9mt6etmsmiMYE2LNkjLI0fD0Z6cToSTETCIKhWhbZizdFHJJEMVZyUkEjiHqwy5uK8pgiIWbjg7OjAOldIwg4uoxaYzU6YkUhkIMQl91hlD2xKw3FP/z2okMTt2UsDiRmKHxoiChhoyMYXpGh3CMJB0oAhEn6q8G6kEVi1QZl1QIcyfPE7tWPata18fl+nmeRhHsgX1wBCxwAurgCjSADRB4BC/gHXxoT9qr9ql9jVsLWj6zC/5A+/4B2VuqUg==</latexit>

1

✏
� Lm

<latexit sha1_base64="tc1nPQ+laJUshWCTyjMkq1+XXg8=">AAAB/nicdZBLS8NAFIUnPmt9RQU3boJFcGNIxFd3RTcuXFQwttCEMJlO2qEzkzAzEUrMwr/ixoWKW3+HO/+N0zZCFT0wcDjnXubyRSklUjnOpzEzOze/sFhZqi6vrK6tmxubtzLJBMIeSmgi2hGUmBKOPUUUxe1UYMgiilvR4GLUt+6wkCThN2qY4oDBHicxQVDpKDS3/VhAlLtF7uNUEprw4uAqZKFZc21nLMuxjx23fuJqUybfVQ2Uaobmh99NUMYwV4hCKTuuk6ogh0IRRHFR9TOJU4gGsIc72nLIsAzy8f2FtaeTrhUnQj+urHE6vZFDJuWQRXqSQdWXv7tR+FfXyVR8FuSEp5nCHE0+ijNqqcQawbC6RGCk6FAbiATRt1qoDzUQpZFVpyH8b7xDu26710e1xnlJowJ2wC7YBy44BQ1wCZrAAwjcg0fwDF6MB+PJeDXeJqMzRrmzBX7IeP8CxrWWJg==</latexit><latexit sha1_base64="tc1nPQ+laJUshWCTyjMkq1+XXg8=">AAAB/nicdZBLS8NAFIUnPmt9RQU3boJFcGNIxFd3RTcuXFQwttCEMJlO2qEzkzAzEUrMwr/ixoWKW3+HO/+N0zZCFT0wcDjnXubyRSklUjnOpzEzOze/sFhZqi6vrK6tmxubtzLJBMIeSmgi2hGUmBKOPUUUxe1UYMgiilvR4GLUt+6wkCThN2qY4oDBHicxQVDpKDS3/VhAlLtF7uNUEprw4uAqZKFZc21nLMuxjx23fuJqUybfVQ2Uaobmh99NUMYwV4hCKTuuk6ogh0IRRHFR9TOJU4gGsIc72nLIsAzy8f2FtaeTrhUnQj+urHE6vZFDJuWQRXqSQdWXv7tR+FfXyVR8FuSEp5nCHE0+ijNqqcQawbC6RGCk6FAbiATRt1qoDzUQpZFVpyH8b7xDu26710e1xnlJowJ2wC7YBy44BQ1wCZrAAwjcg0fwDF6MB+PJeDXeJqMzRrmzBX7IeP8CxrWWJg==</latexit><latexit sha1_base64="tc1nPQ+laJUshWCTyjMkq1+XXg8=">AAAB/nicdZBLS8NAFIUnPmt9RQU3boJFcGNIxFd3RTcuXFQwttCEMJlO2qEzkzAzEUrMwr/ixoWKW3+HO/+N0zZCFT0wcDjnXubyRSklUjnOpzEzOze/sFhZqi6vrK6tmxubtzLJBMIeSmgi2hGUmBKOPUUUxe1UYMgiilvR4GLUt+6wkCThN2qY4oDBHicxQVDpKDS3/VhAlLtF7uNUEprw4uAqZKFZc21nLMuxjx23fuJqUybfVQ2Uaobmh99NUMYwV4hCKTuuk6ogh0IRRHFR9TOJU4gGsIc72nLIsAzy8f2FtaeTrhUnQj+urHE6vZFDJuWQRXqSQdWXv7tR+FfXyVR8FuSEp5nCHE0+ijNqqcQawbC6RGCk6FAbiATRt1qoDzUQpZFVpyH8b7xDu26710e1xnlJowJ2wC7YBy44BQ1wCZrAAwjcg0fwDF6MB+PJeDXeJqMzRrmzBX7IeP8CxrWWJg==</latexit><latexit sha1_base64="tc1nPQ+laJUshWCTyjMkq1+XXg8=">AAAB/nicdZBLS8NAFIUnPmt9RQU3boJFcGNIxFd3RTcuXFQwttCEMJlO2qEzkzAzEUrMwr/ixoWKW3+HO/+N0zZCFT0wcDjnXubyRSklUjnOpzEzOze/sFhZqi6vrK6tmxubtzLJBMIeSmgi2hGUmBKOPUUUxe1UYMgiilvR4GLUt+6wkCThN2qY4oDBHicxQVDpKDS3/VhAlLtF7uNUEprw4uAqZKFZc21nLMuxjx23fuJqUybfVQ2Uaobmh99NUMYwV4hCKTuuk6ogh0IRRHFR9TOJU4gGsIc72nLIsAzy8f2FtaeTrhUnQj+urHE6vZFDJuWQRXqSQdWXv7tR+FfXyVR8FuSEp5nCHE0+ijNqqcQawbC6RGCk6FAbiATRt1qoDzUQpZFVpyH8b7xDu26710e1xnlJowJ2wC7YBy44BQ1wCZrAAwjcg0fwDF6MB+PJeDXeJqMzRrmzBX7IeP8CxrWWJg==</latexit>

a0 + a1z
✏

<latexit sha1_base64="xBvAYY0E0osfk2pSc38MvIlno7Y=">AAAB+nicdZBLS8NAFIVvfNb6qnXpZrAIghAS8dVd0Y3LCsYW2hgm00k7dPJgZiLW0L/ixoWKW3+JO/+NkzZCFT0wcPjOvczl+AlnUlnWpzE3v7C4tFxaKa+urW9sVraqNzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w4s8b91RIVkcXatRQt0Q9yMWMIKVRl6lij3rAHs2erjt0kQynsOabVoTIcs8tuz6ia1NQb6jGhRqepWPbi8maUgjRTiWsmNbiXIzLBQjnI7L3VTSBJMh7tOOthEOqXSzye1jtKdJDwWx0C9SaEJnNzIcSjkKfT0ZYjWQv7Mc/pV1UhWcuRmLklTRiEw/ClKOVIzyIlCPCUoUH2mDiWD6VkQGWGCidF3l2RL+N86hWTftq6Na47xoowQ7sAv7YMMpNOASmuAAgXt4hGd4McbGk/FqvE1H54xiZxt+yHj/Angtk6Q=</latexit><latexit sha1_base64="xBvAYY0E0osfk2pSc38MvIlno7Y=">AAAB+nicdZBLS8NAFIVvfNb6qnXpZrAIghAS8dVd0Y3LCsYW2hgm00k7dPJgZiLW0L/ixoWKW3+JO/+NkzZCFT0wcPjOvczl+AlnUlnWpzE3v7C4tFxaKa+urW9sVraqNzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w4s8b91RIVkcXatRQt0Q9yMWMIKVRl6lij3rAHs2erjt0kQynsOabVoTIcs8tuz6ia1NQb6jGhRqepWPbi8maUgjRTiWsmNbiXIzLBQjnI7L3VTSBJMh7tOOthEOqXSzye1jtKdJDwWx0C9SaEJnNzIcSjkKfT0ZYjWQv7Mc/pV1UhWcuRmLklTRiEw/ClKOVIzyIlCPCUoUH2mDiWD6VkQGWGCidF3l2RL+N86hWTftq6Na47xoowQ7sAv7YMMpNOASmuAAgXt4hGd4McbGk/FqvE1H54xiZxt+yHj/Angtk6Q=</latexit><latexit sha1_base64="xBvAYY0E0osfk2pSc38MvIlno7Y=">AAAB+nicdZBLS8NAFIVvfNb6qnXpZrAIghAS8dVd0Y3LCsYW2hgm00k7dPJgZiLW0L/ixoWKW3+JO/+NkzZCFT0wcPjOvczl+AlnUlnWpzE3v7C4tFxaKa+urW9sVraqNzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w4s8b91RIVkcXatRQt0Q9yMWMIKVRl6lij3rAHs2erjt0kQynsOabVoTIcs8tuz6ia1NQb6jGhRqepWPbi8maUgjRTiWsmNbiXIzLBQjnI7L3VTSBJMh7tOOthEOqXSzye1jtKdJDwWx0C9SaEJnNzIcSjkKfT0ZYjWQv7Mc/pV1UhWcuRmLklTRiEw/ClKOVIzyIlCPCUoUH2mDiWD6VkQGWGCidF3l2RL+N86hWTftq6Na47xoowQ7sAv7YMMpNOASmuAAgXt4hGd4McbGk/FqvE1H54xiZxt+yHj/Angtk6Q=</latexit><latexit sha1_base64="xBvAYY0E0osfk2pSc38MvIlno7Y=">AAAB+nicdZBLS8NAFIVvfNb6qnXpZrAIghAS8dVd0Y3LCsYW2hgm00k7dPJgZiLW0L/ixoWKW3+JO/+NkzZCFT0wcPjOvczl+AlnUlnWpzE3v7C4tFxaKa+urW9sVraqNzJOBaEOiXks2j6WlLOIOoopTtuJoDj0OW35w4s8b91RIVkcXatRQt0Q9yMWMIKVRl6lij3rAHs2erjt0kQynsOabVoTIcs8tuz6ia1NQb6jGhRqepWPbi8maUgjRTiWsmNbiXIzLBQjnI7L3VTSBJMh7tOOthEOqXSzye1jtKdJDwWx0C9SaEJnNzIcSjkKfT0ZYjWQv7Mc/pV1UhWcuRmLklTRiEw/ClKOVIzyIlCPCUoUH2mDiWD6VkQGWGCidF3l2RL+N86hWTftq6Na47xoowQ7sAv7YMMpNOASmuAAgXt4hGd4McbGk/FqvE1H54xiZxt+yHj/Angtk6Q=</latexit>

a00 + a01z
✏ + a02z

2✏
<latexit sha1_base64="J41QOgPv3u7+jD4Jp/idwxXTD+I=">AAACD3icdVDLSgMxFM34rPU16tJNsEgFYZgpvrorunFZwbGFdhwyaaYNzWSGJCPUoZ/gxl9x40LFrVt3/o2ZPqCKHkg495x7uckJEkalsu0vY25+YXFpubBSXF1b39g0t7ZvZJwKTFwcs1g0AyQJo5y4iipGmokgKAoYaQT9i9xv3BEhacyv1SAhXoS6nIYUI6Ul3yyjsm8f6suB97dtkkjKYp7XFV1nlaky9M2SY9kjQNs6tp3qiaPJRJlaJTBB3Tc/250YpxHhCjMkZcuxE+VlSCiKGRkW26kkCcJ91CUtTTmKiPSy0YeGcF8rHRjGQh+u4EidnchQJOUgCnRnhFRP/vZy8S+vlarwzMsoT1JFOB4vClMGVQzzdGCHCoIVG2iCsKD6rRD3kEBY6QyLsyH8T9yKVbWcq6NS7XySRgHsgj1wABxwCmrgEtSBCzB4AE/gBbwaj8az8Wa8j1vnjMnMDvgB4+Mb5J+bgA==</latexit><latexit sha1_base64="J41QOgPv3u7+jD4Jp/idwxXTD+I=">AAACD3icdVDLSgMxFM34rPU16tJNsEgFYZgpvrorunFZwbGFdhwyaaYNzWSGJCPUoZ/gxl9x40LFrVt3/o2ZPqCKHkg495x7uckJEkalsu0vY25+YXFpubBSXF1b39g0t7ZvZJwKTFwcs1g0AyQJo5y4iipGmokgKAoYaQT9i9xv3BEhacyv1SAhXoS6nIYUI6Ul3yyjsm8f6suB97dtkkjKYp7XFV1nlaky9M2SY9kjQNs6tp3qiaPJRJlaJTBB3Tc/250YpxHhCjMkZcuxE+VlSCiKGRkW26kkCcJ91CUtTTmKiPSy0YeGcF8rHRjGQh+u4EidnchQJOUgCnRnhFRP/vZy8S+vlarwzMsoT1JFOB4vClMGVQzzdGCHCoIVG2iCsKD6rRD3kEBY6QyLsyH8T9yKVbWcq6NS7XySRgHsgj1wABxwCmrgEtSBCzB4AE/gBbwaj8az8Wa8j1vnjMnMDvgB4+Mb5J+bgA==</latexit><latexit sha1_base64="J41QOgPv3u7+jD4Jp/idwxXTD+I=">AAACD3icdVDLSgMxFM34rPU16tJNsEgFYZgpvrorunFZwbGFdhwyaaYNzWSGJCPUoZ/gxl9x40LFrVt3/o2ZPqCKHkg495x7uckJEkalsu0vY25+YXFpubBSXF1b39g0t7ZvZJwKTFwcs1g0AyQJo5y4iipGmokgKAoYaQT9i9xv3BEhacyv1SAhXoS6nIYUI6Ul3yyjsm8f6suB97dtkkjKYp7XFV1nlaky9M2SY9kjQNs6tp3qiaPJRJlaJTBB3Tc/250YpxHhCjMkZcuxE+VlSCiKGRkW26kkCcJ91CUtTTmKiPSy0YeGcF8rHRjGQh+u4EidnchQJOUgCnRnhFRP/vZy8S+vlarwzMsoT1JFOB4vClMGVQzzdGCHCoIVG2iCsKD6rRD3kEBY6QyLsyH8T9yKVbWcq6NS7XySRgHsgj1wABxwCmrgEtSBCzB4AE/gBbwaj8az8Wa8j1vnjMnMDvgB4+Mb5J+bgA==</latexit><latexit sha1_base64="J41QOgPv3u7+jD4Jp/idwxXTD+I=">AAACD3icdVDLSgMxFM34rPU16tJNsEgFYZgpvrorunFZwbGFdhwyaaYNzWSGJCPUoZ/gxl9x40LFrVt3/o2ZPqCKHkg495x7uckJEkalsu0vY25+YXFpubBSXF1b39g0t7ZvZJwKTFwcs1g0AyQJo5y4iipGmokgKAoYaQT9i9xv3BEhacyv1SAhXoS6nIYUI6Ul3yyjsm8f6suB97dtkkjKYp7XFV1nlaky9M2SY9kjQNs6tp3qiaPJRJlaJTBB3Tc/250YpxHhCjMkZcuxE+VlSCiKGRkW26kkCcJ91CUtTTmKiPSy0YeGcF8rHRjGQh+u4EidnchQJOUgCnRnhFRP/vZy8S+vlarwzMsoT1JFOB4vClMGVQzzdGCHCoIVG2iCsKD6rRD3kEBY6QyLsyH8T9yKVbWcq6NS7XySRgHsgj1wABxwCmrgEtSBCzB4AE/gBbwaj8az8Wa8j1vnjMnMDvgB4+Mb5J+bgA==</latexit>

z�1+⌘ =
1

⌘
�(z) +

✓
1

z

◆

+

+ ⌘

✓
ln z

z

◆

+

+ · · ·
<latexit sha1_base64="4N4uaMYlHXeWpWLEfE7zTGkl2Nc="></latexit><latexit sha1_base64="4N4uaMYlHXeWpWLEfE7zTGkl2Nc="></latexit><latexit sha1_base64="4N4uaMYlHXeWpWLEfE7zTGkl2Nc="></latexit><latexit sha1_base64="4N4uaMYlHXeWpWLEfE7zTGkl2Nc="></latexit>

Can we use plus expansion to resolve endpoint divergences?

undefined convolution arisesZ 1

0
dz

✓
1

z

◆

+

ln z
<latexit sha1_base64="ZRT+FgAErv1bBfnGugX6v4INeRQ="></latexit><latexit sha1_base64="ZRT+FgAErv1bBfnGugX6v4INeRQ="></latexit><latexit sha1_base64="ZRT+FgAErv1bBfnGugX6v4INeRQ="></latexit><latexit sha1_base64="ZRT+FgAErv1bBfnGugX6v4INeRQ="></latexit>

difficult to renormalize endpoint divergences before performing convolution !!!

Endpoint Divergences



16

[[H2(z)]] ⌘ lim
z!0

H2(z) = H3
J(zM2

h)

z
<latexit sha1_base64="7MSpc4yfOEVPUOh5WfEhA9rbo40="></latexit><latexit sha1_base64="7MSpc4yfOEVPUOh5WfEhA9rbo40="></latexit><latexit sha1_base64="7MSpc4yfOEVPUOh5WfEhA9rbo40="></latexit><latexit sha1_base64="7MSpc4yfOEVPUOh5WfEhA9rbo40="></latexit>

[[O2(z)]] ⌘ lim
z!0

h��|O2(z) |hi =
Z 1

0

d`+

`+
J(Mh `+)S(`+`�) ,

<latexit sha1_base64="22ZK5InBLojFnc5ae4pdEkFVFqM="></latexit><latexit sha1_base64="22ZK5InBLojFnc5ae4pdEkFVFqM="></latexit><latexit sha1_base64="22ZK5InBLojFnc5ae4pdEkFVFqM="></latexit><latexit sha1_base64="22ZK5InBLojFnc5ae4pdEkFVFqM="></latexit>

At the endpoint, the refactorization conditions read

Then                   has the same integrand with         ,

but has different integral region

[[H2(z)]]⌦ [[O2(z)]]
<latexit sha1_base64="xvxn+p3S5G2+e57ozGelWpV9DAo="></latexit><latexit sha1_base64="xvxn+p3S5G2+e57ozGelWpV9DAo="></latexit><latexit sha1_base64="xvxn+p3S5G2+e57ozGelWpV9DAo="></latexit><latexit sha1_base64="xvxn+p3S5G2+e57ozGelWpV9DAo="></latexit>

H3 O3
<latexit sha1_base64="iBOhQYWZD1TTIxtlRhr0op4VaiU="></latexit><latexit sha1_base64="iBOhQYWZD1TTIxtlRhr0op4VaiU="></latexit><latexit sha1_base64="iBOhQYWZD1TTIxtlRhr0op4VaiU="></latexit><latexit sha1_base64="iBOhQYWZD1TTIxtlRhr0op4VaiU="></latexit>

Z 1

0
dz[[H2(z)]][[O2(z)]] = H3

Z Mh

0

d`�

`�
J(Mh`

�)

Z 1

0

d`+

`+
J(Mh`

+)S(`+`�)
<latexit sha1_base64="OZGC4+jyi5sVuZjxI7n2kAR/HWk="></latexit><latexit sha1_base64="OZGC4+jyi5sVuZjxI7n2kAR/HWk="></latexit><latexit sha1_base64="OZGC4+jyi5sVuZjxI7n2kAR/HWk="></latexit><latexit sha1_base64="OZGC4+jyi5sVuZjxI7n2kAR/HWk="></latexit>

useful to do subtraction
Z 1

0
dzH2(z)O2(z) !

Z 1

0
dz (H2(z)O2(z)� [[H2(z)]][[O2(z)]]) +

Z 1

0
dz[[H2(z)]][[O2(z)]]

<latexit sha1_base64="tS7+vmG4TjhkoQban6zu8MhCURw="></latexit><latexit sha1_base64="tS7+vmG4TjhkoQban6zu8MhCURw="></latexit><latexit sha1_base64="tS7+vmG4TjhkoQban6zu8MhCURw="></latexit><latexit sha1_base64="tS7+vmG4TjhkoQban6zu8MhCURw="></latexit>

Refactorization
Talk by Philipp 
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z → 0

J

n1 n1 n1 s

H3
k2

k2z

H2(z)

S

J

k1

k2

k1

k2

x− t n2

0
z → 0

z

Result in two same integrands between H2O2 and H3O3

Refactorization at Operator Level
ZLL, Neubert, Mecaj, Wang, ‘20
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Z a

0

dz

z
f(z) +

Z +1

b

dz

z
f(z) !

Z a

b

dz

z
f(z)

<latexit sha1_base64="x+NOMnPezXKqAoOvHeSHmj7rfOk="></latexit><latexit sha1_base64="x+NOMnPezXKqAoOvHeSHmj7rfOk="></latexit><latexit sha1_base64="x+NOMnPezXKqAoOvHeSHmj7rfOk="></latexit><latexit sha1_base64="x+NOMnPezXKqAoOvHeSHmj7rfOk="></latexit>

Z a

0
dz

1

z
+

Z +1

b
dz

1

z
=

Z a

0
dz

1

z1�⌘
+

Z +1

b
dz

1

z1�⌘
=

1

⌘
(a⌘ � b⌘) = ln

a

b
<latexit sha1_base64="YP1Bbm4ZAOw7CafM9FTJayaHulM="></latexit><latexit sha1_base64="YP1Bbm4ZAOw7CafM9FTJayaHulM="></latexit><latexit sha1_base64="YP1Bbm4ZAOw7CafM9FTJayaHulM="></latexit><latexit sha1_base64="YP1Bbm4ZAOw7CafM9FTJayaHulM="></latexit>

)
<latexit sha1_base64="0yJ8o+UW48UXj4czHscU9sHX5kk="></latexit><latexit sha1_base64="0yJ8o+UW48UXj4czHscU9sHX5kk="></latexit><latexit sha1_base64="0yJ8o+UW48UXj4czHscU9sHX5kk="></latexit><latexit sha1_base64="0yJ8o+UW48UXj4czHscU9sHX5kk="></latexit> `+

<latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit>

`�
<latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit>

Mh
<latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit>

Mh
<latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit>

H3

 Z 1

Mh

d`
�

`�

Z 1

0

d`
+

`+
+

Z Mh

0

d`
�

`�

Z 1

0

d`
+

`+

!
J(Mh`

�)J(Mh`
+)S(`+`�) = 0

<latexit sha1_base64="B9JlkH/WPmfsc9I8V7BKBnxC0eY="></latexit><latexit sha1_base64="B9JlkH/WPmfsc9I8V7BKBnxC0eY="></latexit><latexit sha1_base64="B9JlkH/WPmfsc9I8V7BKBnxC0eY="></latexit><latexit sha1_base64="B9JlkH/WPmfsc9I8V7BKBnxC0eY="></latexit>

Z 1

0
dz[[H2(z)]][[O2(z)]]

<latexit sha1_base64="9gSxcTrdA60LGp6sGeM5T4PltR0="></latexit><latexit sha1_base64="9gSxcTrdA60LGp6sGeM5T4PltR0="></latexit><latexit sha1_base64="9gSxcTrdA60LGp6sGeM5T4PltR0="></latexit><latexit sha1_base64="9gSxcTrdA60LGp6sGeM5T4PltR0="></latexit>

rapidity divergences cancel explicitly !!!

Cancellation of Rapidity Divergence
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Rearrangement
`+

<latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit><latexit sha1_base64="LOFXNymcH/pBBXDnPbdbdz3S4xY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx4rmLbQxrLZTtq1m2zY3Qgl9D948aDi1R/kzX/j9uOgrQ8GHu/NMDMvTAXXxnW/naXlldW19cJGcXNre2e3tLdf1zJTDH0mhVTNkGoUPEHfcCOwmSqkcSiwEQ5uxn7jCZXmMrk3wxSDmPYSHnFGjZXqbRTi4bRTKrsVdwKySLwZKcMMtU7pq92VLIsxMUxQrVuem5ogp8pwJnBUbGcaU8oGtIctSxMaow7yybUjcmyVLomkspUYMlF/T+Q01noYh7Yzpqav572x+J/Xykx0GeQ8STODCZsuijJBjCTj10mXK2RGDC2hTHF7K2F9qigzNqCiDcGbf3mR+GeVq4p3d16uXs/SKMAhHMEJeHABVbiFGvjA4BGe4RXeHOm8OO/Ox7R1yZnNHMAfOJ8/lyeOrA==</latexit>

`�
<latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit><latexit sha1_base64="SwhAd67iQMIj36fdOa178Wvxikk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSQiqLeiF48VTFtoY9lsJ+3aTTbsboQS+h+8eFDx6g/y5r9x+3HQ1gcDj/dmmJkXpoJr47rfztLyyuraemGjuLm1vbNb2tuva5kphj6TQqpmSDUKnqBvuBHYTBXSOBTYCAc3Y7/xhEpzmdybYYpBTHsJjzijxkr1NgrxcNopld2KOwFZJN6MlGGGWqf01e5KlsWYGCao1i3PTU2QU2U4EzgqtjONKWUD2sOWpQmNUQf55NoRObZKl0RS2UoMmai/J3Iaaz2MQ9sZU9PX895Y/M9rZSa6DHKepJnBhE0XRZkgRpLx66TLFTIjhpZQpri9lbA+VZQZG1DRhuDNv7xI/LPKVcW7Oy9Xr2dpFOAQjuAEPLiAKtxCDXxg8AjP8ApvjnRenHfnY9q65MxmDuAPnM8fmi2Org==</latexit>

Mh
<latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit>

Mh
<latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit><latexit sha1_base64="FaSf6O5wPFIbAXAECIVZ8mmsBxU="></latexit>

M(h ! ��) = (H1 +�H1)O1

+ 4 lim
�!0

Z 1

�
dz

h
H2(z)O2(z)� [[H2(z)]] [[O2(z)]]

i

+H3 lim
�!�1

Z Mh

0

d`�
`�

Z �Mh

0

d`+
`+

J(Mh`�) J(�Mh`+)S(`+`�)
<latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit>

S1(`+`�) = lim
`±!1

S(`+`�,m2
b)

<latexit sha1_base64="4wH3Io86e8/SdcHJu1QWRjWTGgY="></latexit><latexit sha1_base64="4wH3Io86e8/SdcHJu1QWRjWTGgY="></latexit><latexit sha1_base64="4wH3Io86e8/SdcHJu1QWRjWTGgY="></latexit><latexit sha1_base64="4wH3Io86e8/SdcHJu1QWRjWTGgY="></latexit>

is not at soft scale, but at hard scaleS1(`+`�)
<latexit sha1_base64="Ezmvj6vqGoap/n9Njb5QLCFiLpM="></latexit><latexit sha1_base64="Ezmvj6vqGoap/n9Njb5QLCFiLpM="></latexit><latexit sha1_base64="Ezmvj6vqGoap/n9Njb5QLCFiLpM="></latexit><latexit sha1_base64="Ezmvj6vqGoap/n9Njb5QLCFiLpM="></latexit>

get rid of rapidity regulator !!! no endpoint divergences any more !!!

�H1O1 = �H3 lim
�!�1

Z 1

Mh

d`�
`�

Z 1

�Mh

d`+
`+

J(Mh`�)J(�Mh`+)S1(`+`�)
<latexit sha1_base64="SpC59hkMJxTRZwIM/TX4CLcpogA="></latexit><latexit sha1_base64="SpC59hkMJxTRZwIM/TX4CLcpogA="></latexit><latexit sha1_base64="SpC59hkMJxTRZwIM/TX4CLcpogA="></latexit><latexit sha1_base64="SpC59hkMJxTRZwIM/TX4CLcpogA="></latexit>

S1(`+`�) ⇠ mb

✓
`+`�
µ2

◆�✏
"

e✏�E

�(1� ✏)
+

CF↵s

4⇡

✓
`+`�
µ2

◆�✏ ✓
� 2

✏2
+

6

✏
+ 12� ⇡2

3

◆#

<latexit sha1_base64="7gedvef+tRqAG2jAiBzexR4CKio="></latexit><latexit sha1_base64="7gedvef+tRqAG2jAiBzexR4CKio="></latexit><latexit sha1_base64="7gedvef+tRqAG2jAiBzexR4CKio="></latexit><latexit sha1_base64="7gedvef+tRqAG2jAiBzexR4CKio="></latexit>

+(`+ $ `�)
<latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit>

+(`+ $ `�)
<latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit><latexit sha1_base64="/QL4EhuIrj0wfNYO4Dt3ZhhBHnk="></latexit>

“infinity-bin 
subtraction”

�H1O1
<latexit sha1_base64="yfojuB3X1c0R4qG8m+/I720mHY4=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4GqbFLZ4CesjNCI4RknHo6dQkTXoWunuUMOQ/vHhQ8erHePNv7CygRh8UPN6roqpekAqutON8WoW5+YXFpeJyaWV1bX2jvLl1o5JMMnBZIhJ5G1AFgsfgaq4F3KYSaBQIaAb985HfvAepeBJf60EKXkS7MQ85o9pId+0LEJriuk/wpU/8csWxjxxSPSbYsZ0xvgmZkgqaouGXP9qdhGURxJoJqlSLOKn2cio1ZwKGpXamIKWsT7vQMjSmESgvH189xHtG6eAwkaZijcfqz4mcRkoNosB0RlT31Kw3Ev/zWpkOT72cx2mmIWaTRWEmsE7wKALc4RKYFgNDKJPc3IpZj0rKtAmqZEIgsy//Je6BXbXJ1WGldjZNo4h20C7aRwSdoBqqowZyEUMSPaJn9GI9WE/Wq/U2aS1Y05lt9AvW+xckOJEl</latexit><latexit sha1_base64="yfojuB3X1c0R4qG8m+/I720mHY4=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4GqbFLZ4CesjNCI4RknHo6dQkTXoWunuUMOQ/vHhQ8erHePNv7CygRh8UPN6roqpekAqutON8WoW5+YXFpeJyaWV1bX2jvLl1o5JMMnBZIhJ5G1AFgsfgaq4F3KYSaBQIaAb985HfvAepeBJf60EKXkS7MQ85o9pId+0LEJriuk/wpU/8csWxjxxSPSbYsZ0xvgmZkgqaouGXP9qdhGURxJoJqlSLOKn2cio1ZwKGpXamIKWsT7vQMjSmESgvH189xHtG6eAwkaZijcfqz4mcRkoNosB0RlT31Kw3Ev/zWpkOT72cx2mmIWaTRWEmsE7wKALc4RKYFgNDKJPc3IpZj0rKtAmqZEIgsy//Je6BXbXJ1WGldjZNo4h20C7aRwSdoBqqowZyEUMSPaJn9GI9WE/Wq/U2aS1Y05lt9AvW+xckOJEl</latexit><latexit sha1_base64="yfojuB3X1c0R4qG8m+/I720mHY4=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4GqbFLZ4CesjNCI4RknHo6dQkTXoWunuUMOQ/vHhQ8erHePNv7CygRh8UPN6roqpekAqutON8WoW5+YXFpeJyaWV1bX2jvLl1o5JMMnBZIhJ5G1AFgsfgaq4F3KYSaBQIaAb985HfvAepeBJf60EKXkS7MQ85o9pId+0LEJriuk/wpU/8csWxjxxSPSbYsZ0xvgmZkgqaouGXP9qdhGURxJoJqlSLOKn2cio1ZwKGpXamIKWsT7vQMjSmESgvH189xHtG6eAwkaZijcfqz4mcRkoNosB0RlT31Kw3Ev/zWpkOT72cx2mmIWaTRWEmsE7wKALc4RKYFgNDKJPc3IpZj0rKtAmqZEIgsy//Je6BXbXJ1WGldjZNo4h20C7aRwSdoBqqowZyEUMSPaJn9GI9WE/Wq/U2aS1Y05lt9AvW+xckOJEl</latexit><latexit sha1_base64="yfojuB3X1c0R4qG8m+/I720mHY4=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiB4GqbFLZ4CesjNCI4RknHo6dQkTXoWunuUMOQ/vHhQ8erHePNv7CygRh8UPN6roqpekAqutON8WoW5+YXFpeJyaWV1bX2jvLl1o5JMMnBZIhJ5G1AFgsfgaq4F3KYSaBQIaAb985HfvAepeBJf60EKXkS7MQ85o9pId+0LEJriuk/wpU/8csWxjxxSPSbYsZ0xvgmZkgqaouGXP9qdhGURxJoJqlSLOKn2cio1ZwKGpXamIKWsT7vQMjSmESgvH189xHtG6eAwkaZijcfqz4mcRkoNosB0RlT31Kw3Ev/zWpkOT72cx2mmIWaTRWEmsE7wKALc4RKYFgNDKJPc3IpZj0rKtAmqZEIgsy//Je6BXbXJ1WGldjZNo4h20C7aRwSdoBqqowZyEUMSPaJn9GI9WE/Wq/U2aS1Y05lt9AvW+xckOJEl</latexit>
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M(h ! ��) = (H1 +�H1)O1

+ 4 lim
�!0

Z 1

�
dz

h
H2(z)O2(z)� [[H2(z)]] [[O2(z)]]

i

+H3 lim
�!�1

Z Mh

0

d`�
`�

Z �Mh

0

d`+
`+

J(Mh`�) J(�Mh`+)S(`+`�)
<latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit><latexit sha1_base64="Q68FxNjuTTM94qCh72kan2Ip9GA="></latexit>

T2
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• T1 only depends on hard log

• no        poles any more
• LL and NLL only appear in T3

• T3 is “almost” RG-invariant

• NLO amplitude is exactly reproduced  !!!
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Rearrangement
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Leading Log only appears in the “almost” RG-invariant T3
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T. Liu, Penin, ’17 J. Wang, ‘19

Resummation at LL
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T3 is “RG-invariant”:
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Mismatch in Cutoff Scheme

When cutoff is involved:

bare

renormalized

This can be employed to determine Z-factor of soft function,

but the convolution is not well defined!
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Talk by Xiangpeng
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• Factorization theorem is built at bare level


• NLO amplitude is reproduced exactly


• Non-trivial soft-quark soft function is derived


• Refactorization helps us to regulate the rapidity divergences


• Endpoint divergences are removed by rearrangement

A Short Summary

How to deal with the mismatch between renormalization 
and convolutions with cutoffs?



Renormalized Factorization Theorem 
at Subleading Power in SCET

ZLL, Neubert, 2003.03393 (JHEP) 

ZLL, Mecaj, Neubert, Wang, Fleming, 2005.03013 (JHEP) 

ZLL, M. Neubert, B. Mecaj, X. Wang 

2009.04456 (PRD) & 2009.06779 (JHEP)
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T1: Absorb the contributions from infinity-bin and mismatch

T2: Divergences at the endpoints are subtracted

T3: Cutoff is involve to regulated endpoint divergences

• Renormalization does NOT commute with the cutoff       Mismatch


• Cutoff arises from rearrangement — Nature !


• Both of the contributions from infinity-bin and mismatch only 
depend on hard scale — Proved to all order in


• Renomalization of O1 and O2 is mixing 

Renormalized Factorization Theorem

↵s
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Renormalization

O1(µ) = Z11O
(0)
1 ,
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Renormalization
Calculation of Z22 : UV divergences of matrix element of O2
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Mismatch Terms in Renormalization
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different integral intervals 
but same integrands by 
refactorization conditions

integrals over the entire planes 
are scaleless 

�T2
<latexit sha1_base64="DLSmn2vhakwDPQJUFXxGsoJZJ28="></latexit><latexit sha1_base64="DLSmn2vhakwDPQJUFXxGsoJZJ28="></latexit><latexit sha1_base64="DLSmn2vhakwDPQJUFXxGsoJZJ28="></latexit><latexit sha1_base64="DLSmn2vhakwDPQJUFXxGsoJZJ28="></latexit>

�T3
<latexit sha1_base64="vWUmDvD+ItOplWN0uu9OMIgIMlE="></latexit><latexit sha1_base64="vWUmDvD+ItOplWN0uu9OMIgIMlE="></latexit><latexit sha1_base64="vWUmDvD+ItOplWN0uu9OMIgIMlE="></latexit><latexit sha1_base64="vWUmDvD+ItOplWN0uu9OMIgIMlE="></latexit>



29

Renormalized Matching Coefficients
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Infinity-bin Mismatch

Mixing from O2
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Final results at NLO:
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Renormalized Matrix Elements
hO1(µ)i = mb(µ) g
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Final renormalized matrix elements at NLO:
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Renormalization-Group Equations
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★ RGE of H1 is highly non-trivial because of the contributions from infinity-bin 
subtraction and mismatch in renormalization
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Radiative Jet Function

ZLL, Neubert, 2003.03393 (JHEP)

Braun, Ji, Manashov, ‘19
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and the two-loop RGE of B meson LCDA,

we can derive the two-loop anomalous dimension of jet function:

The solution of RGE of jet function at two loops is
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jet function in dual space
Bell, Feldmann, Wang, Yip, ‘13



33

Soft-Quark Soft Function
RGE of soft-quark soft function:

can be determined by RG invariance of T3
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The solution of RGE gives:

ZLL, Mecaj, Neubert, Wang, Fleming, 2005.03013 (JHEP)

Meijer G-Function
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Anomalous Dimensions
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Determine RGE of H1
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RGE be determined by RG invariance:

The unknown quantity can be expressed as

non-zero due to cutoff mismatch in T2

each of them depends on hard and soft scales, 
but their combination is purely hard
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Determine RGE of H1

With the two refactorization conditions:
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On the other hand:

Combination of the two mismatch terms gives an integral in purely hard region
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with

To regulate the endpoint divergences, one need to keep the full dependence 
on    in renormalized jet and soft functions before performing convolution✏
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RG Evolution
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Hard-Collinear

Collinear & Soft

Dynamical scale choice in T3
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Last piece of anomalous dimensions: 

• Double log term in anomalous dimension complicates the scale evolution of H1 

• Evolving the matrix elements up to hard scale is accessible

• Dynamical scale setting is necessary to adapt to the convolution 
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Logarithms at Three Loops
Solving the RGEs iteratively in perturbation theory, one can predict the 
large logarithms in three-loop decay amplitude down to ↵↵2

sL
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with

agree with numerical result of Niggetiedt, 2020

Is conventional QCD approach valid beyond leading logarithmic accuracy?

Strong evidence for the correctness of our factorization !!!
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Resummation beyond NLL
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Resummation of T2
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Resummation of T2
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Transform to the dual space:

Leading to local RGE:

The solution of RGE:

ConvergentDivergent
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Conclusions

• First renormalized factorization theorem at subleading power (with 

endpoint divergences) is established in SCET


• Two refactorization conditions are proved at operator level


• Nature cutoffs arise from subtractions and rearrangement of 

endpoint singularities


• Contributions from mismatch between renormalization and 

convolution with cutoffs are proved to be purely hard


• Operators mix under renormalization



Thanks for your attention!


