
Bootstrapping Smooth  
Line Operators  

in Chern-Simons-Matter CFTs
De-liang Zhong 

Imperial College London 

2024/06/27 INAPC & TDLI  

ArXiv: 2204.05262                                with Barak Gabai and Amit Sever 
Phys. Rev. Lett. 129, 121604 

ArXiv: 2212.02518 
JHEP 04 (2023) 070 

ArXiv: 2312.17132 

JHEP 03 (2024) 055   



Motivation
❖ Conventional QFT  

• Correlation functions of local operators 

• With straight defect/line operators

❖ Extended Operators: e.g. line operators  

• Fundamental probe of the theory:   

• e.g. order parameter for the confinement/deconfinement transition 

• In a CFT, line operators undergoes RG flow 

• VEV is a conformal invariant functional of the path (shape)



Motivation

❖ Line bootstrap  

• VEV of line/defects is a non-trivial functional of the path (shape) 

• Very few known examples of this functional  

• Example: N = 4 SYM BPS line/2d YM Wilson line: only depend on area 

• Example II: Chern-Simons: topological, no shape dependence 

• Example III: Chern-Simons with fund matter 

• Shape dependence leads to new constraints!



Chern-Simons Matter Theory

❖ Topological:  Correlators of Wilson loops inv under small deformation

❖ Chern-Simons matter theory 

• Couple to fundamental boson/fermion: non-trivial CFT 

• Realisation of a simple non-trivial CFT on the line

❖  Chern-Simons Theory 

  

Planar Limit:
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Observables

 

❖ Local operator: e.g. singlet                     , monopole/baryon operators 

❖ Wilson loop 

❖ Mesonic line operator
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anti-fundamental 
boundary operator

fundamental 
boundary operator
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conformal line
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❖ Result: 

• Conformal-invariance of the straight line + insertions is insufficient 

• Conformal-invariance of an arbitrary smooth line  unique solution⇒

❖ Strategy: 

• Deform the straight line 

• Expand in                                       Line effective action  

Bootstrap
❖ Goal: 

• Bootstrap the line CFT & compute
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i
Based on minimal data{1d CFT, large N factorisation, 2 low laying operators}
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S[v(·), ✏]
UV cutoff length scale
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v/|x1 � x0|
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❖ Strategy: 

• Deform the straight line 

• Expand in                                       Line effective action  

Bootstrap
❖ Goal: 

• Bootstrap the line CFT & compute
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S[v(·), ✏]
UV cutoff length scale
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❖ Remark: 

• Strong-weak bosonization duality 

• Bootstrap blind to bosonic/fermionic description  so does the results⇒



Bootstrap

anti-fundamental 
boundary operator

fundamental 
boundary operator

conformal line
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oriented smooth path
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some parametrisation 
of the line

<latexit sha1_base64="+aQR1bePxojTpfe7CQS3uBV1uDw=">AAAB9XicdVDLSsNAFJ34rPVVdelmsAh1E9L06a7oxmUF+4A2lsl00g6dTOLMpLaE/ocbF4q49V/c+TdO2goqeuDC4Zx7ufceN2RUKsv6MFZW19Y3NlNb6e2d3b39zMFhUwaRwKSBAxaItoskYZSThqKKkXYoCPJdRlru6DLxW2MiJA34jZqGxPHRgFOPYqS0dDvJybMuuYvoGE56spfJWuZ5tWyXbGiZllWxC+WE2JWiXYB5rSTIgiXqvcx7tx/gyCdcYYak7OStUDkxEopiRmbpbiRJiPAIDUhHU458Ip14fvUMnmqlD71A6OIKztXvEzHypZz6ru70kRrK314i/uV1IuVVnZjyMFKE48UiL2JQBTCJAPapIFixqSYIC6pvhXiIBMJKB5XWIXx9Cv8nTdvMl83SdTFbu1jGkQLH4ATkQB5UQA1cgTpoAAwEeABP4Nm4Nx6NF+N10bpiLGeOwA8Yb59uSJKA</latexit>

x(s) ⌘ xs
<latexit sha1_base64="O0ughX+N8APAGiG59DlIMdfSHTc=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURX8uiG5cV7AOSUCaTaTt0MhNmJtIS8ituXCji1h9x5984bbPQ1gMXDufcy733hAmjSjvOt1VaW9/Y3CpvV3Z29/YP7MNqR4lUYtLGggnZC5EijHLS1lQz0kskQXHISDcc38387hORigr+qKcJCWI05HRAMdJG6tvVzMeIwW7uTeo+joQ+C/p2zWk4c8BV4hakBgq0+vaXHwmcxoRrzJBSnuskOsiQ1BQzklf8VJEE4TEaEs9QjmKigmx+ew5PjRLBgZCmuIZz9fdEhmKlpnFoOmOkR2rZm4n/eV6qBzdBRnmSasLxYtEgZVALOAsCRlQSrNnUEIQlNbdCPEISYW3iqpgQ3OWXV0nnvOFeNS4fLmrN2yKOMjgGJ6AOXHANmuAetEAbYDABz+AVvFm59WK9Wx+L1pJVzByBP7A+fwA2W5Pr</latexit>

W[x(·)]

❖ Objective 

• Bootstrap the line CFT & compute



Bootstrap Axiom I

❖ Conformal invariance of the line 

• Under a conformal transformation  the line doesn’t pick any weight   

• Straight line preserves an                               symmetry 

• 1D operators are characterized by                           

• Boundary operators picks conformal weight

x → x̃

<latexit sha1_base64="YFFHg4c8uL4M19RqG2fCdPAho/Y=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahBSlJ8bUsunHhoj7SFppQJtNpO3QyCTMToYRu3Pgrblwo4tZ/cOffOGmz0NYDFw7n3Mu99/gRo1JZ1reRW1hcWl7JrxbW1jc2t8ztnYYMY4GJg0MWipaPJGGUE0dRxUgrEgQFPiNNf3iZ+s0HIiQN+b0aRcQLUJ/THsVIaalj7t9dl6pHiRsgNfB9eDsuu4oGREKnZJc7ZtGqWBPAeWJnpAgy1Dvml9sNcRwQrjBDUrZtK1JegoSimJFxwY0liRAeoj5pa8qR3uQlky/G8FArXdgLhS6u4ET9PZGgQMpR4OvO9Fo566Xif147Vr1zL6E8ihXheLqoFzOoQphGArtUEKzYSBOEBdW3QjxAAmGlgyvoEOzZl+dJo1qxTysnN8fF2kUWRx7sgQNQAjY4AzVwBerAARg8gmfwCt6MJ+PFeDc+pq05I5vZBX9gfP4ApvKWxA==</latexit>

SL(2,R)⇥ U(1)

<latexit sha1_base64="twAmM+SNE9O+fsN31najT37JupA=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClIS8bUs6sJlBfuAppTJ9KYdOpmEmYlQQsFfceNCEbd+hzv/xkmbhVYPDBzOuZd75vgxZ0o7zpdVWFhcWl4prpbW1jc2t+ztnaaKEkmhQSMeybZPFHAmoKGZ5tCOJZDQ59DyR9eZ33oAqVgk7vU4hm5IBoIFjBJtpJ69V/FugGty7IVEDwNJRqmaHPXsslN1psB/iZuTMspR79mfXj+iSQhCU06U6rhOrLspkZpRDpOSlyiICR2RAXQMFSQE1U2n8Sf40Ch9HETSPKHxVP25kZJQqXHom8kspJr3MvE/r5Po4LKbMhEnGgSdHQoSjnWEsy5wn0mgmo8NIVQykxXTIZGEatNYyZTgzn/5L2meVN3z6tndabl2lddRRPvoAFWQiy5QDd2iOmogilL0hF7Qq/VoPVtv1vtstGDlO7voF6yPb74UlV8=</latexit>

(�, s)

conformal invariant functional

local lightcone coordinates

primary<latexit sha1_base64="Bq1fTm4hLAf+5MAQT0KotsfoVls=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQQYbp9Omu6MaFi/roA9qhZNJMG5p5kGSUMvZT3LhQxK1f4s6/MdNWUNEDgcM593JPjhMyKqRpfmippeWV1bX0emZjc2t7R8/utkQQcUyaOGAB7zhIEEZ90pRUMtIJOUGew0jbGZ8lfvuWcEED/0ZOQmJ7aOhTl2IkldTXs9cXees47nlIjhwHXk2P+nrONE5qFatsQdMwzapVrCTEqpasIiwoJUEOLNDo6++9QYAjj/gSMyREt2CG0o4RlxQzMs30IkFChMdoSLqK+sgjwo5n0afwUCkD6AZcPV/Cmfp9I0aeEBPPUZNJRPHbS8S/vG4k3ZodUz+MJPHx/JAbMSgDmPQAB5QTLNlEEYQ5VVkhHiGOsFRtZVQJXz+F/5OWZRQqRvmylKufLupIg31wAPKgAKqgDs5BAzQBBnfgATyBZ+1ee9RetNf5aEpb7OyBH9DePgHiDZMl</latexit>

SL(2,R)

transverse polarization vector

<latexit sha1_base64="Os8TpyWJlcwi6yXrpCoLzulLyJ0="></latexit>

hO�,�s(x1, n1)W[x(·)]O�,s(x0, n0)i =
(n+

0 /n
+
1 )

s

|x0 � x1|
2�

⇥ F [x(·)]



Bootstrap Axiom II

❖ Large N factorisation: 

• Product of two mesonic operator factories   

• Adjoint line operators factories as product of two fund operators 

• Crossing on the line is trivially satisfied: position dependence factories  

• Still non-trivial: overall factor is meaningful

<latexit sha1_base64="KbVAKvLtoPHv1CVHFbix0rSgz2g=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVoEcaJ9DW7ohtXWsE+oB1KJk1taOZBkimUoX/ixoUibv0Td/6NaTuCih64cDjnXu69x4s4k8q2P4zMyura+kZ2M7e1vbO7Z+4ftGQYC0KbJOSh6HhYUs4C2lRMcdqJBMW+x2nbG1/O/faECsnC4E5NI+r6+D5gQ0aw0lLfNHuK+VQW0OlNAZ1dF4t9M29bVcexHQfalr2AJiVUK1cQRKmSBykaffO9NwhJ7NNAEY6l7CI7Um6ChWKE01muF0saYTLG97SraYD1OjdZXD6DJ1oZwGEodAUKLtTvEwn2pZz6nu70sRrJ395c/MvrxmpYcxMWRLGiAVkuGsYcqhDOY4ADJihRfKoJJoLpWyEZYYGJ0mHldAhfn8L/SevcQhWrfFvK1y/SOLLgCByDAkCgCurgCjRAExAwAQ/gCTwbifFovBivy9aMkc4cgh8w3j4BKHmSEg==</latexit>

⇥(1 +O(1/N))
<latexit sha1_base64="OReORmzlGTr6cgZz++TJP6isc8A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1tij5k=</latexit>

h
<latexit sha1_base64="VCCmQJoMD4/exv3WXR9Wvr5qyVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2SYj58=</latexit>

i
<latexit sha1_base64="ML/g22GNQZiiRxkdgg961yAk7uY=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdRGCXjxGMA9IljA76U2GzM6uM7NCWPITXjwo4tXf8ebfOEn2oIkFDUVVN91dQSK4Nq777Swtr6yurRc2iptb2zu7pb39ho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGtxO/+YRK81g+mFGCfkT7koecUWOl1nVHUNkX2C2V3Yo7BVkkXk7KkKPWLX11ejFLI5SGCap123MT42dUGc4EjoudVGNC2ZD2sW2ppBFqP5veOybHVumRMFa2pCFT9fdERiOtR1FgOyNqBnrem4j/ee3UhFd+xmWSGpRstihMBTExmTxPelwhM2JkCWWK21sJG1BFmbERFW0I3vzLi6RxWvEuKuf3Z+XqTR5HAQ7hCE7Ag0uowh3UoA4MBDzDK7w5j86L8+58zFqXnHzmAP7A+fwB3nGP4A==</latexit>

= h
<latexit sha1_base64="r1kQBs7hT1o8XiM8iY5olrPbnvA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6GG4q+4caGIW//DnX/jNM1CWw8MnHvOvdw7J0g4U9pxvq3S0vLK6lp5vbKxubW9Y+/utVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjG6mfvuBSsVica/HCfUjPBAsZARrI/XsA09iMeDU0yyiyuN50bOrTs3JgRaJW5AqFGj07C+vH5M0okITjpXquk6i/QxLzQink4qXKppgMsID2jVUYLPLz/LrJ+jYKH0UxtI8oVGu/p7IcKTUOApMZ4T1UM17U/E/r5vq8MrPmEhSTQWZLQpTjnSMplGgPpOUaD42BBPJzK2IDLHERJvAKiYEd/7Li6R1WnMvaud3Z9X6dRFHGQ7hCE7AhUuowy00oAkEHuEZXuHNerJerHfrY9ZasoqZffgD6/MHC7KVnw==</latexit>

i ⇥ h
<latexit sha1_base64="VCCmQJoMD4/exv3WXR9Wvr5qyVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2SYj58=</latexit>

i



Bootstrap Axiom III

❖ Boundary spectrum  

• Infinite straight-line breaks conformal symmetry to 

• Quantum number:  scaling dimension       and transverse spin 

• CPT invariance: 

• Input:  lowest primary spectrum 

• Notation:                             and 

<latexit sha1_base64="UqPrKqDFoMLJUeVRkHL0Wh6vY2E=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahBSlJKeqy6MaFi/pIW2hCmUyn7dDJJMxMhBK6ceOvuHGhiFv/wZ1/46TNQlsPXDiccy/33uNHjEplWd9Gbml5ZXUtv17Y2Nza3jF395oyjAUmDg5ZKNo+koRRThxFFSPtSBAU+Iy0/NFl6rceiJA05PdqHBEvQANO+xQjpaWueXh3XaqeJG6A1ND34e2k7CoaEAmdkl3umkWrYk0BF4mdkSLI0OiaX24vxHFAuMIMSdmxrUh5CRKKYkYmBTeWJEJ4hAakoylHepOXTL+YwGOt9GA/FLq4glP190SCAinHga8702vlvJeK/3mdWPXPvYTyKFaE49mifsygCmEaCexRQbBiY00QFlTfCvEQCYSVDq6gQ7DnX14kzWrFPq3UbmrF+kUWRx4cgCNQAjY4A3VwBRrAARg8gmfwCt6MJ+PFeDc+Zq05I5vZB39gfP4ApqCWww==</latexit>

SL(2,R)⇥ U(1)

<latexit sha1_base64="LQxUP5vN33bpXHfjKZ3JmROFUHE=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GNRDx4r2A9oQ9lsJ+3aTTbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNCrVHBpcSaXbATMgRQwNFCihnWhgUSChFYxupn7rCbQRKn7AcQJ+xAaxCAVnaKVm9xYksl654lbdGegy8XJSITnqvfJXt694GkGMXDJjOp6boJ8xjYJLmJS6qYGE8REbQMfSmEVg/Gx27YSeWKVPQ6VtxUhn6u+JjEXGjKPAdkYMh2bRm4r/eZ0Uwys/E3GSIsR8vihMJUVFp6/TvtDAUY4tYVwLeyvlQ6YZRxtQyYbgLb68TJpnVe+ien5/Xqld53EUyRE5JqfEI5ekRu5InTQIJ4/kmbySN0c5L8678zFvLTj5zCH5A+fzB2N6jwU=</latexit>

�
<latexit sha1_base64="I2EnglkAuTqI9OZxElDDgEuBRQE=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4CmlMl00g6dTMLMjVBCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZrwfkRHSoSCUbSS70cUx6Gmk8zMBtWaW3fnIKvEK0gNCjQH1S9/GLM04gqZpMb0PDfBfkY1Cib5rOKnhieUTeiI9yxVNOKmn80zz8iZVYYkjLV9Cslc/b2R0ciYaRTYyTyjWfZy8T+vl2J408+ESlLkii0OhakkGJO8ADIUmjOUU0so08JmJWxMNWVoa6rYErzlL6+S9kXdu6pfPlzWGrdFHWU4gVM4Bw+uoQH30IQWMEjgGV7hzUmdF+fd+ViMlpxi5xj+wPn8AZi/khA=</latexit>s

<latexit sha1_base64="UOFb29wDqMVYjPqEmAX4PJkSdcc=">AAACHXicbVDJSgNBFOxxjXGLevTSGIQEYpyJcbkIQT14M4JZIBPCm05P0qRnobtHCEN+xIu/4sWDIh68iH9jZxE0saChqKpHv1dOyJlUpvllzM0vLC4tJ1aSq2vrG5upre2qDCJBaIUEPBB1ByTlzKcVxRSn9VBQ8BxOa07vcujX7qmQLPDvVD+kTQ86PnMZAaWlVqqYsa8oV9CKbQIc3wxytgeq6wroxXKQPc8UDsaB3NHhD822Umkzb46AZ4k1IWk0QbmV+rDbAYk86ivCQcqGZYaqGYNQjHA6SNqRpCGQHnRoQ1MfPCqb8ei6Ad7XShu7gdDPV3ik/p6IwZOy7zk6OVxdTntD8T+vESn3rBkzP4wU9cn4IzfiWAV4WBVuM0GJ4n1NgAimd8WkCwKI0oUmdQnW9MmzpFrIWyf549tiunQxqSOBdtEeyiALnaISukZlVEEEPaAn9IJejUfj2Xgz3sfROWMys4P+wPj8BoVQoE0=</latexit>

(�O, s) = (2��, 3/2��)

<latexit sha1_base64="ewyyg2rG3ZwzZN6QiOV7UN8H1lE="></latexit>

(�O, s) = (�, 1/2��)

<latexit sha1_base64="nXuL7F2vQgla5ELC+u/I9yn5IdI=">AAAB9XicdVDLSsNAFJ3UV62vqks3g0VwISFJn+6KunBZwbZCEstkOmmHTiZhZqKU0v9w40IRt/6LO//GSVtBRQ9cOJxzL/feEySMSmVZH0ZuaXlldS2/XtjY3NreKe7udWScCkzaOGaxuAmQJIxy0lZUMXKTCIKigJFuMDrP/O4dEZLG/FqNE+JHaMBpSDFSWrr1LghTyKPctU5sv1csWeZpo+ZUHWiZllV3yrWMOPWKU4a2VjKUwAKtXvHd68c4jQhXmCEpXdtKlD9BQlHMyLTgpZIkCI/QgLiachQR6U9mV0/hkVb6MIyFLq7gTP0+MUGRlOMo0J0RUkP528vEvzw3VWHDn1CepIpwPF8UpgyqGGYRwD4VBCs21gRhQfWtEA+RQFjpoAo6hK9P4f+k45h2zaxeVUrNs0UceXAADsExsEEdNMElaIE2wECAB/AEno1749F4MV7nrTljMbMPfsB4+wTIXZIS</latexit>

� 2 [0, 1]

<latexit sha1_base64="JACZA7mFWpUbgf9r+RzaEZ7qyfI=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZL06UIo6sJlBfuAJpTJdNoOnWTCzKRQQv/EjQtF3Pon7vwbJ20FFT0wcDjnXO6dE8SMSmXbH0ZubX1jcyu/XdjZ3ds/MA+P2pInApMW5oyLboAkYTQiLUUVI91YEBQGjHSCyXXmd6ZESMqjezWLiR+iUUSHFCOlpb5pejeEKXSZOh7XOXfeN4u2dVGvuhUX2pZt19xSNSNureyWoKOVDEWwQrNvvnsDjpOQRAozJGXPsWPlp0goihmZF7xEkhjhCRqRnqYRCon008Xlc3imlQEccqFfpOBC/T6RolDKWRjoZIjUWP72MvEvr5eoYd1PaRQnikR4uWiYMKg4zGqAAyoIVmymCcKC6lshHiOBsNJlFXQJXz+F/5O2azlVq3JXLjauVnXkwQk4BefAATXQALegCVoAgyl4AE/g2UiNR+PFeF1Gc8Zq5hj8gPH2CW3nk48=</latexit>

� =
1

2

<latexit sha1_base64="MyqYuZ/e1+XjPlfeKAw3UXb/4Wo=">AAACCnicbVDJSgNBEK1xjXEb9eilNQgJSJgRt2PQizcjmAUyY+jp9CRNeha6e4QwzNmLv+LFgyJe/QJv/o2d5RATHxS8fq+KrnpezJlUlvVjLCwuLa+s5tby6xubW9vmzm5dRokgtEYiHommhyXlLKQ1xRSnzVhQHHicNrz+9dBvPFIhWRTeq0FM3QB3Q+YzgpWW2uaBk6YOwRzdZg9p0Splx1NPu5Q5WdssWGVrBDRP7AkpwATVtvntdCKSBDRUhGMpW7YVKzfFQjHCaZZ3EkljTPq4S1uahjig0k1Hp2ToSCsd5EdCV6jQSJ2eSHEg5SDwdGeAVU/OekPxP6+VKP/STVkYJ4qGZPyRn3CkIjTMBXWYoETxgSaYCKZ3RaSHBSZKp5fXIdizJ8+T+knZPi+f3Z0WKleTOHKwD4dQBBsuoAI3UIUaEHiCF3iDd+PZeDU+jM9x64IxmdmDPzC+fgFhfJlw</latexit>

{O
(0),O(1)

}

<latexit sha1_base64="LIFaVUsCXLxv0JqBm9SXinawm88=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0VoQUsi9bEsunFnBfuAJpbJdNIOnWTCzEQoIT/ixl9x40IRF27Ev3HSdqFtDwwczjmXO/d4EaNSWdaPkVtaXlldy68XNja3tnfM3b2m5LHApIE546LtIUkYDUlDUcVIOxIEBR4jLW94nfmtRyIk5eG9GkXEDVA/pD7FSGmpa1adxOE6kM0nDkYM3qYPSckqp8eL9BO7nDpp1yxaFWsMOE/sKSmCKepd88vpcRwHJFSYISk7thUpN0FCUcxIWnBiSSKEh6hPOpqGKCDSTcbXpfBIKz3oc6FfqOBY/TuRoEDKUeDpZIDUQM56mbjI68TKv3QTGkaxIiGeLPJjBhWHWVWwRwXBio00QVhQ/VeIB0ggrHShBV2CPXvyPGmeVuzzytldtVi7mtaRBwfgEJSADS5ADdyAOmgADJ7AC3gD78az8Wp8GJ+TaM6YzuyDfzC+fwEHuaHb</latexit>

{O
(0)

,O
(�1)

}

transverse spin @ free boson point
<latexit sha1_base64="ORhgeIRTwmqwVkXx5jwkS0Xkujg=">AAACAHicdVDLSgMxFM3UV62vURcu3ASLIChlZvp0V3TjsoK1hc4wZNJMG5p5kGSEMszGX3HjQhG3foY7/8ZMW0FFDwROzrn3Jvd4MaNCGsaHVlhaXlldK66XNja3tnf03b1bESUcky6OWMT7HhKE0ZB0JZWM9GNOUOAx0vMml7nfuyNc0Ci8kdOYOAEahdSnGEklufqBndrxmJ7ZMeKSIuae5lc7c/WyUTlvNay6BY2KYTStaiMnVrNmVaGplBxlsEDH1d/tYYSTgIQSMyTEwDRi6aT5VMxIVrITQWKEJ2hEBoqGKCDCSWcLZPBYKUPoR1ydUMKZ+r0jRYEQ08BTlQGSY/Hby8W/vEEi/ZaT0jBOJAnx/CE/YVBGME8DDiknWLKpIghzqv4K8RhxhKXKrKRC+NoU/k9urYrZqNSva+X2xSKOIjgER+AEmKAJ2uAKdEAXYJCBB/AEnrV77VF70V7npQVt0bMPfkB7+wQghJbI</latexit>

{�, @+�}
<latexit sha1_base64="sc2Ci+i/8nGuvqrMhW8fXfqAo/I="></latexit>

{�†, @��
†}



❖ Implications 
• Lowest dim adjoint operator on the line:  

• RG flow on the line: 

• Straight line VEV: similar to 2pt function 

• Deformed line: list all possible operators, fix coefficients by the axioms

Bootstrap Axiom III

<latexit sha1_base64="Alh0zTAPcPu93kryANg0Wmn/v7g="></latexit>

Obi-scalar ⌘ O
(0)

⇥O
(0)

,
<latexit sha1_base64="SyT3c52dNK5TGDpw+K1p8tjGFug=">AAACCHicbVC7SgNREL3rM8bXqqWFi0GwMeyKr0YQtbCMYFTILmH2ZqKX3H1w76wYlpQ2/oqNhSK2foKdf+NN3EITDwwczplhZk6YSqHJdb+ssfGJyanp0kx5dm5+YdFeWr7USaY41nkiE3UdgkYpYqyTIInXqUKIQolXYeek71/dodIiiS+om2IQwU0s2oIDGalpr/mnKAmaPuE95aHY0hwkqN7hdmHYFbfqDuCMEq8gFVag1rQ//VbCswhj4hK0bnhuSkEOigSX2Cv7mcYUeAdusGFoDBHqIB880nM2jNJy2okyFZMzUH9P5BBp3Y1C0xkB3ephry/+5zUyah8EuYjTjDDmP4vamXQocfqpOC2hkJPsGgJcCXOrw29BASeTXdmE4A2/PEout6veXnX3fKdydFzEUWKrbJ1tMo/tsyN2xmqszjh7YE/shb1aj9az9Wa9/7SOWcXMCvsD6+Mbug2ZzA==</latexit>

�bi-scalar = 2�

<latexit sha1_base64="zpAmEJiAQg39hzyigg5ZxLpMsxQ=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTia1l047KCfUAbwmQ6aYdOJmHmRltiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufeeIBFcg+N8W4WV1bX1jeJmaWt7Z3fPLu83dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDm6nfemBK81jewzhhXkT6koecEjCSb5dHfhfYCDINivD+ACa+XXGqzgx4mbg5qaAcdd/+6vZimkZMAhVE647rJOBlRAGngk1K3VSzhNAh6bOOoZJETHvZ7PQJPjZKD4exMiUBz9TfExmJtB5HgemMCAz0ojcV//M6KYRXXsZlkgKTdL4oTAWGGE9zwD2uGAUxNoRQxc2tmA6IIhRMWiUTgrv48jJpnlbdi+r53Vmldp3HUUSH6AidIBddohq6RXXUQBQ9omf0it6sJ+vFerc+5q0FK585QH9gff4AVBSUtQ==</latexit>xstraight

<latexit sha1_base64="OReORmzlGTr6cgZz++TJP6isc8A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1tij5k=</latexit>

h
<latexit sha1_base64="VCCmQJoMD4/exv3WXR9Wvr5qyVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2SYj58=</latexit>

i

<latexit sha1_base64="mhfOZytgyFOCZFgzneuPC/CR0dk=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakSxGusYGGjSPQhNaFyXKe16tiR7SBVURZ+hYUBhFj5DDb+BqfNAC1HsnR0zj26vieIGVXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUhMmlgwITsBUoRRTpqaakY6sSQoChhpB6Pr3G8/Eqmo4Pd6HBM/QgNOQ4qRNlLP3veEsfN06mHE4G32kFbZcdazK07NmQDOE7cgFVCg0bO/vL7ASUS4xgwp1XWdWPspkppiRrKylygSIzxCA9I1lKOIKD+dHJDBI6P0YSikeVzDifo7kaJIqXEUmMkI6aGa9XLxP6+b6PDSTymPE004ni4KEwa1gHkbsE8lwZqNDUFYUvNXiIdIIqxNZ2VTgjt78jxpndTc89rZ3WmlflXUUQIH4BBUgQsuQB3cgAZoAgwy8AxewZv1ZL1Y79bHdHTBKjJ74A+szx+L7ZZh</latexit>

O
(l) <latexit sha1_base64="NLpbpaKgZLCrzLnbKeVe2nHOsS0=">AAAB+HicbVDLTsJAFL3FF+KDqks3E4kRN6Q1vpZEN+7ERB4JVDIdBpgwnTYzUxNs+iVuXGiMWz/FnX/jAF0oeJKbnJxzb+69x484U9pxvq3c0vLK6lp+vbCxubVdtHd2GyqMJaF1EvJQtnysKGeC1jXTnLYiSXHgc9r0R9cTv/lIpWKhuNfjiHoBHgjWZwRrI3XtYtIhmKPb9CEp86PjtGuXnIozBVokbkZKkKHWtb86vZDEARWacKxU23Ui7SVYakY4TQudWNEIkxEe0LahAgdUecn08BQdGqWH+qE0JTSaqr8nEhwoNQ580xlgPVTz3kT8z2vHun/pJUxEsaaCzBb1Y450iCYpoB6TlGg+NgQTycytiAyxxESbrAomBHf+5UXSOKm455Wzu9NS9SqLIw/7cABlcOECqnADNagDgRie4RXerCfrxXq3PmatOSub2YM/sD5/AK+skng=</latexit>

O
(l0) <latexit sha1_base64="KBrsQVVozH73sNN4eX1Xqez2Sh0="></latexit>

= cl �l0,�l��l0 ,�l

(n+/n0+)sl

|x|2�l



First Order Variation

❖ General non-straight line: evolution equation 

• Expanding the mesonic line:                               around straight-line 

• Expanding the Wilson line:                                

• Displacement operator:                                                 unique 

• Chiral operator: perturbatively from EOM         

<latexit sha1_base64="rulMRinRZSWy2Jr8AvJmzpL4Qw4=">AAACCnicbVBLSwMxGMzWV62vVY9eokWoCGVXFD0WvXisYB/QXUo2m21Dk82SZItl6dmLf8WLB0W8+gu8+W9M2xW0OhCYzHwfyUyQMKq043xahYXFpeWV4mppbX1jc8ve3mkqkUpMGlgwIdsBUoTRmDQ01Yy0E0kQDxhpBYOrid8aEqmoiG/1KCE+R72YRhQjbaSuvX9X8XAo9JHHUaK0gN/342FOunbZqTpTwL/EzUkZ5Kh37Q8vFDjlJNaYIaU6rpNoP0NSU8zIuOSliiQID1CPdAyNESfKz6ZRxvDQKCGMhDQn1nCq/tzIEFdqxAMzyZHuq3lvIv7ndVIdXfgZjZNUkxjPHopSBk3kSS8wpJJgzUaGICyp+SvEfSQR1qa9kinBnY/8lzRPqu5Z1bk5Ldcu8zqKYA8cgApwwTmogWtQBw2AwT14BM/gxXqwnqxX6202WrDynV3wC9b7F7NImZ8=</latexit>

x(·) 7! x(·) + v(·)

<latexit sha1_base64="XYgNYdIoc8s7yp7WaUuomPNyD6k="></latexit>

�W =

Z
ds |ẋ(s)| vµ(s)P [Dµ(s)W]

<latexit sha1_base64="ro7I0WUSWnZfidt+30QcdAU551I="></latexit>

) �(D±) = 2 , s(D±) = ±1

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="NIhbVjOq0aC8E0ub+FVrobJQZmo=">AAACJHicbVBJS8NAGJ241rpFPXoZLEJ7aEnEDaRQ1IM3K9gFmhgm02k7dLIwMxFKyI/x4l/x4sEFD178LU7aHGrrg4HHe98y33NDRoU0jG9tYXFpeWU1t5Zf39jc2tZ3dpsiiDgmDRywgLddJAijPmlIKhlph5wgz2Wk5Q6vUr/1SLiggX8vRyGxPdT3aY9iJJXk6Bex5SE5cF14nTjlamxhxOBt8hAXjVJiSeoRYQVqQDp/yiybpaTq6AWjYowB54mZkQLIUHf0D6sb4MgjvsQMCdExjVDaMeKSYkaSvBUJEiI8RH3SUdRHarsdj49M4KFSurAXcPV8CcfqdEeMPCFGnqsq04vErJeK/3mdSPbO7Zj6YSSJjyeLehGDMoBpYrBLOcGSjRRBmFP1V4gHiCMsVa55FYI5e/I8aR5VzNPKyd1xoXaZxZED++AAFIEJzkAN3IA6aAAMnsALeAPv2rP2qn1qX5PSBS3r2QN/oP38AqOVpC8=</latexit>

D� = O
(0)

⇥O
(�1)

=
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="7Brlvj96OgImOOuoLPUvA/V0YU0=">AAACI3icbVBJS8NAGJ3UrdYt6tHLYBFahJKIG0KhqAdvVrALNDFMptN26GRhZiKUkP/ixb/ixYNSvHjwvzhpc6itDwYe733LfM8NGRXSML613NLyyupafr2wsbm1vaPv7jVFEHFMGjhgAW+7SBBGfdKQVDLSDjlBnstIyx3epH7rmXBBA/9RjkJie6jv0x7FSCrJ0a9iy0Ny4LrwNnGOq7GFEYP3yVNcMsuJJalHhBWoAen8GdMoJ1VHLxoVYwK4SMyMFEGGuqOPrW6AI4/4EjMkRMc0QmnHiEuKGUkKViRIiPAQ9UlHUR+p5XY8uTGBR0rpwl7A1fMlnKizHTHyhBh5rqpMDxLzXir+53Ui2bu0Y+qHkSQ+ni7qRQzKAKaBwS7lBEs2UgRhTtVfIR4gjrBUsRZUCOb8yYukeVIxzytnD6fF2nUWRx4cgENQAia4ADVwB+qgATB4AW/gA3xqr9q7Nta+pqU5LevZB3+g/fwCIgij9g==</latexit>

D+ = O
(1)

⇥O
(0)

=
normalization convention

<latexit sha1_base64="Xcx6uXJiGkanQKGKSkI6APtO8tU=">AAACGHicbVDLSgMxFM34tr6qLt0EiyAu6oz4WoqKuFSwttCpJZPemQYzk5DcUUrxM9z4K25cKOLWnX9j+lio9UDgcM653NwTaSks+v6XNzY+MTk1PTNbmJtfWFwqLq9cW5UbDhWupDK1iFmQIoMKCpRQ0wZYGkmoRrcnPb96B8YKlV1hR0MjZUkmYsEZOqlZ3N46C7VRGhUNdVuEyoUlxGhE0kZmjLqnpz3jJmyxJAHTLJb8st8HHSXBkJTIEBfN4mfYUjxPIUMumbX1wNfY6DKDgkt4KIS5Bc34LUug7mjGUrCNbv+wB7rhlBaNlXEvQ9pXf050WWptJ41cMmXYtn+9nvifV88xPmx0RaZzhIwPFsW5pK6GXku0JQxwlB1HGDfC/ZXyNjOMo+uy4EoI/p48Sq53ysF+ee9yt3R0PKxjhqyRdbJJAnJAjsg5uSAVwskjeSav5M178l68d+9jEB3zhjOr5Be8z2/SdqDp</latexit>

⇤F / �
 !
D �†



❖ Expanding the boundary operator 

First Order Variation

Higher dim operators: 
more and more irrelevant 

“path variation” 

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="6GyquHGOCFipBEi1x2SFWU2CBgk=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WooCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/cwbrOTj2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QM1MZIY</latexit>

(�� )

<latexit sha1_base64="XEN/QRWu7lXmZNd9N8hDdR/+j8Q=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2iyGQxrAbn40QooVlBPOAbAyzk5tkyOzMMjMrhCVfYOOv2FgoYmtt5984eRSaeGDgcM653LkniBhV2nW/rdTS8srqWno9s7G5tb1j7+7VlIglgSoRTMhGgBUwyqGqqWbQiCTgMGBQDwZXY7/+AFJRwe/0MIJWiHucdinB2khtO3eZeL4wCR8iRZng98nxUdG/BqbxaOSXaS8ftN22nXUL7gTOIvFmJItmqLTtL78jSBwC14RhpZqeG+lWgqWmhMEo48cKIkwGuAdNQzkOQbWSyTkjJ2eUjtMV0jyunYn6eyLBoVLDMDDJEOu+mvfG4n9eM9bdi1ZCeRRr4GS6qBszRwtn3I3ToRKIZkNDMJHU/NUhfSwx0abBjCnBmz95kdSKBe+scHp7ki2VZ3Wk0QE6RHnkoXNUQjeogqqIoEf0jF7Rm/VkvVjv1sc0mrJmM/voD6zPH2Iom7A=</latexit>

=
1

✏3�2�

⇣
b0

<latexit sha1_base64="EVQJacEGMinmpjBToBRckK/PJZo=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIglIS38uiG5cV7AOaECaTm3boZBJmJkKJXfgrblwo4tbfcOffOG2z0OqBC4dz7uXee4KUUals+8sozc0vLC6Vlysrq2vrG+bmVksmmSDQJAlLRCfAEhjl0FRUMeikAnAcMGgHg+ux374HIWnC79QwBS/GPU4jSrDSkm/uHAa+40IqKUu4e+SGwBT2T3yzatfsCay/xClIFRVo+OanGyYki4ErwrCUXcdOlZdjoShhMKq4mYQUkwHuQVdTjmOQXj65f2TtayW0okTo4sqaqD8nchxLOYwD3Rlj1Zez3lj8z+tmKrr0csrTTAEn00VRxiyVWOMwrJAKIIoNNcFEUH2rRfpYYKJ0ZBUdgjP78l/SOq4557Wz29Nq/aqIo4x20R46QA66QHV0gxqoiQh6QE/oBb0aj8az8Wa8T1tLRjGzjX7B+PgGE8OVhA==</latexit>

+b1✏ �3
<latexit sha1_base64="NbcbM5HeJtyRE40ArtNWADDyTsk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFahDJTfC1L3bizgn1AZyyZNG1DM8mQZIRhqL/ixoUibv0Qd/6NaTsLbT1w4XDOvdx7TxAxqrTjfFsrq2vrG5u5rfz2zu7evn1w2FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv/1IpKKC3+skIn6IhpwOKEbaSD27cHpb8kikKBP8oVr26nRY7tlFp+LMAJeJm5EiyNDo2V9eX+A4JFxjhpTquk6k/RRJTTEjk7wXKxIhPEZD0jWUo5AoP50dP4EnRunDgZCmuIYz9fdEikKlkjAwnSHSI7XoTcX/vG6sB1d+SnkUa8LxfNEgZlALOE0C9qkkWLPEEIQlNbdCPEISYW3yypsQ3MWXl0mrWnEvKud3Z8VaPYsjB47AMSgBF1yCGrgBDdAEGCTgGbyCN+vJerHerY9564qVzRTAH1ifPwO2k7s=</latexit>

+O(✏2)
⌘

different anomalous dimension

scheme dependent

longitudinal path variation

more irrelevant

<latexit sha1_base64="XYrYYIsj+EuxRSIVd1rfnPLM/AI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBeWRHxthKIbd1awD2himEwm7dDJJMxMhBKy8VfcuFDErZ/hzr9x2mah1QMXDufcy733+AmjUlnWl1Gam19YXCovV1ZW19Y3zM2ttoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84dXY7zwQIWnM79QoIW6E+pyGFCOlJc/ccQLCFPIOMwcjBm/y+6xmH+QXnlm16tYE8C+xC1IFBZqe+ekEMU4jwhVmSMqebSXKzZBQFDOSV5xUkgThIeqTnqYcRUS62eSBHO5rJYBhLHRxBSfqz4kMRVKOIl93RkgN5Kw3Fv/zeqkKz92M8iRVhOPpojBlUMVwnAYMqCBYsZEmCAuqb4V4gATCSmdW0SHYsy//Je2jun1aP7k9rjYuizjKYBfsgRqwwRlogGvQBC2AQQ6ewAt4NR6NZ+PNeJ+2loxiZhv8gvHxDU7BlZU=</latexit>

��O
(1) =

❖ Example 



❖  are counter terms: cancel bulk divergence near the boundarybn

First Order Variation

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="6GyquHGOCFipBEi1x2SFWU2CBgk=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WooCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/cwbrOTj2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QM1MZIY</latexit>

(�� )

<latexit sha1_base64="XEN/QRWu7lXmZNd9N8hDdR/+j8Q=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2iyGQxrAbn40QooVlBPOAbAyzk5tkyOzMMjMrhCVfYOOv2FgoYmtt5984eRSaeGDgcM653LkniBhV2nW/rdTS8srqWno9s7G5tb1j7+7VlIglgSoRTMhGgBUwyqGqqWbQiCTgMGBQDwZXY7/+AFJRwe/0MIJWiHucdinB2khtO3eZeL4wCR8iRZng98nxUdG/BqbxaOSXaS8ftN22nXUL7gTOIvFmJItmqLTtL78jSBwC14RhpZqeG+lWgqWmhMEo48cKIkwGuAdNQzkOQbWSyTkjJ2eUjtMV0jyunYn6eyLBoVLDMDDJEOu+mvfG4n9eM9bdi1ZCeRRr4GS6qBszRwtn3I3ToRKIZkNDMJHU/NUhfSwx0abBjCnBmz95kdSKBe+scHp7ki2VZ3Wk0QE6RHnkoXNUQjeogqqIoEf0jF7Rm/VkvVjv1sc0mrJmM/voD6zPH2Iom7A=</latexit>

=
1

✏3�2�

⇣
b0

<latexit sha1_base64="EVQJacEGMinmpjBToBRckK/PJZo=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIglIS38uiG5cV7AOaECaTm3boZBJmJkKJXfgrblwo4tbfcOffOG2z0OqBC4dz7uXee4KUUals+8sozc0vLC6Vlysrq2vrG+bmVksmmSDQJAlLRCfAEhjl0FRUMeikAnAcMGgHg+ux374HIWnC79QwBS/GPU4jSrDSkm/uHAa+40IqKUu4e+SGwBT2T3yzatfsCay/xClIFRVo+OanGyYki4ErwrCUXcdOlZdjoShhMKq4mYQUkwHuQVdTjmOQXj65f2TtayW0okTo4sqaqD8nchxLOYwD3Rlj1Zez3lj8z+tmKrr0csrTTAEn00VRxiyVWOMwrJAKIIoNNcFEUH2rRfpYYKJ0ZBUdgjP78l/SOq4557Wz29Nq/aqIo4x20R46QA66QHV0gxqoiQh6QE/oBb0aj8az8Wa8T1tLRjGzjX7B+PgGE8OVhA==</latexit>

+b1✏ �3
<latexit sha1_base64="NbcbM5HeJtyRE40ArtNWADDyTsk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFahDJTfC1L3bizgn1AZyyZNG1DM8mQZIRhqL/ixoUibv0Qd/6NaTsLbT1w4XDOvdx7TxAxqrTjfFsrq2vrG5u5rfz2zu7evn1w2FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv/1IpKKC3+skIn6IhpwOKEbaSD27cHpb8kikKBP8oVr26nRY7tlFp+LMAJeJm5EiyNDo2V9eX+A4JFxjhpTquk6k/RRJTTEjk7wXKxIhPEZD0jWUo5AoP50dP4EnRunDgZCmuIYz9fdEikKlkjAwnSHSI7XoTcX/vG6sB1d+SnkUa8LxfNEgZlALOE0C9qkkWLPEEIQlNbdCPEISYW3yypsQ3MWXl0mrWnEvKud3Z8VaPYsjB47AMSgBF1yCGrgBDdAEGCTgGbyCN+vJerHerY9564qVzRTAH1ifPwO2k7s=</latexit>

+O(✏2)
⌘

different anomalous dimension

scheme dependent

longitudinal path variation

more irrelevant

<latexit sha1_base64="XYrYYIsj+EuxRSIVd1rfnPLM/AI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBeWRHxthKIbd1awD2himEwm7dDJJMxMhBKy8VfcuFDErZ/hzr9x2mah1QMXDufcy733+AmjUlnWl1Gam19YXCovV1ZW19Y3zM2ttoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84dXY7zwQIWnM79QoIW6E+pyGFCOlJc/ccQLCFPIOMwcjBm/y+6xmH+QXnlm16tYE8C+xC1IFBZqe+ekEMU4jwhVmSMqebSXKzZBQFDOSV5xUkgThIeqTnqYcRUS62eSBHO5rJYBhLHRxBSfqz4kMRVKOIl93RkgN5Kw3Fv/zeqkKz92M8iRVhOPpojBlUMVwnAYMqCBYsZEmCAuqb4V4gATCSmdW0SHYsy//Je2jun1aP7k9rjYuizjKYBfsgRqwwRlogGvQBC2AQQ6ewAt4NR6NZ+PNeJ+2loxiZhv8gvHxDU7BlZU=</latexit>

��O
(1) =

❖ Example 

<latexit sha1_base64="6JvA5TXxlzx1N/3Csk8aiB6p524=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSTi17HoxWMFawttKJvtpl26uwm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvTAQ36HnfTmlldW19o7xZ2dre2d2r7h88mjjVlLVoLGLdCYlhgivWQo6CdRLNiAwFa4fj29xvPzFteKwecJKwQJKh4hGnBHOpxxX2qzWv7s3gLhO/IDUo0OxXv3qDmKaSKaSCGNP1vQSDjGjkVLBppZcalhA6JkPWtVQRyUyQzW6duidWGbhRrG0pdGfq74mMSGMmMrSdkuDILHq5+J/XTTG6DjKukhSZovNFUSpcjN38cXfANaMoJpYQqrm91aUjoglFG0/FhuAvvrxMHs/q/mX94v681rgp4ijDERzDKfhwBQ24gya0gMIInuEV3hzpvDjvzse8teQUM4fwB87nDyXojlM=</latexit>Z
<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>� <latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="bgbeduhuoZ7SDiwC75hjCwChegM=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkWoKCURX8uiG3dWsA9oYplMJ+3QyUyYmSgl9D/cuFDErf/izr9x2mahrQcuHM65l3vvCWJGlXacbyu3sLi0vJJfLaytb2xuFbd3GkokEpM6FkzIVoAUYZSTuqaakVYsCYoCRprB4HrsNx+JVFTwez2MiR+hHqchxUgb6eHIO74teyRWlAl+2CmWnIozgT1P3IyUIEOtU/zyugInEeEaM6RU23Vi7adIaooZGRW8RJEY4QHqkbahHEVE+enk6pF9YJSuHQppimt7ov6eSFGk1DAKTGeEdF/NemPxP6+d6PDSTymPE004ni4KE2ZrYY8jsLtUEqzZ0BCEJTW32riPJMLaBFUwIbizL8+TxknFPa+c3Z2WqldZHHnYg30ogwsXUIUbqEEdMEh4hld4s56sF+vd+pi25qxsZhf+wPr8AUALkbk=</latexit>

+O(✏)
<latexit sha1_base64="Q5rSpMP1AExGmqgUS/PXDO6GjA8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLopSTi17HUi8cKpi20oWy2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDu6nffOLaiEQ94ijlQUz7SkSCUbSS36mJ/nm3VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0G4yFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjYuKd125ergsV2t5HAU4hhM4Aw9uoAr3UAcfGAh4hld4c5Tz4rw7H/PWFSefOYI/cD5/ADOtjk0=</latexit>⌘<latexit sha1_base64="Q5rSpMP1AExGmqgUS/PXDO6GjA8=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLopSTi17HUi8cKpi20oWy2m3bpZhN2J0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemEph0HW/nZXVtfWNzcJWcXtnd2+/dHDYMEmmGfdZIhPdCqnhUijuo0DJW6nmNA4lb4bDu6nffOLaiEQ94ijlQUz7SkSCUbSS36mJ/nm3VHYr7gxkmXg5KUOOerf01eklLIu5QiapMW3PTTEYU42CST4pdjLDU8qGtM/blioacxOMZ8dOyKlVeiRKtC2FZKb+nhjT2JhRHNrOmOLALHpT8T+vnWF0G4yFSjPkis0XRZkkmJDp56QnNGcoR5ZQpoW9lbAB1ZShzadoQ/AWX14mjYuKd125ergsV2t5HAU4hhM4Aw9uoAr3UAcfGAh4hld4c5Tz4rw7H/PWFSefOYI/cD5/ADOtjk0=</latexit>⌘

<latexit sha1_base64="hil0mC6r1SSePhFug6W/priAiRw=">AAACFnicbVC7SgNBFJ2N7/iKWtoMBsEmYTc+G0HUwlLFqJANy93JJBkyu7OZuauEJV9h46/YWChiK3b+jZOYwteBgcM593DnnjCRwqDrfji5sfGJyanpmfzs3PzCYmFp+dKoVDNeZUoqfR2C4VLEvIoCJb9ONIcolPwq7BwN/Ksbro1Q8QX2El6PoBWLpmCAVgoKJf9ctNoIWqtbv9tNoUHDwN0vZSzISl7fVza8War4x1wi9INC0S27Q9C/xBuRIhnhNCi8+w3F0ojHyCQYU/PcBOsZaBRM8n7eTw1PgHWgxWuWxhBxU8+GZ/XpulUatKm0fTHSofo9kUFkTC8K7WQE2Da/vYH4n1dLsblXz0ScpMhj9rWomUqKig46og2hOUPZswSYFvavlLVBA0PbZN6W4P0++S+5rJS9nfL22Vbx4HBUxzRZJWtkg3hklxyQE3JKqoSRO/JAnsizc+88Oi/O69dozhllVsgPOG+feEWe7w==</latexit>

) b0 = � c�1

3� 2�

<latexit sha1_base64="EQbXy8Bx9IrV4AF+2/a64QWbmZ8=">AAACFXicbVDLSgMxFM34rPVVdelmsAgVbJmpz2VRFy4r2Ad0asmkt21oJhmSjFCG+Qk3/oobF4q4Fdz5N6YPRFsPBA7nnMvNPX7IqNKO82XNzS8sLi2nVtKra+sbm5mt7aoSkSRQIYIJWfexAkY5VDTVDOqhBBz4DGp+/3Lo1+5BKir4rR6E0Axwl9MOJVgbqZU5jEkrzruJJ0wqd5QvelfAND7wIFSUCX4X/2hJ0spknYIzgj1L3AnJognKrcyn1xYkCoBrwrBSDdcJdTPGUlPCIEl7kYIQkz7uQsNQjgNQzXh0VWLvG6Vtd4Q0j2t7pP6eiHGg1CDwTTLAuqemvaH4n9eIdOe8GVMeRho4GS/qRMzWwh5WZLepBKLZwBBMJDV/tUkPS0y0KTJtSnCnT54l1WLBPS2c3BxnSxeTOlJoF+2hHHLRGSqha1RGFUTQA3pCL+jVerSerTfrfRydsyYzO+gPrI9vN4KeQg==</latexit> c�1

(3� 2�)✏3�2�

<latexit sha1_base64="ivzDOD2dvOp0DVnorzHwBIVprWc=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHcWGbE17KoC5cV7APaoSRppg3NZMYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JNDYsG1cd1vZ2l5ZXVtvbBR3Nza3tkt7e03dJQoyuo0EpFqEayZ4JLVDTeCtWLFcEgEa5LhbeY3R0xpHslHM46ZH+K+5AGn2FjJTzshNgNC0N2ke9otld2KOwVaJF5OypCj1i19dXoRTUImDRVY67bnxsZPsTKcCjYpdhLNYkyHuM/alkocMu2n09ATdGyVHgoiZZ80aKr+3khxqPU4JHYyy6jnvUz8z2snJrj2Uy7jxDBJZ4eCRCAToawB1OOKUSPGlmCquM2K6AArTI3tqWhL8Oa/vEgaZxXvsnLxcF6u3uR1FOAQjuAEPLiCKtxDDepA4Qme4RXenJHz4rw7H7PRJSffOYA/cD5/ACvSkbg=</latexit>D�
<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=



❖ Example II: if operator with higher transverse spin exist then

First Order Variation

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="6GyquHGOCFipBEi1x2SFWU2CBgk=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WooCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/cwbrOTj2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QM1MZIY</latexit>

(�� )

<latexit sha1_base64="XEN/QRWu7lXmZNd9N8hDdR/+j8Q=">AAACDnicbVC7SgNBFJ2Nrxhfq5Y2iyGQxrAbn40QooVlBPOAbAyzk5tkyOzMMjMrhCVfYOOv2FgoYmtt5984eRSaeGDgcM653LkniBhV2nW/rdTS8srqWno9s7G5tb1j7+7VlIglgSoRTMhGgBUwyqGqqWbQiCTgMGBQDwZXY7/+AFJRwe/0MIJWiHucdinB2khtO3eZeL4wCR8iRZng98nxUdG/BqbxaOSXaS8ftN22nXUL7gTOIvFmJItmqLTtL78jSBwC14RhpZqeG+lWgqWmhMEo48cKIkwGuAdNQzkOQbWSyTkjJ2eUjtMV0jyunYn6eyLBoVLDMDDJEOu+mvfG4n9eM9bdi1ZCeRRr4GS6qBszRwtn3I3ToRKIZkNDMJHU/NUhfSwx0abBjCnBmz95kdSKBe+scHp7ki2VZ3Wk0QE6RHnkoXNUQjeogqqIoEf0jF7Rm/VkvVjv1sc0mrJmM/voD6zPH2Iom7A=</latexit>

=
1

✏3�2�

⇣
b0

<latexit sha1_base64="EVQJacEGMinmpjBToBRckK/PJZo=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIglIS38uiG5cV7AOaECaTm3boZBJmJkKJXfgrblwo4tbfcOffOG2z0OqBC4dz7uXee4KUUals+8sozc0vLC6Vlysrq2vrG+bmVksmmSDQJAlLRCfAEhjl0FRUMeikAnAcMGgHg+ux374HIWnC79QwBS/GPU4jSrDSkm/uHAa+40IqKUu4e+SGwBT2T3yzatfsCay/xClIFRVo+OanGyYki4ErwrCUXcdOlZdjoShhMKq4mYQUkwHuQVdTjmOQXj65f2TtayW0okTo4sqaqD8nchxLOYwD3Rlj1Zez3lj8z+tmKrr0csrTTAEn00VRxiyVWOMwrJAKIIoNNcFEUH2rRfpYYKJ0ZBUdgjP78l/SOq4557Wz29Nq/aqIo4x20R46QA66QHV0gxqoiQh6QE/oBb0aj8az8Wa8T1tLRjGzjX7B+PgGE8OVhA==</latexit>

+b1✏ �3
<latexit sha1_base64="NbcbM5HeJtyRE40ArtNWADDyTsk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFahDJTfC1L3bizgn1AZyyZNG1DM8mQZIRhqL/ixoUibv0Qd/6NaTsLbT1w4XDOvdx7TxAxqrTjfFsrq2vrG5u5rfz2zu7evn1w2FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv/1IpKKC3+skIn6IhpwOKEbaSD27cHpb8kikKBP8oVr26nRY7tlFp+LMAJeJm5EiyNDo2V9eX+A4JFxjhpTquk6k/RRJTTEjk7wXKxIhPEZD0jWUo5AoP50dP4EnRunDgZCmuIYz9fdEikKlkjAwnSHSI7XoTcX/vG6sB1d+SnkUa8LxfNEgZlALOE0C9qkkWLPEEIQlNbdCPEISYW3yypsQ3MWXl0mrWnEvKud3Z8VaPYsjB47AMSgBF1yCGrgBDdAEGCTgGbyCN+vJerHerY9564qVzRTAH1ifPwO2k7s=</latexit>

+O(✏2)
⌘

different anomalous dimension

scheme dependent

longitudinal path variation

more irrelevant

<latexit sha1_base64="XYrYYIsj+EuxRSIVd1rfnPLM/AI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUBeWRHxthKIbd1awD2himEwm7dDJJMxMhBKy8VfcuFDErZ/hzr9x2mah1QMXDufcy733+AmjUlnWl1Gam19YXCovV1ZW19Y3zM2ttoxTgUkLxywWXR9JwignLUUVI91EEBT5jHT84dXY7zwQIWnM79QoIW6E+pyGFCOlJc/ccQLCFPIOMwcjBm/y+6xmH+QXnlm16tYE8C+xC1IFBZqe+ekEMU4jwhVmSMqebSXKzZBQFDOSV5xUkgThIeqTnqYcRUS62eSBHO5rJYBhLHRxBSfqz4kMRVKOIl93RkgN5Kw3Fv/zeqkKz92M8iRVhOPpojBlUMVwnAYMqCBYsZEmCAuqb4V4gATCSmdW0SHYsy//Je2jun1aP7k9rjYuizjKYBfsgRqwwRlogGvQBC2AQQ6ewAt4NR6NZ+PNeJ+2loxiZhv8gvHxDU7BlZU=</latexit>

��O
(1) =

❖ Example 

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="3ynfmTLNnyzdWSbxNH7XxcuKtl4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoKCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/MwbrOTz2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QMyG5IW</latexit>

(�+ ) <latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="AntBkD5yloSMhF+W5gQjK0sFuxk=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAh1UxLfy6IblxXsA5oQJpNJO3TyYOamUEL/xI0LRdz6J+78GydtFtp6LhcO59zL3Dl+KrgCy/o2VlbX1jc2K1vV7Z3dvX3z4LCjkkxS1qaJSGTPJ4oJHrM2cBCsl0pGIl+wrj+6L/zumEnFk/gJJilzIzKIecgpAS15pll3AiaAeBcOLurMM2tWw5oBLxO7JDVUouWZX06Q0CxiMVBBlOrbVgpuTiRwKti06mSKpYSOyID1NY1JxJSbzy6f4lOtBDhMpO4Y8Ez9vZGTSKlJ5OvJiMBQLXqF+J/XzyC8dXMepxmwmM4fCjOBIcFFDDjgklEQE00IlVzfiumQSEJBh1XVIdiLX14mnfOGfd24erysNe/KOCroGJ2gOrLRDWqiB9RCbUTRGD2jV/Rm5MaL8W58zEdXjHLnCP2B8fkDLDeSEg==</latexit>

(�3 )
<latexit sha1_base64="pV0uVzsIJaWV4W3YBH/6j2xbXmk=">AAAB83icbVDLSgMxFM3UV62vqks3wSIIQpkRX8uiG5cV7AM6Q8mkt21oJglJRihDf8ONC0Xc+jPu/BvTdhbaeuDC4Zx7ufeeWHFmrO9/e4WV1bX1jeJmaWt7Z3evvH/QNDLVFBpUcqnbMTHAmYCGZZZDW2kgScyhFY/upn7rCbRhUjzasYIoIQPB+owS66TwjHSDEJRhXIpuueJX/RnwMglyUkE56t3yV9iTNE1AWMqJMZ3AVzbKiLaMcpiUwtSAInREBtBxVJAETJTNbp7gE6f0cF9qV8Limfp7IiOJMeMkdp0JsUOz6E3F/7xOavs3UcaESi0IOl/UTzm2Ek8DwD2mgVo+doRQzdytmA6JJtS6mEouhGDx5WXSPK8GV9XLh4tK7TaPo4iO0DE6RQG6RjV0j+qogShS6Bm9ojcv9V68d+9j3lrw8plD9Afe5w+c9ZFu</latexit>

+a1✏
<latexit sha1_base64="NbcbM5HeJtyRE40ArtNWADDyTsk=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFahDJTfC1L3bizgn1AZyyZNG1DM8mQZIRhqL/ixoUibv0Qd/6NaTsLbT1w4XDOvdx7TxAxqrTjfFsrq2vrG5u5rfz2zu7evn1w2FIilpg0sWBCdgKkCKOcNDXVjHQiSVAYMNIOxtdTv/1IpKKC3+skIn6IhpwOKEbaSD27cHpb8kikKBP8oVr26nRY7tlFp+LMAJeJm5EiyNDo2V9eX+A4JFxjhpTquk6k/RRJTTEjk7wXKxIhPEZD0jWUo5AoP50dP4EnRunDgZCmuIYz9fdEikKlkjAwnSHSI7XoTcX/vG6sB1d+SnkUa8LxfNEgZlALOE0C9qkkWLPEEIQlNbdCPEISYW3yypsQ3MWXl0mrWnEvKud3Z8VaPYsjB47AMSgBF1yCGrgBDdAEGCTgGbyCN+vJerHerY9564qVzRTAH1ifPwO2k7s=</latexit>

+O(✏2)
⌘<latexit sha1_base64="fnE896a/D0jhbd+KDPWnEQFfTng=">AAACJXicbVDLSsNAFL3xWesr6tJNsAgVoSTia+GiVBcuFawKTSyT6W0dnMyEmYlQQn7Gjb/ixoVFBFf+itPaha8DA4dz7uHOPXHKmTa+/+5MTE5Nz8yW5srzC4tLy+7K6qWWmaLYpJJLdR0TjZwJbBpmOF6nCkkSc7yK746H/tU9Ks2kuDD9FKOE9ATrMkqMldruUR5iqhmX4iYPT5AbcpNXd7aKIpQ29o8XbBXbgbUbrFdtuxW/5o/g/SXBmFRgjLO2Owg7kmYJCkM50boV+KmJcqIMoxyLcphpTAm9Iz1sWSpIgjrKR1cW3qZVOl5XKvuE8Ubq90ROEq37SWwnE2Ju9W9vKP7ntTLTPYxyJtLMoKBfi7oZ94z0hpV5HaaQGt63hFDF7F89eksUocYWW7YlBL9P/ksud2rBfm3vfLdSb4zrKME6bEAVAjiAOpzCGTSBwgM8wQsMnEfn2Xl13r5GJ5xxZg1+wPn4BDNSpaQ=</latexit>

✏�
(2)

✏�(1)+1

⇣

Bootstrap implies the existence of such an operator and fixes                           
<latexit sha1_base64="Xrvh0R9EWq7KGOmyX9g86zRZ+To=">AAACBHicbVDLSgMxFL3js9bXqMtugkVoEcpM8bURirpwWcE+oB1LJk3b0MyDJCOUYRZu/BU3LhRx60e4829M20G09cCFk3PuJfceN+RMKsv6MhYWl5ZXVjNr2fWNza1tc2e3LoNIEFojAQ9E08WScubTmmKK02YoKPZcThvu8HLsN+6pkCzwb9UopI6H+z7rMYKVljpmrn1FucJ3caFcTM5/HnYxObQ7Zt4qWROgeWKnJA8pqh3zs90NSORRXxGOpWzZVqicGAvFCKdJth1JGmIyxH3a0tTHHpVOPDkiQQda6aJeIHT5Ck3U3xMx9qQcea7u9LAayFlvLP7ntSLVO3Ni5oeRoj6ZftSLOFIBGieCukxQovhIE0wE07siMsACE6Vzy+oQ7NmT50m9XLJPSsc3R/nKRRpHBnKwDwWw4RQqcA1VqAGBB3iCF3g1Ho1n4814n7YuGOnMHvyB8fENTOqWmQ==</latexit>

�(2) = �(1) + 1



First Order Variation
❖ Regularised 1st order variation: 

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="G8bqSPj9q+UC2B8GxtQyPeKxTLo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnO8mY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaC9RklxkrNboTckF654lW9Gdxl4uekAjnqvfJXN5I0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrk9qWyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTf86yJhIUoOCzhf1U+4a6U5fdyOmkBo+toRQxeytLh0SRaixAZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJTMjyY=</latexit>

�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="xC98yejMTo+sDQf4NYeUAHHtFBI="></latexit>

/
I

[0,1]

ds
v�s

(1� s)4

✓
1� s

s

◆2�

+ [positive powers of ✏]

<latexit sha1_base64="2WvTJ2+J8sczkgVO3wZ5TcFNP34="></latexit>

xstraight(s) = x0 + s(x1 � x0)“proper time”

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="G8bqSPj9q+UC2B8GxtQyPeKxTLo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnO8mY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaC9RklxkrNboTckF654lW9Gdxl4uekAjnqvfJXN5I0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrk9qWyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTf86yJhIUoOCzhf1U+4a6U5fdyOmkBo+toRQxeytLh0SRaixAZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJTMjyY=</latexit>

�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="UgcKjkf+mtIaSJxvyfUsrnG61Ic=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxinlAsoTZSW8yZHZ2mZkVwpI/8OJBEa/+kTf/xkmyB40WNBRV3XR3BYng2rjul1NYWl5ZXSuulzY2t7Z3yrt7TR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MOME/YgOJA85o8ZK91dur1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezSCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G3S5wqZEWNLKFPc3krYkCrKjA2nZEPwFl/+S5onVe+8enZ3Wqld53EU4QAO4Rg8uIAa3EIdGsAghCd4gVdn5Dw7b877vLXg5DP78AvOxzf97o0F</latexit>

= 0 for translations
<latexit sha1_base64="pC8KiRS8R3LQVqUYe1ivzEpgYYI=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKr2PQi8cI5gHJJsxOZpMhszvDzGwgLPkTLx4U8eqfePNvnCR70MSChqKqm+6uUHKmjed9Oyura+sbm4Wt4vbO7t6+e3BY1yJVhNaI4EI1Q6wpZwmtGWY4bUpFcRxy2giH91O/MaJKM5E8mbGkQYz7CYsYwcZKXdcddXXnvC2VkEYg3fG6bskrezOgZeLnpAQ5ql33q90TJI1pYgjHWrd8T5ogw8owwumk2E41lZgMcZ+2LE1wTHWQzS6foFOr9FAklK3EoJn6eyLDsdbjOLSdMTYDvehNxf+8Vmqi2yBjiUwNTch8UZRyZJ+cxoB6TFFi+NgSTBSztyIywAoTY8Mq2hD8xZeXSf2i7F+Xrx4vS5W7PI4CHMMJnIEPN1CBB6hCDQiM4Ble4c3JnBfn3fmYt644+cwR/IHz+QMKzpNJ</latexit>

v�s / s0
<latexit sha1_base64="9n7yKRpnqJWllUlWJLPa4YrJs+U=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSB4MeyKr2PQi8cI5gHJJsxOZpMhszvDzGwgLPkTLx4U8eqfePNvnCR70MSChqKqm+6uUHKmjed9Oyura+sbm4Wt4vbO7t6+e3BY1yJVhNaI4EI1Q6wpZwmtGWY4bUpFcRxy2giH91O/MaJKM5E8mbGkQYz7CYsYwcZKXdcddXXnvC2VkEYg3fG7bskrezOgZeLnpAQ5ql33q90TJI1pYgjHWrd8T5ogw8owwumk2E41lZgMcZ+2LE1wTHWQzS6foFOr9FAklK3EoJn6eyLDsdbjOLSdMTYDvehNxf+8Vmqi2yBjiUwNTch8UZRyZJ+cxoB6TFFi+NgSTBSztyIywAoTY8Mq2hD8xZeXSf2i7F+Xrx4vS5W7PI4CHMMJnIEPN1CBB6hCDQiM4Ble4c3JnBfn3fmYt644+cwR/IHz+QMMUpNK</latexit>

v�s / s1
<latexit sha1_base64="K0Gep5r9cDL9KGKkRfC4q5lsj90=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwY5kpvpZFNy4r2Ae00yGTZtrQTBKSTKEM/RM3LhRx65+4829M21lo64ELh3Pu5d57IsmoNp737RTW1jc2t4rbpZ3dvf0D9/CoqUWqMGlgwYRqR0gTRjlpGGoYaUtFUBIx0opG9zO/NSZKU8GfzESSIEEDTmOKkbFS6LrjUPcuulIJaQTUvWrolr2KNwdcJX5OyiBHPXS/un2B04RwgxnSuuN70gQZUoZiRqalbqqJRHiEBqRjKUcJ0UE2v3wKz6zSh7FQtriBc/X3RIYSrSdJZDsTZIZ62ZuJ/3md1MS3QUa5TA3heLEoThm0T85igH2qCDZsYgnCitpbIR4ihbCxYZVsCP7yy6ukWa3415Wrx8ty7S6PowhOwCk4Bz64ATXwAOqgATAYg2fwCt6czHlx3p2PRWvByWeOwR84nz8N1pNL</latexit>

v�s / s2
rotations

special conformal

❖ For  <latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="G8bqSPj9q+UC2B8GxtQyPeKxTLo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnO8mY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaC9RklxkrNboTckF654lW9Gdxl4uekAjnqvfJXN5I0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrk9qWyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTf86yJhIUoOCzhf1U+4a6U5fdyOmkBo+toRQxeytLh0SRaixAZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJTMjyY=</latexit>

�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

<latexit sha1_base64="HchX0E9Q2wNJInb8MG80Pt0Jto4="></latexit>

/ �(2�� 3)�(n� 2�+ 1)

�(n� 2)

<latexit sha1_base64="S3NGxPcA3f2Os5rXKd7UCKNE0K8=">AAAB/HicbVDLSsNAFJ34rPUV7dJNsAguaknE17LoxmUF+4AmDZPptB06mRlmJoUQ6q+4caGIWz/EnX/jtM1CWw9cOJxzL/feEwlKlHbdb2tldW19Y7OwVdze2d3btw8Om4onEuEG4pTLdgQVpoThhiaa4raQGMYRxa1odDf1W2MsFeHsUacCBzEcMNInCGojhXZpHKrumS8kF5o7qsv8SiW0y27VncFZJl5OyiBHPbS//B5HSYyZRhQq1fFcoYMMSk0QxZOinygsIBrBAe4YymCMVZDNjp84J0bpOX0uTTHtzNTfExmMlUrjyHTGUA/VojcV//M6ie7fBBlhItGYofmifkId8+c0CadHJEaapoZAJIm51UFDKCHSJq+iCcFbfHmZNM+r3lX18uGiXLvN4yiAI3AMToEHrkEN3IM6aAAEUvAMXsGb9WS9WO/Wx7x1xcpnSuAPrM8f/IiUWQ==</latexit>

v�s / sn ,

❖ Consistent, but no constraints, needs 2nd order!  

❖ Boundary conformal and spin weights starts @ 2nd order 



❖ Same strategy, more terms

Second Order Variation

14 coefficients

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)
<latexit sha1_base64="zmE4fxyz6gv7IwYOCaioM5MLWC4=">AAAB73icbVDJSgNBEK2JW4xb1KOXxiB4CjPB7Rj04jGCWSAZQ09PTdKkZ7G7RwhDfsKLB0W8+jve/Bs7yRw08UHB470qqup5ieBK2/a3VVhZXVvfKG6WtrZ3dvfK+wctFaeSYZPFIpYdjyoUPMKm5lpgJ5FIQ09g2xvdTP32E0rF4+hejxN0QzqIeMAZ1Ubq9HwUmj7U+uWKXbVnIMvEyUkFcjT65a+eH7M0xEgzQZXqOnai3YxKzZnASamXKkwoG9EBdg2NaIjKzWb3TsiJUXwSxNJUpMlM/T2R0VCpceiZzpDqoVr0puJ/XjfVwZWb8ShJNUZsvihIBdExmT5PfC6RaTE2hDLJza2EDamkTJuISiYEZ/HlZdKqVZ2L6vndWaV+ncdRhCM4hlNw4BLqcAsNaAIDAc/wCm/Wo/VivVsf89aClc8cwh9Ynz++I4/K</latexit>

�2
<latexit sha1_base64="OlBtplV/g3Fp2JeLbv3wVH/KEGw="></latexit>

= [regulated double integral] + [finite boundary terms]

scheme dependent

<latexit sha1_base64="nsnYwmPu+W1DoPu2N409kHpEpRw=">AAACCnicbVBNS8NAEN34WetX1KOX1SIIQknEr2PRi8cKVoU2lM12Ehc3m7A7EUvo2Yt/xYsHRbz6C7z5b9y2Ofj1YODx3gwz88JMCoOe9+lMTE5Nz8xW5qrzC4tLy+7K6oVJc82hxVOZ6quQGZBCQQsFSrjKNLAklHAZ3pwM/ctb0Eak6hz7GQQJi5WIBGdopa67sUPbHYQ7LCKhBAI1QsUSqFAIsWZyEHTdmlf3RqB/iV+SGinR7LofnV7K8wQUcsmMaftehkHBNAouYVDt5AYyxm9YDG1LFUvABMXolQHdskqPRqm2pZCO1O8TBUuM6Seh7UwYXpvf3lD8z2vnGB0FhVBZjqD4eFGUS4opHeZCe0IDR9m3hHEt7K2UXzPNONr0qjYE//fLf8nFbt0/qO+f7dUax2UcFbJONsk28ckhaZBT0iQtwsk9eSTP5MV5cJ6cV+dt3DrhlDNr5Aec9y9Sw5qy</latexit>

+[finite single integral]

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)
<latexit sha1_base64="2MURXwQ0+3oazfOXvrEPn4Omk5Q=">AAAB/XicbVDJSgNBEO1xjXGLy83LYBA8hZngdgx68RjBLJDEoaenJmnS0zN014hxCP6KFw+KePU/vPk3dpaDJj4oeLxXRVU9PxFco+N8WwuLS8srq7m1/PrG5tZ2YWe3ruNUMaixWMSq6VMNgkuoIUcBzUQBjXwBDb9/NfIb96A0j+UtDhLoRLQrecgZRSN5hf12AALpXdlrIzxgxmIZDr1C0Sk5Y9jzxJ2SIpmi6hW+2kHM0ggkMkG1brlOgp2MKuRMwDDfTjUklPVpF1qGShqB7mTj64f2kVECO4yVKYn2WP09kdFI60Hkm86IYk/PeiPxP6+VYnjRybhMUgTJJovCVNgY26Mo7IArYCgGhlCmuLnVZj2qKEMTWN6E4M6+PE/q5ZJ7Vjq9OSlWLqdx5MgBOSTHxCXnpEKuSZXUCCOP5Jm8kjfryXqx3q2PSeuCNZ3ZI39gff4A81CVkQ==</latexit>

�2conf
<latexit sha1_base64="xF81Oi1kvmndkX3elDrjV8jsQDc=">AAACGnicbVDLSgMxFM3UV62vqks3wSIISpkRXxuh6MZlBfuAmaFk0rQNzWSG5I5Yhn6HG3/FjQtF3Ikb/8a0HURbDwQO59x7c+8JYsE12PaXlZubX1hcyi8XVlbX1jeKm1t1HSWKshqNRKSaAdFMcMlqwEGwZqwYCQPBGkH/auQ37pjSPJK3MIiZH5Ku5B1OCRipVXQuvEPXA3YPKY1kJ1IhEXgyfegfZI6OufwRW8WSXbbHwLPEyUgJZai2ih9eO6JJyCRQQbR2HTsGPyUKOBVsWPASzWJC+6TLXEMlCZn20/FpQ7xnlDY2e5knAY/V3x0pCbUehIGpDAn09LQ3Ev/z3AQ6537KZZwAk3TyUScRGCI8ygm3uWIUxMAQQhU3u2LaI4pQMGkWTAjO9MmzpH5Udk7LJzfHpcplFkce7aBdtI8cdIYq6BpVUQ1R9ICe0At6tR6tZ+vNep+U5qysZxv9gfX5DeKJog4=</latexit>

= [conformal source] + [spin source]

❖ Imposing conformal symmetry of                    fixes 9 coefficients  

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�❖ Imposing conformal symmetry of                    fixes all coefficients  



❖ Full spectrum has been fixed!  

• Existence of infinitely many primaries 

• They are related by transverse path variations, e.g.,  

• Relative normalisation of 2pt has also been fixed

Second Order Variation Result

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="3ynfmTLNnyzdWSbxNH7XxcuKtl4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoKCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/MwbrOTz2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QMyG5IW</latexit>

(�+ )
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+<latexit sha1_base64="WaL0tWjltrkuxlqV+KuqJEpv8BI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr4sQ9OIxAfOAZAmzk04yZnZ2mZkVwpIv8OJBEa9+kjf/xkmyB00saCiquunuCmLBtXHdbye3srq2vpHfLGxt7+zuFfcPGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY3U395hMqzSP5YMYx+iEdSN7njBor1W66xZJbdmcgy8TLSAkyVLvFr04vYkmI0jBBtW57bmz8lCrDmcBJoZNojCkb0QG2LZU0RO2ns0Mn5MQqPdKPlC1pyEz9PZHSUOtxGNjOkJqhXvSm4n9eOzH9az/lMk4MSjZf1E8EMRGZfk16XCEzYmwJZYrbWwkbUkWZsdkUbAje4svLpHFW9i7LF7XzUuU2iyMPR3AMp+DBFVTgHqpQBwYIz/AKb86j8+K8Ox/z1pyTzRzCHzifP5ANjMs=</latexit>=

primaries

<latexit sha1_base64="6rec39iDuzssUFklYCefsByxRRM="></latexit>

(�O, s) 2
(

(�, 1
2 ��) +(|l|, l) l  0

(2��, 3
2 ��) +(l � 1, l � 1) l � 1

transverse spin at 
<latexit sha1_base64="JACZA7mFWpUbgf9r+RzaEZ7qyfI=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFZL06UIo6sJlBfuAJpTJdNoOnWTCzKRQQv/EjQtF3Pon7vwbJ20FFT0wcDjnXO6dE8SMSmXbH0ZubX1jcyu/XdjZ3ds/MA+P2pInApMW5oyLboAkYTQiLUUVI91YEBQGjHSCyXXmd6ZESMqjezWLiR+iUUSHFCOlpb5pejeEKXSZOh7XOXfeN4u2dVGvuhUX2pZt19xSNSNureyWoKOVDEWwQrNvvnsDjpOQRAozJGXPsWPlp0goihmZF7xEkhjhCRqRnqYRCon008Xlc3imlQEccqFfpOBC/T6RolDKWRjoZIjUWP72MvEvr5eoYd1PaRQnikR4uWiYMKg4zGqAAyoIVmymCcKC6lshHiOBsNJlFXQJXz+F/5O2azlVq3JXLjauVnXkwQk4BefAATXQALegCVoAgyl4AE/g2UiNR+PFeF1Gc8Zq5hj8gPH2CW3nk48=</latexit>

� =
1

2

<latexit sha1_base64="V8q3DbhsqMN2UE8iN0EYVcxTKB4=">AAACE3icbVDLSgMxFM3UV62vUZdugkUQhTIjvpZFNy4r2Ad0hiGTybShmWRIMkIZ+g9u/BU3LhRx68adf2PaDqitBwKHc+7l5pwwZVRpx/mySguLS8sr5dXK2vrG5pa9vdNSIpOYNLFgQnZCpAijnDQ11Yx0UklQEjLSDgfXY799T6Sigt/pYUr8BPU4jSlG2kiBfYSDnB27Iy+VItUC4oAV1GOR0OpHdwK76tScCeA8cQtSBQUagf3pRQJnCeEaM6RU13VS7edIaooZGVW8TJEU4QHqka6hHCVE+fkk0wgeGCWCsZDmcQ0n6u+NHCVKDZPQTCZI99WsNxb/87qZji/9nPI004Tj6aE4Y9CEHBcEIyoJ1mxoCMKSmr9C3EcSYW1qrJgS3NnI86R1UnPPa2e3p9X6VVFHGeyBfXAIXHAB6uAGNEATYPAAnsALeLUerWfrzXqfjpasYmcX/IH18Q3Hxp69</latexit>cl+1 / cl / . . . / c0
<latexit sha1_base64="kDZEFdGE7BRyQ7XRh1cPa+PcjbE=">AAACGnicbVDLSsNAFJ34rPUVdekmWAQ3LYn4WhbduKxgH9CEMJlM2qGTzDAzEUrId7jxV9y4UMSduPFvnKYRauuBgXPPuZc79wScEqls+9tYWl5ZXVuvbFQ3t7Z3ds29/Y5kqUC4jRhlohdAiSlJcFsRRXGPCwzjgOJuMLqZ+N0HLCRhyb0ac+zFcJCQiCCotOSbDvKzOq07ucsF44pZRf1buTRkSs5aTu6bNbthF7AWiVOSGijR8s1PN2QojXGiEIVS9h2bKy+DQhFEcV51U4k5RCM4wH1NExhj6WXFabl1rJXQipjQL1FWoc5OZDCWchwHujOGaijnvYn4n9dPVXTlZSThqcIJmi6KUmrpOyc5WSERGCk61gQiQfRfLTSEAiKl06zqEJz5kxdJ57ThXDTO785qzesyjgo4BEfgBDjgEjTBLWiBNkDgETyDV/BmPBkvxrvxMW1dMsqZA/AHxtcP/tShfQ==</latexit>c�l�1 / c�l / . . . / c�1and

<latexit sha1_base64="zpAmEJiAQg39hzyigg5ZxLpMsxQ=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiTia1l047KCfUAbwmQ6aYdOJmHmRltiP8WNC0Xc+iXu/BunbRbaeuDC4Zx7ufeeIBFcg+N8W4WV1bX1jeJmaWt7Z3fPLu83dZwqyho0FrFqB0QzwSVrAAfB2oliJAoEawXDm6nfemBK81jewzhhXkT6koecEjCSb5dHfhfYCDINivD+ACa+XXGqzgx4mbg5qaAcdd/+6vZimkZMAhVE647rJOBlRAGngk1K3VSzhNAh6bOOoZJETHvZ7PQJPjZKD4exMiUBz9TfExmJtB5HgemMCAz0ojcV//M6KYRXXsZlkgKTdL4oTAWGGE9zwD2uGAUxNoRQxc2tmA6IIhRMWiUTgrv48jJpnlbdi+r53Vmldp3HUUSH6AidIBddohq6RXXUQBQ9omf0it6sJ+vFerc+5q0FK585QH9gff4AVBSUtQ==</latexit>xstraight

<latexit sha1_base64="OReORmzlGTr6cgZz++TJP6isc8A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1tij5k=</latexit>

h
<latexit sha1_base64="VCCmQJoMD4/exv3WXR9Wvr5qyVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2SYj58=</latexit>

i

<latexit sha1_base64="mhfOZytgyFOCZFgzneuPC/CR0dk=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRIZakSxGusYGGjSPQhNaFyXKe16tiR7SBVURZ+hYUBhFj5DDb+BqfNAC1HsnR0zj26vieIGVXacb6thcWl5ZXV0lp5fWNza9ve2W0pkUhMmlgwITsBUoRRTpqaakY6sSQoChhpB6Pr3G8/Eqmo4Pd6HBM/QgNOQ4qRNlLP3veEsfN06mHE4G32kFbZcdazK07NmQDOE7cgFVCg0bO/vL7ASUS4xgwp1XWdWPspkppiRrKylygSIzxCA9I1lKOIKD+dHJDBI6P0YSikeVzDifo7kaJIqXEUmMkI6aGa9XLxP6+b6PDSTymPE004ni4KEwa1gHkbsE8lwZqNDUFYUvNXiIdIIqxNZ2VTgjt78jxpndTc89rZ3WmlflXUUQIH4BBUgQsuQB3cgAZoAgwy8AxewZv1ZL1Y79bHdHTBKjJ74A+szx+L7ZZh</latexit>

O
(l)

<latexit sha1_base64="+1FcsD56jiko1Yd3dOxG9lWHkCA=">AAACHHicbVDLSsNAFJ3UV62vqEs3wSK4Kkl9boSiLlxWsA9oYphMb9uhkwczE7Gk+RA3/oobF4q4cSH4N07TItp6YeDMOffMvXO8iFEhTfNLy83NLywu5ZcLK6tr6xv65lZdhDEnUCMhC3nTwwIYDaAmqWTQjDhg32PQ8PoXI71xB1zQMLiRgwgcH3cD2qEES0W5+sFZYmevJB6LISUu+7li0k/tUJmH98PbpGxfApPYZWnq6kWzZGZlzAJrAopoUlVX/7DbIYl9CCRhWIiWZUbSSTCXlDBIC3YsIFLjcBdaCgbYB+Ek2R6psaeYttEJuTqBNDL2tyPBvhAD31OdPpY9Ma2NyP+0Viw7p05CgyiWEJDxoE7MDBkao6SMNuVAJBsogAmnaleD9DDHRKo8CyoEa/rLs6BeLlnHpaPrw2LlfBJHHu2gXbSPLHSCKugKVVENEfSAntALetUetWftTXsft+a0iWcb/Snt8xvoUaPC</latexit>

=
cl

|x|2�l

<latexit sha1_base64="bvAyQm+yYftwxAF4Vm/CLP8oepU=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEurAk4mtZdOPOCvYBbSyT6bQdOpmEmYlQQ77EjQtF3Pop7vwbp20W2nrgwuGce7n3Hj/iTGnH+bZyS8srq2v59cLG5tZ20d7ZbagwloTWSchD2fKxopwJWtdMc9qKJMWBz2nTH11P/OYjlYqF4l6PI+oFeCBYnxGsjdS1i0mHYI5u04ekfMyP0q5dcirOFGiRuBkpQYZa1/7q9EISB1RowrFSbdeJtJdgqRnhNC10YkUjTEZ4QNuGChxQ5SXTw1N0aJQe6ofSlNBoqv6eSHCg1DjwTWeA9VDNexPxP68d6/6llzARxZoKMlvUjznSIZqkgHpMUqL52BBMJDO3IjLEEhNtsiqYENz5lxdJ46TinlfO7k5L1assjjzswwGUwYULqMIN1KAOBGJ4hld4s56sF+vd+pi15qxsZg/+wPr8AbiRkn4=</latexit>

O
(�l)



Second Order Variation Result
❖ Deduce the quantum E.O.M 

• Tree-level form 

• Quantum version of tree-level EOM  

• Derivation: consider a constant variation v± = const

<latexit sha1_base64="dgAqHilS5gLrFT57e6Eotonw8I0=">AAACAHicbVA7T8MwGHTKq5RXgIGBxaJCYqFKKl4LUgULY5HoQ2qiynGd1qpjR7aDVEVZ+CssDCDEys9g49/gphmg5SRLp7v7/NkXxIwq7TjfVmlpeWV1rbxe2djc2t6xd/faSiQSkxYWTMhugBRhlJOWppqRbiwJigJGOsH4dup3HolUVPAHPYmJH6EhpyHFSBupbx9ce/klacASkp2mridMvJ717apTc3LAReIWpAoKNPv2lzcQOIkI15ghpXquE2s/RVJTzEhW8RJFYoTHaEh6hnIUEeWn+e4MHhtlAEMhzeEa5urviRRFSk2iwCQjpEdq3puK/3m9RIdXfkp5nGjC8WxRmDCoBZy2AQdUEqzZxBCEJTVvhXiEJMLadFYxJbjzX14k7XrNvaid359VGzdFHWVwCI7ACXDBJWiAO9AELYBBBp7BK3iznqwX6936mEVLVjGzD/7A+vwB1VuWkw==</latexit>

= �1

2

<latexit sha1_base64="mQ/6oHVTArxooQbaknRWsHxHAoY=">AAACCnicbVDLSsNAFJ3UV62vqks30SK0WEpSn8uiG3dWsA9oaplMbtqhk0mcmQgldO3GX3HjQhG3foE7/8bpY6HVAxcO59zLvfe4EaNSWdaXkZqbX1hcSi9nVlbX1jeym1t1GcaCQI2ELBRNF0tglENNUcWgGQnAgcug4fYvRn7jHoSkIb9RgwjaAe5y6lOClZY62d284wFTuHN4W3buYuwVnOKBU7zKOxBJykJe6GRzVskaw/xL7CnJoSmqneyn44UkDoArwrCULduKVDvBQlHCYJhxYgkRJn3chZamHAcg28n4laG5rxXP9EOhiytzrP6cSHAg5SBwdWeAVU/OeiPxP68VK/+snVAexQo4mSzyY2aq0BzlYnpUAFFsoAkmgupbTdLDAhOl08voEOzZl/+Serlkn5SOr49ylfNpHGm0g/ZQHtnoFFXQJaqiGiLoAT2hF/RqPBrPxpvxPmlNGdOZbfQLxsc3xWKZEA==</latexit>

(�23 ) + O(✏)
<latexit sha1_base64="3ynfmTLNnyzdWSbxNH7XxcuKtl4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoKCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/MwbrOTz2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QMyG5IW</latexit>

(�+ )<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="G8bqSPj9q+UC2B8GxtQyPeKxTLo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKr2PQi8cI5gHJEmZnO8mY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaC9RklxkrNboTckF654lW9Gdxl4uekAjnqvfJXN5I0jVEYyonWHd9LTJARZRjlOCl1U40JoSMywI6lgsSog2x27cQ9sUrk9qWyJYw7U39PZCTWehyHtjMmZqgXvan4n9dJTf86yJhIUoOCzhf1U+4a6U5fdyOmkBo+toRQxeytLh0SRaixAZVsCP7iy8ukeVb1L6sX9+eV2k0eRxGO4BhOwYcrqMEd1KEBFB7hGV7hzZHOi/PufMxbC04+cwh/4Hz+AJTMjyY=</latexit>

�
<latexit sha1_base64="2g0hPn9V/uyW58/cAed57Ca7cFQ=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHhRHaNryPRi0dI5JHAhswOvTAyO7uZmTUhhC/w4kFjvPpJ3vwbB9iDgpV0UqnqTndXkAiujet+O7m19Y3Nrfx2YWd3b/+geHjU1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hobua3nlBpHssHM07Qj+hA8pAzaqxUL/eKJbfizkFWiZeREmSo9Ypf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+ZHzolZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQlv/AmXSWpQssWiMBXExGT2NelzhcyIsSWUKW5vJWxIFWXGZlOwIXjLL6+S5nnFu6pc1i9K1dssjjycwCmUwYNrqMI91KABDBCe4RXenEfnxXl3PhatOSebOYY/cD5/AHA5jLY=</latexit>

(
<latexit sha1_base64="EkO0PY1J01maVQV2NkMeQeBCVj0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoOgl7Arvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3G9jLc=</latexit>

)<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>� <latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="Iqxf8jm9d833i5HXxRqAp48EU3A=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUCmURHxthKIblxXsA5IYJpNJO3QyCTOTQgnd+CtuXCji1s9w5984fSy09cCFwzn3cu89QcqoVJb1bRSWlldW14rrpY3Nre0dc3evJZNMYNLECUtEJ0CSMMpJU1HFSCcVBMUBI+2gfzv22wMiJE34gxqmxItRl9OIYqS05JsH14PHqhvQrlNxQ8IU8qsudOGJb5atmjUBXCT2jJTBDA3f/HLDBGcx4QozJKVjW6nyciQUxYyMSm4mSYpwH3WJoylHMZFePnlgBI+1EsIoEbq4ghP190SOYimHcaA7Y6R6ct4bi/95TqaiKy+nPM0U4Xi6KMoYVAkcpwFDKghWbKgJwoLqWyHuIYGw0pmVdAj2/MuLpHVasy9q5/dn5frNLI4iOARHoAJscAnq4A40QBNgMALP4BW8GU/Gi/FufExbC8ZsZh/8gfH5A1tplPk=</latexit>

= v+
⇥
(�+ )

<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+ <latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+
<latexit sha1_base64="u9w2KG/wZjuj4pB2LUR6vlfrSNg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQEUoivpZFNy4r2Ac0IUwmk3bo5MHMjRBK/RU3LhRx64e482+ctllo64ELh3Pu5d57/FRwBZb1bZRWVtfWN8qbla3tnd09c/+go5JMUtamiUhkzyeKCR6zNnAQrJdKRiJfsK4/up363UcmFU/iB8hT5kZkEPOQUwJa8sxq3QmYAOKdOtjBJ47PB65n1qyGNQNeJnZBaqhAyzO/nCChWcRioIIo1betFNwxkcCpYJOKkymWEjoiA9bXNCYRU+54dvwEH2slwGEidcWAZ+rviTGJlMojX3dGBIZq0ZuK/3n9DMJrd8zjNAMW0/miMBMYEjxNAgdcMgoi14RQyfWtmA6JJBR0XhUdgr348jLpnDXsy8bF/XmteVPEUUaH6AjVkY2uUBPdoRZqI4py9Ixe0ZvxZLwY78bHvLVkFDNV9AfG5w/LlpOX</latexit>

(! + )
!

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�
<latexit sha1_base64="ghds93ECYkn2vTGk41/vAu0HE5E=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ2b6dCEU3bisYh/QDiWTZtrQTGZIMkIZ+gduXCji1j9y59+YaSuo6IELh3Pu5d57/JgzpRH6sFZW19Y3NnNb+e2d3b39wsFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5CrzO/dUKhaJOz2NqRfikWABI1gb6fYCDQpFZJ/Xq27FhchGqOaWqhlxa2W3BB2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL51fOoOnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EB3UvZSJONBVksShIONQRzN6GQyYp0XxqCCaSmVshGWOJiTbh5E0IX5/C/0nbtZ2qXbkpFxuXyzhy4BicgDPggBpogGvQBC1AQAAewBN4tibWo/VivS5aV6zlzBH4AevtE2DmjUk=</latexit>

= 0
<latexit sha1_base64="ghds93ECYkn2vTGk41/vAu0HE5E=">AAAB6XicdVDLSgMxFM34rPVVdekmWARXQ2b6dCEU3bisYh/QDiWTZtrQTGZIMkIZ+gduXCji1j9y59+YaSuo6IELh3Pu5d57/JgzpRH6sFZW19Y3NnNb+e2d3b39wsFhW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5CrzO/dUKhaJOz2NqRfikWABI1gb6fYCDQpFZJ/Xq27FhchGqOaWqhlxa2W3BB2jZCiCJZqDwnt/GJEkpEITjpXqOSjWXoqlZoTTWb6fKBpjMsEj2jNU4JAqL51fOoOnRhnCIJKmhIZz9ftEikOlpqFvOkOsx+q3l4l/eb1EB3UvZSJONBVksShIONQRzN6GQyYp0XxqCCaSmVshGWOJiTbh5E0IX5/C/0nbtZ2qXbkpFxuXyzhy4BicgDPggBpogGvQBC1AQAAewBN4tibWo/VivS5aV6zlzBH4AevtE2DmjUk=</latexit>

= 0
<latexit sha1_base64="2GLBvACArCOpwjJcpD1wTkzcd9o=">AAAB+nicdVDLSsNAFJ34rPXV6tLNYBEqaEnSpwuh6MaNUME+oI1hMp20QycPZiZKif0UNy4UceuXuPNvnLQVVPTAhcM593LvPU7IqJC6/qEtLC4tr6ym1tLrG5tb25nsTksEEcekiQMW8I6DBGHUJ01JJSOdkBPkOYy0ndF54rdvCRc08K/lOCSWhwY+dSlGUkl2JnsKL2/ivHF0bBxO7NjQJ3YmpxdOahWzbEK9oOtVs1hJiFktmUVoKCVBDszRsDPvvX6AI4/4EjMkRNfQQ2nFiEuKGZmke5EgIcIjNCBdRX3kEWHF09Mn8EApfegGXJUv4VT9PhEjT4ix56hOD8mh+O0l4l9eN5JuzYqpH0aS+Hi2yI0YlAFMcoB9ygmWbKwIwpyqWyEeIo6wVGmlVQhfn8L/ScssGJVC+aqUq5/N40iBPbAP8sAAVVAHF6ABmgCDO/AAnsCzdq89ai/a66x1QZvP7IIf0N4+AbqOkmc=</latexit>

= M (1 ,! 1)
10

<latexit sha1_base64="9Q4UBrb4nJ4oO3lnE2dAY5jd3Gk=">AAAB+nicdVDLSsNAFJ3UV62vVJduBotQNyFNn+6KblxWsA9oaplMJu3QycOZiVJiP8WNC0Xc+iXu/BsnbQUVPXDhcM693HuPEzEqpGl+aJmV1bX1jexmbmt7Z3dPz+93RBhzTNo4ZCHvOUgQRgPSllQy0os4Qb7DSNeZnKd+95ZwQcPgSk4jMvDRKKAexUgqaajni7ZLmETD8rVl38TIPRnqBdM4bdSsqgVNwzTrVrmWEqtescqwpJQUBbBEa6i/226IY58EEjMkRL9kRnKQIC4pZmSWs2NBIoQnaET6igbIJ2KQzE+fwWOluNALuapAwrn6fSJBvhBT31GdPpJj8dtLxb+8fiy9xiChQRRLEuDFIi9mUIYwzQG6lBMs2VQRhDlVt0I8RhxhqdLKqRC+PoX/k45llGpG9bJSaJ4t48iCQ3AEiqAE6qAJLkALtAEGd+ABPIFn7V571F6010VrRlvOHIAf0N4+AXTuk4M=</latexit>

(! 2
3 )<latexit sha1_base64="IWyJMVsSKjEaupgV46ukXaGOWbM=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXw8z06a7oxmUF+4B2KJk0bUMzSUgyQhn6EW5cKOLW73Hn35hpK6jogQuHc+7l3nsiyag2nvfhrK1vbG5t53byu3v7B4eFo+O2FonCpIUFE6obIU0Y5aRlqGGkKxVBccRIJ5peZ37nnihNBb8zM0nCGI05HVGMjJU6famENGJQKHruZb0aVALouZ5XC0rVjAS1clCCvlUyFMEKzUHhvT8UOIkJN5ghrXu+J02YImUoZmSe7yeaSISnaEx6lnIUEx2mi3Pn8NwqQzgSyhY3cKF+n0hRrPUsjmxnjMxE//Yy8S+vl5hRPUwpl4khHC8XjRIGjYDZ73BIFcGGzSxBWFF7K8QTpBA2NqG8DeHrU/g/aQeuX3Urt+Vi42oVRw6cgjNwAXxQAw1wA5qgBTCYggfwBJ4d6Tw6L87rsnXNWc2cgB9w3j4BCROQDg==</latexit>!

<latexit sha1_base64="xgz8Nd4GXfNVruQiG2QF+tou47k=">AAACEnicbVDJSgNBEO1xjXEb9ehlMAgRIcwEt4sQ1IPHKGaBTAg1nU7SpGdJd40ShnyDF3/FiwdFvHry5t/YWQ6a+KCox3tVdNfzIsEV2va3MTe/sLi0nFpJr66tb2yaW9tlFcaSshINRSirHigmeMBKyFGwaiQZ+J5gFa97OfQr90wqHgZ32I9Y3Yd2wFucAmqpYR7QhnPuXjGBkM2P+6GjRdvt9WJoure83UGQMnxomBk7Z49gzRJnQjJkgmLD/HKbIY19FiAVoFTNsSOsJyCRU8EGaTdWLALahTaraRqAz1Q9GZ00sPa10rRaodQVoDVSf28k4CvV9z096QN21LQ3FP/zajG2zuoJD6IYWUDHD7ViYWFoDfOxmlwyiqKvCVDJ9V8t2gEJFHWKaR2CM33yLCnnc85J7vjmKFO4mMSRIrtkj2SJQ05JgVyTIikRSh7JM3klb8aT8WK8Gx/j0TljsrND/sD4/AGTx5zZ</latexit>

c1 = ! (2! + 1) c0 !
<latexit sha1_base64="dgAqHilS5gLrFT57e6Eotonw8I0=">AAACAHicbVA7T8MwGHTKq5RXgIGBxaJCYqFKKl4LUgULY5HoQ2qiynGd1qpjR7aDVEVZ+CssDCDEys9g49/gphmg5SRLp7v7/NkXxIwq7TjfVmlpeWV1rbxe2djc2t6xd/faSiQSkxYWTMhugBRhlJOWppqRbiwJigJGOsH4dup3HolUVPAHPYmJH6EhpyHFSBupbx9ce/klacASkp2mridMvJ717apTc3LAReIWpAoKNPv2lzcQOIkI15ghpXquE2s/RVJTzEhW8RJFYoTHaEh6hnIUEeWn+e4MHhtlAEMhzeEa5urviRRFSk2iwCQjpEdq3puK/3m9RIdXfkp5nGjC8WxRmDCoBZy2AQdUEqzZxBCEJTVvhXiEJMLadFYxJbjzX14k7XrNvaid359VGzdFHWVwCI7ACXDBJWiAO9AELYBBBp7BK3iznqwX6936mEVLVjGzD/7A+vwB1VuWkw==</latexit>

= �1

2

<latexit sha1_base64="mQ/6oHVTArxooQbaknRWsHxHAoY=">AAACCnicbVDLSsNAFJ3UV62vqks30SK0WEpSn8uiG3dWsA9oaplMbtqhk0mcmQgldO3GX3HjQhG3foE7/8bpY6HVAxcO59zLvfe4EaNSWdaXkZqbX1hcSi9nVlbX1jeym1t1GcaCQI2ELBRNF0tglENNUcWgGQnAgcug4fYvRn7jHoSkIb9RgwjaAe5y6lOClZY62d284wFTuHN4W3buYuwVnOKBU7zKOxBJykJe6GRzVskaw/xL7CnJoSmqneyn44UkDoArwrCULduKVDvBQlHCYJhxYgkRJn3chZamHAcg28n4laG5rxXP9EOhiytzrP6cSHAg5SBwdWeAVU/OeiPxP68VK/+snVAexQo4mSzyY2aq0BzlYnpUAFFsoAkmgupbTdLDAhOl08voEOzZl/+Serlkn5SOr49ylfNpHGm0g/ZQHtnoFFXQJaqiGiLoAT2hF/RqPBrPxpvxPmlNGdOZbfQLxsc3xWKZEA==</latexit>

(�23 ) + O(✏)
<latexit sha1_base64="3ynfmTLNnyzdWSbxNH7XxcuKtl4=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoKCURX8uiG5cV7AOaECaTm3bo5MHMpFBC/8SNC0Xc+ifu/BunbRbaei4XDufcy9w5fsqZVJb1bZRWVtfWN8qbla3tnd09c/+gLZNMUGjRhCei6xMJnMXQUkxx6KYCSORz6PjD+6nfGYGQLImf1DgFNyL9mIWMEqUlzzRrTgBcEe/MwbrOTz2zatWtGfAysQtSRQWanvnlBAnNIogV5UTKnm2lys2JUIxymFScTEJK6JD0oadpTCKQbj67fIJPtBLgMBG6Y4Vn6u+NnERSjiNfT0ZEDeSiNxX/83qZCm/dnMVppiCm84fCjGOV4GkMOGACqOJjTQgVTN+K6YAIQpUOq6JDsBe/vEzaF3X7un71eFlt3BVxlNEROkY1ZKMb1EAPqIlaiKIRekav6M3IjRfj3fiYj5aMYucQ/YHx+QMyG5IW</latexit>

(�+ )<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�



Second Order Variation Result

❖ 2pt function of the displacement operator

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

!
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

!
<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

!
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

!

<latexit sha1_base64="gjiKV+C19U/8RzS34KUybkHx54U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQF5ZEfC2LunBZwT6gDWEynbRDJ5MwMymU0D9x40IRt/6JO//GSduFth4YOJxzL/fMCRLOlHacb6uwsrq2vlHcLG1t7+zu2fsHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw7vcb42oVCwWT3qcUC/CfcFCRrA2km/bWTfCehAE6H7in1XUqW+XnaozBVom7pyUYY66b391ezFJIyo04Vipjusk2suw1IxwOil1U0UTTIa4TzuGChxR5WXT5BN0YpQeCmNpntBoqv7eyHCk1DgKzGQeUy16ufif10l1eONlTCSppoLMDoUpRzpGeQ2oxyQlmo8NwUQykxWRAZaYaFNWyZTgLn55mTTPq+5V9fLxoly7nddRhCM4hgq4cA01eIA6NIDACJ7hFd6szHqx3q2P2WjBmu8cwh9Ynz9Kp5LL</latexit>

D! (s)
<latexit sha1_base64="FszzSGMDcSNZUZ1e5e6BSbWiR+w=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0WoCCURX8uiLlxWsA9oQ5hMJ+3QySTM3BRK6J+4caGIW//EnX/jpO1CWw8MHM65l3vmBIngGhzn2yqsrK6tbxQ3S1vbO7t79v5BU8epoqxBYxGrdkA0E1yyBnAQrJ0oRqJAsFYwvMv91ogpzWP5BOOEeRHpSx5ySsBIvm1n3YjAIAjw/cQ/q8Cpb5edqjMFXibunJTRHHXf/ur2YppGTAIVROuO6yTgZUQBp4JNSt1Us4TQIemzjqGSREx72TT5BJ8YpYfDWJknAU/V3xsZibQeR4GZzGPqRS8X//M6KYQ3XsZlkgKTdHYoTAWGGOc14B5XjIIYG0Ko4iYrpgOiCAVTVsmU4C5+eZk0z6vuVfXy8aJcu53XUURH6BhVkIuuUQ09oDpqIIpG6Bm9ojcrs16sd+tjNlqw5juH6A+szx9JHpLK</latexit>

D+ (t)
<latexit sha1_base64="uOxz3zYTyX1V2n8Z6v1xhHQZM5E="></latexit>

= ! (s ! t)
"

x4
st

!
x10xst

x1sxt 0

" 2!

<latexit sha1_base64="POD7BDy9zX2ELW/AF/7U7P5+c74="></latexit>

= !
1

2!
(2! ! 1)(2! ! 2)(2! ! 3) sin(2! ! )

<latexit sha1_base64="RJPZz4I4PrGa4qtwkTCYKvX5ScU=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1qS4msjFN24cFHBPqCJYTKZtEMnkzAzEUoobvwVNy4UcetXuPNvnLZZaOuBgcM553LnHj9hVCrL+jYKc/MLi0vF5dLK6tr6hrm51ZRxKjBp4JjFou0jSRjlpKGoYqSdCIIin5GW378a+a0HIiSN+Z0aJMSNUJfTkGKktOSZO86NDgfowiEK3VexZzmH2MuO7KFnlq2KNQacJXZOyiBH3TO/nCDGaUS4wgxJ2bGtRLkZEopiRoYlJ5UkQbiPuqSjKUcRkW42PmEI97USwDAW+nEFx+rviQxFUg4iXycjpHpy2huJ/3mdVIXnbkZ5kirC8WRRmDKoYjjqAwZUEKzYQBOEBdV/hbiHBMJKt1bSJdjTJ8+SZrVin1ZObo/Ltcu8jiLYBXvgANjgDNTANaiDBsDgETyDV/BmPBkvxrvxMYkWjHxmG/yB8fkDjCeWQQ==</latexit>

! = ! 2c0 c! 1

❖  All the coefficients in the regularized deformed line 

• e.g. @ 2nd order, the coefficient of the tilt operator

<latexit sha1_base64="OReORmzlGTr6cgZz++TJP6isc8A=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1tij5k=</latexit>

h
<latexit sha1_base64="VCCmQJoMD4/exv3WXR9Wvr5qyVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEqseiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lW19nBZqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2SYj58=</latexit>

i

<latexit sha1_base64="N/wKvV8U69GpSaTa3Vw2z/3sDYs=">AAACCHicdVBLSwMxGMzWV62vVY8eDBahIpTdRWt7K3rxWME+oNuWbJq2odnNkmQLZenRi3/FiwdFvPoTvPlvzG4rqOhAYJj5vkwyXsioVJb1YWSWlldW17LruY3Nre0dc3evIXkkMKljzrhoeUgSRgNSV1Qx0goFQb7HSNMbXyV+c0KEpDy4VdOQdHw0DOiAYqS01DMPY9vlesCZuellsccQHs8Kk57snp50nZ6Zt4qWRqkEE2KXLVuTSqXsOBVop5Zl5cECtZ757vY5jnwSKMyQlG3bClUnRkJRzMgs50aShDoCDUlb0wD5RHbiNHsGj7XShwMu9AkUTNXvGzHypZz6np70kRrJ314i/uW1IzUod2IahJEiAZ4HDSIGFYdJK7BPBcGKTTVBWFD9VohHSCCsdHc5XcLXT+H/pOEU7VLx/OYsX71c1JEFB+AIFIANLkAVXIMaqAMM7sADeALPxr3xaLwYr/PRjLHY2Qc/YLx9Ap/0mb0=</latexit>

1
2

(v+
s )2

<latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+ <latexit sha1_base64="bPX14xxB1FNjJ6wDAIgcughuA1M=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4TMA9IQpid9CZjZmeXmVkhLPkCLx4U8eonefNvnCR70MSChqKqm+4uPxZcG9f9dnIrq2vrG/nNwtb2zu5ecf+goaNEMayzSESq5VONgkusG24EtmKFNPQFNv3R3dRvPqHSPJIPZhxjN6QDyQPOqLFS7axXLLlldwayTLyMlCBDtVf86vQjloQoDRNU67bnxqabUmU4EzgpdBKNMWUjOsC2pZKGqLvp7NAJObFKnwSRsiUNmam/J1Iaaj0OfdsZUjPUi95U/M9rJya46aZcxolByeaLgkQQE5Hp16TPFTIjxpZQpri9lbAhVZQZm03BhuAtvrxMGudl76p8WbsoVW6zOPJwBMdwCh5cQwXuoQp1YIDwDK/w5jw6L8678zFvzTnZzCH8gfP5A3fNjLs=</latexit>�<latexit sha1_base64="Age47FzHBvUqYGPEEfH8g0BXt4k=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGFXfB2DXjwmYB6QhDA76U3GzM4uM7NCWPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dfiy4Nq777eRWVtfWN/Kbha3tnd294v5BQ0eJYlhnkYhUy6caBZdYN9wIbMUKaegLbPqju6nffEKleSQfzDjGbkgHkgecUWOl2lmvWHLL7gxkmXgZKUGGaq/41elHLAlRGiao1m3PjU03pcpwJnBS6CQaY8pGdIBtSyUNUXfT2aETcmKVPgkiZUsaMlN/T6Q01Hoc+rYzpGaoF72p+J/XTkxw0025jBODks0XBYkgJiLTr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfHmZNM7L3lX5snZRqtxmceThCI7hFDy4hgrcQxXqwADhGV7hzXl0Xpx352PemnOymUP4A+fzB3TFjLk=</latexit>

+

❖ We can systematically compute 



❖  CFT is now solved 

❖ We can go to higher order 

• e.g., 3rd order 

• Verified 2nd order shape dependence 

• Solve 3rd order shape dependence

Higher Order Variation



Outlooks

❖  Bootstrap the connected correlation functions

Spectrum of single trace local operators

+ Spectrum of boundary operators

+ Evolution equation

<latexit sha1_base64="ll8MiXKCnPk6iU4vmCepGnZz4ME=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7gkqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD1q+j5c=</latexit>

!
<latexit sha1_base64="OcGC9/YSUbbxrs5aTGZ4yqfy7jQ=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2k3bpZhN2N0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqzU7ikqhwL75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n83On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rwxs+4TFKDki0WhakgJiaz38mAK2RGTCyhTHF7K2EjqigzNqGSDcFbfnmVtC6q3lX18qFWqd/mcRThBE7hHDy4hjrcQwOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD2P0j50=</latexit>

!<latexit sha1_base64="TE5lTzTJebBAHvwXgLq7Q5MIFH0=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KomKeix68VjBfkAbymYzaZdudsPuplhC/4kXD4p49Z9489+4bXPQ1gcDj/dmmJkXppxp43nfzsrq2vrGZmmrvL2zu7fvHhw2tcwUhQaVXKp2SDRwJqBhmOHQThWQJOTQCod3U781AqWZFI9mnEKQkL5gMaPEWKnnul0DTyanUgigBqJJz614VW8GvEz8glRQgXrP/epGkmYJCEM50brje6kJcqIMoxwm5W6mISV0SPrQsVSQBHSQzy6f4FOrRDiWypYweKb+nshJovU4CW1nQsxAL3pT8T+vk5n4JsiZSDMDgs4XxRnHRuJpDDhiyv7Lx5YQqpi9FdMBUcRmoHTZhuAvvrxMmudV/6p68XBZqd0WcZTQMTpBZ8hH16iG7lEdNRBFI/SMXtGbkzsvzrvzMW9dcYqZI/QHzucPVcmUHw==</latexit>

connected

❖  Solve the path dependence explicitly

❖  Bootstrap more complicated/general defects?  

!  general lesson: 1d conformal defect leads to non-trivial constraint          

beyond linear order

<latexit sha1_base64="Os8TpyWJlcwi6yXrpCoLzulLyJ0="></latexit>

!O! ,! s(x1, n1)W[x(á)]O! ,s(x0, n0)" =
(n+

0 /n +
1 )s

|x0 # x1|2! $ F [x(á)]



Thank you!



Chern-Simons Matter Duality
UV

IR

Critical Fermion

Free Fermion

Free Scalar

Critical Scalar

RG RG

Planar Limit:

<latexit sha1_base64="GvAX3eDfwN9/JPqtq3N/XdX6IzQ="></latexit>

Sfer
E = SCS +

Z
d3x  ̄ · �µDµ 

<latexit sha1_base64="zzWDPj08uMxXngK4sEV/xU1zT/Q="></latexit>

Sbos
E = SCS +

Z
d3x (Dµ�)

† ·Dµ�+
�6

N2
(��†)3

<latexit sha1_base64="MtfS3WsT0ZEyxYihl9i6xZG4sG8=">AAACE3icbVDLSsNAFJ3UV62vqEs3o0WoIiVRUTdC0Y24qmAf0LRhMpm0QyeZMDMRSsg/uPFX3LhQxK0bd/6N08dCWw9cOJxzL/fe48WMSmVZ30Zubn5hcSm/XFhZXVvfMDe36pInApMa5oyLpockYTQiNUUVI81YEBR6jDS8/vXQbzwQISmP7tUgJu0QdSMaUIyUllzz8LaTlqyDzE0dEUKPy+zSiXu04/io2yXC2XWwz9VQOnLNolW2RoCzxJ6QIpig6ppfjs9xEpJIYYakbNlWrNopEopiRrKCk0gSI9xHXdLSNEIhke109FMG97Xiw4ALXZGCI/X3RIpCKQehpztDpHpy2huK/3mtRAUX7ZRGcaJIhMeLgoRBxeEwIOhTQbBiA00QFlTfCnEPCYSVjrGgQ7CnX54l9eOyfVY+uTstVq4mceTBDtgDJWCDc1ABN6AKagCDR/AMXsGb8WS8GO/Gx7g1Z0xmtsEfGJ8/IvaduA==</latexit>

J (0)
bos = !   á! ,

<latexit sha1_base64="YF1dYCNTTK4fhahUgvDvJWTMiWQ=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZlRUTdC0Y24qmAf0BlLJpNpQzPJkGSEMswHuPFX3LhQxK0f4M6/MdN2oa0HAodzzuXmHj9mVGnb/rYKC4tLyyvF1dLa+sbmVnl7p6VEIjFpYsGE7PhIEUY5aWqqGenEkqDIZ6TtD69yv/1ApKKC3+lRTLwI9TkNKUbaSL1y5eY+rdqHWS91ZQRDIrML10fSjRV1cSB0TkzKrtljwHniTEkFTNHolb/cQOAkIlxjhpTqOnasvRRJTTEjWclNFIkRHqI+6RrKUUSUl46PyeCBUQIYCmke13Cs/p5IUaTUKPJNMkJ6oGa9XPzP6yY6PPdSyuNEE44ni8KEQS1g3gwMqCRYs5EhCEtq/grxAEmEtemvZEpwZk+eJ62jmnNaO749qdQvp3UUwR7YB1XggDNQB9egAZoAg0fwDF7Bm/VkvVjv1sckWrCmM7vgD6zPH3Cum0U=</latexit>
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❖ Relevant terms:

Second Order Variation

Bootstrap fixes those coefficients!

Must exist if non-zero!

One choice of scheme


