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Motivation:

  The Standard Model is renormalizable
  Gravity is not renormalizable
  Cosmological models are not renormalizable

Non-renormalizable theories are not accepted due to:

 UV divergences are not under control - infinite number of new types of  divergences
 The amplitudes increase with energy (in PT) and violate unitarity
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   In this talk I consider the first problem and try to answer the question: 

How one can obtain unambiguous predictions for the S-matrix in non-
renormalizable theories ?
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   The answer to the second problem was given  in our papers earlier: 

To sum up the leading asymptotics in all orders of PT (generalized RG) and to 
study the high-energy behaviour afterwards



Effective action and the S-matrix
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Effective action

Equation of motion
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S-matrix

 Is a classical background field
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the S-matrix



Use of equations of motion
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L[�] ! L[�] + L
0[�]��++O(�2)
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<latexit sha1_base64="L2EFZ1fmFYn4DTUrqaNS989lWLM=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuiqJFHUjFN24cFHBPiCJZTKdtkMnD2YmQolZ+CtuXCji1t9w5984bbPQ1gMXDufcy733+DFnUlnWt1FYWFxaXimultbWNza3zO2dpowSQWiDRDwSbR9LyllIG4opTtuxoDjwOW35w6ux33qgQrIovFOjmHoB7oesxwhWWuqYe6lLMEc32ZHj1gfsPiU88y6sjlm2KtYEaJ7YOSlDjnrH/HK7EUkCGirCsZSObcXKS7FQjHCaldxE0hiTIe5TR9MQB1R66eT+DB1qpYt6kdAVKjRRf0+kOJByFPi6M8BqIGe9sfif5ySqd+6lLIwTRUMyXdRLOFIRGoeBukxQovhIE0wE07ciMsACE6UjK+kQ7NmX50nzpGKfVqq31XLtMo+jCPtwAMdgwxnU4Brq0AACj/AMr/BmPBkvxrvxMW0tGPnMLvyB8fkD9TKVbg==</latexit>

L0[�cl] = 0

Field transformation

Coupling constant

Lagrangian  transformation

  The S-matrix elements with the proper external lines renormalization 
factors are not influenced by the replacement of the fields 

<latexit sha1_base64="4y0TPoxF7++TF+J9jGWl9PZYszI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBCih7ArQT0GvXiMaB6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/+YRK81g+mlGCfkT7koecUWOlh9L5WbdQdMvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDaH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJpXJS9y3LlvlKs3mRx5OAYTqAEHlxBFe6gBnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHOAaNHA==</latexit>

(⇤)

<latexit sha1_base64="4y0TPoxF7++TF+J9jGWl9PZYszI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBCih7ArQT0GvXiMaB6QLGF20psMmZ1dZmaFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSK4Nq777aysrq1vbOa28ts7u3v7hYPDho5TxbDOYhGrVkA1Ci6xbrgR2EoU0igQ2AyGt1O/+YRK81g+mlGCfkT7koecUWOlh9L5WbdQdMvuDGSZeBkpQoZat/DV6cUsjVAaJqjWbc9NjD+mynAmcJLvpBoTyoa0j21LJY1Q++PZqRNyapUeCWNlSxoyU39PjGmk9SgKbGdEzUAvelPxP6+dmvDaH3OZpAYlmy8KU0FMTKZ/kx5XyIwYWUKZ4vZWwgZUUWZsOnkbgrf48jJpXJS9y3LlvlKs3mRx5OAYTqAEHlxBFe6gBnVg0IdneIU3RzgvzrvzMW9dcbKZI/gD5/MHOAaNHA==</latexit>

(⇤)

  From this it follows that for any change in           which is proportional to           
does not influence  the  S-matrix. In other words one can use equations of motion 

<latexit sha1_base64="fHWi1VbJHJHMPSXE2W35g5BlhqY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegHjx4iGAekF3C7GQ2GTL7cKY3EJZ8hxcPinj1Y7z5N06SPWhiQUNR1U13l59IodG2v63Cyura+kZxs7S1vbO7V94/aOo4VYw3WCxj1fap5lJEvIECJW8nitPQl7zlD2+mfmvElRZx9IjjhHsh7UciEIyikTz3lkukxGVUkvtuuWJX7RnIMnFyUoEc9W75y+3FLA15hExSrTuOnaCXUYWCST4puanmCWVD2ucdQyMacu1ls6Mn5MQoPRLEylSEZKb+nshoqPU49E1nSHGgF72p+J/XSTG48jIRJSnyiM0XBakkGJNpAqQnFGcox4ZQpoS5lbABVZShyalkQnAWX14mzbOqc1E9fziv1K7zOIpwBMdwCg5cQg3uoA4NYPAEz/AKb9bIerHerY95a8HKZw7hD6zPH6jfkWM=</latexit>

�L
<latexit sha1_base64="QGkjAFVQhNZeykmT7WNHBY8Mc3I=">AAAB+HicbVBNS8NAEJ34WetHox69LBbRU0mkqMeiFw8eKtgPSELZbDft0s0m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTGnH+bZWVtfWNzZLW+Xtnd29ir1/0FZJJgltkYQnshtiRTkTtKWZ5rSbSorjkNNOOLqZ+p1HKhVLxIMepzSI8UCwiBGsjdSzK7lPMEd3k1PPbw5Z0LOrTs2ZAS0TtyBVKNDs2V9+PyFZTIUmHCvluU6qgxxLzQink7KfKZpiMsID6hkqcExVkM8On6ATo/RRlEhTQqOZ+nsix7FS4zg0nTHWQ7XoTcX/PC/T0VWQM5FmmgoyXxRlHOkETVNAfSYp0XxsCCaSmVsRGWKJiTZZlU0I7uLLy6R9XnMvavX7erVxXcRRgiM4hjNw4RIacAtNaAGBDJ7hFd6sJ+vFerc+5q0rVjFzCH9gff4A3ZKSlg==</latexit>

L0[�]

to simplify expressions for
<latexit sha1_base64="fHWi1VbJHJHMPSXE2W35g5BlhqY=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegHjx4iGAekF3C7GQ2GTL7cKY3EJZ8hxcPinj1Y7z5N06SPWhiQUNR1U13l59IodG2v63Cyura+kZxs7S1vbO7V94/aOo4VYw3WCxj1fap5lJEvIECJW8nitPQl7zlD2+mfmvElRZx9IjjhHsh7UciEIyikTz3lkukxGVUkvtuuWJX7RnIMnFyUoEc9W75y+3FLA15hExSrTuOnaCXUYWCST4puanmCWVD2ucdQyMacu1ls6Mn5MQoPRLEylSEZKb+nshoqPU49E1nSHGgF72p+J/XSTG48jIRJSnyiM0XBakkGJNpAqQnFGcox4ZQpoS5lbABVZShyalkQnAWX14mzbOqc1E9fziv1K7zOIpwBMdwCg5cQg3uoA4NYPAEz/AKb9bIerHerY95a8HKZw7hD6zPH6jfkWM=</latexit>

�L



<latexit sha1_base64="1tusij889YkRSU5/Fy8RE1MH4Is=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoCCWRom4KRV24EK1gH9DEMJlO2qGTBzMToYZ8hBt/xY0LRdy6cOffOG2z0NYDFw7n3Mu997gRo0IaxreWm5tfWFzKLxdWVtfWN/TNraYIY45JA4cs5G0XCcJoQBqSSkbaESfIdxlpuYOzkd+6J1zQMLiVw4jYPuoF1KMYSSU5+oF1TphEMLEwYvAyrUJLxL6T0KqZ3l3BB4fCa4eWrHqf7jt60SgbY8BZYmakCDLUHf3L6oY49kkgMUNCdEwjknaCuKSYkbRgxYJECA9Qj3QUDZBPhJ2Mn0rhnlK60Au5qkDCsfp7IkG+EEPfVZ0+kn0x7Y3E/7xOLL0TO6FBFEsS4MkiL2ZQhnCUEOxSTrBkQ0UQ5lTdCnEfcYSlyrGgQjCnX54lzcOyeVSu3FSKtdMsjjzYAbugBExwDGrgAtRBA2DwCJ7BK3jTnrQX7V37mLTmtGxmG/yB9vkDMYudBw==</latexit>

�L =
NX

i=1

ziOi(�)

<latexit sha1_base64="jsXwYff9rxaI/1NhbkQLu59YJpg="></latexit>

�L =
NX

i=1

M=N�KX

j=1

cijziOj(�) +
KX

j=1

zj�jRj(�)

<latexit sha1_base64="4Dm3rO3SOBlIA498QgTQhmg+DD8="></latexit>

�L̃ =
NX

i=1

M=N�KX

j=1

cijziÕj(�cl)

Local counter terms on mass shell

Counter terms

Equations of motion

Local operators

Off shell 

On shell

<latexit sha1_base64="kMOBKNzOrSdHN9grs/HpyPfUbpE=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXinoRil48VrEfsF1KNk3b2GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAW3IDrfju5ldW19Y38ZmFre2d3r7h/0DQq0ZQ1qBJKt0NimOCSNYCDYO1YMxKFgrXC0c3Ubz0xbbiSDzCOWRCRgeR9TglYyb/vPpY79SE/vXK7xZJbcWfAy8TLSAllqHeLX52eoknEJFBBjPE9N4YgJRo4FWxS6CSGxYSOyID5lkoSMROks5Mn+MQqPdxX2pYEPFN/T6QkMmYchbYzIjA0i95U/M/zE+hfBimXcQJM0vmifiIwKDz9H/e4ZhTE2BJCNbe3YjokmlCwKRVsCN7iy8ukeVbxzivVu2qpdp3FkUdH6BiVkYcuUA3dojpqIIoUekav6M0B58V5dz7mrTknmzlEf+B8/gDFUJBH</latexit>

Rj(�) = 0



<latexit sha1_base64="UWwhPNZxxf1ENYGrGyosf27AkMs="></latexit>

L =
1

2
(@µ�)

2 � 1

2
m2�2 � �

4!
�4

<latexit sha1_base64="WKkt5Pn/PcWAo/7CwmSD2MWRia8="></latexit>

�L = �z1
1

2
�@2�� 1

2
z2m

2�2 � z4
�

4!
�4,

�L = �1

2
(z2 � z1)m

2�2 � (z4 � 2z1)
�

4!
�4 � z1

2
�(@2�+m2�+

�

6
�3),

�L̃ = �1

2
(z2 � z1)m

2�2 � (z4 � 2z1)
�

4!
�4,

<latexit sha1_base64="CNf/0Dnp14T2DnZ9vNSfpO0PpBw=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwYUtSiroRim5cVrAPaEOYTCbt0JkkzEyEJnTrxl9x40IRt/6BO//GaZuFth4YOJxzD3fu8WJGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRklApMWjlgkuh6ShNGQtBRVjHRjQRD3GOl4o5up33kgQtIovFfjmDgcDUIaUIyUllwTpi6/St1aJXXts1Lq9pnO+khL9UpNm7Zrlq2qNQNcJnZOyiBH0zW/+n6EE05ChRmSsmdbsXIyJBTFjExK/USSGOERGpCepiHiRDrZ7JIJPNGKD4NI6BcqOFN/JzLEpRxzT09ypIZy0ZuK/3m9RAWXTkbDOFEkxPNFQcKgiuC0FuhTQbBiY00QFlT/FeIhEggrXV5Jl2AvnrxM2rWqfV6t39XLjeu8jiI4AsfgFNjgAjTALWiCFsDgETyDV/BmPBkvxrvxMR8tGHnmEPyB8fkDkJCYWA==</latexit>

zm = z2 � z1, z� = z4 � 2z1

Local counter terms on mass shell
<latexit sha1_base64="AUNff/UopA4gXpUua0zaF3WOeEw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2ls120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFqp3U2G4qHaq/ZKZbfizkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN84p3UaneVcu16zyOAhzDCZyBB5dQg1uoQwMYSHiGV3hzHp0X5935mLeuOPnMEfyB8/kDbrGPlQ==</latexit>

�4
4

Off shell 

On shell

Renormalization of the couplings

<latexit sha1_base64="6ORHFtK8n1thrGpJVWq3wkgJesY=">AAACGnicbVDLSgMxFM3UV62vqks30SIIhTrTFnVTKLpxWcU+oNMOmUzGhmYyQ5IRytDvcOOvuHGhiDtx49+YtrPQ1gOBk3Puzc09bsSoVKb5bWSWlldW17LruY3Nre2d/O5eS4axwKSJQxaKjoskYZSTpqKKkU4kCApcRtru8Gritx+IkDTkd2oUkV6A7jn1KUZKS07eunWsmh0hoShi/TK0owGFxSBlRZvppzx0Wjmc3vuVmunkC2bJnAIuEislBZCi4eQ/bS/EcUC4wgxJ2bXMSPWSyUjMyDhnx5JECA/RPelqylFAZC+ZrjaGx1rxoB8KfbiCU/V3R4ICKUeBqysDpAZy3puI/3ndWPkXvYTyKFaE49kgP2ZQhXCSE/SoIFixkSYIC6r/CvEACYSVTjOnQ7DmV14krXLJOitVb6qF+mUaRxYcgCNwAixwDurgGjRAE2DwCJ7BK3gznowX4934mJVmjLRnH/yB8fUDPUyefg==</latexit>

R1 = @2�+m2�+ �/3!�3 = 0

Example: Renormalizable theories

Equation of motion



<latexit sha1_base64="NxJoT8Js+ZLYysEytj4qfXlXK6M="></latexit>

L = �1

4
Fµ⌫Fµ⌫ +  ̄(i@µ�

µ �m+ eAµ�
µ) 

<latexit sha1_base64="Jcu+P5UciKMPPwn1JjKIbMpK/sg="></latexit>

@µFµ⌫ + e ̄�µ = 0,

(i@µ�
µ �m+ eAµ�

µ) = 0

<latexit sha1_base64="qRojgckvgWnjzoBnBlrIJtaqXQs=">AAACxnicbVFdb9MwFHXC1wgf6+CRF4sKkapqlXQV4wVpMIT2wMOQ6DapLtGN63bWbCeyHVAbVeI38sYD/wW7DRt0XMnS0Tn3+Nj35qXgxibJzyC8dfvO3Xs796MHDx893m3tPTk1RaUpG9FCFPo8B8MEV2xkuRXsvNQMZC7YWX555PWzr0wbXqjPdlGyiYS54jNOwToqa/0i75mwUBMKAn9cvenFy5e9ZTboS JKDJqXh/nSjeJmlnu+RmQaK0wFeZvsdhv90Yfw2I7Iic5ASvnjkrQRHzrTfeIY4/pDVXlPV6hp1B+zqlo0/a/ydrku80mL3FNCWg/A6vo7CPdll2/kd78la7aSfrAvfBGkD2qipk6z1g0wLWkmmLBVgzDhNSjupfSwVbBWRyrAS6CXM2dhBBZKZSb1ewwq/cMwUzwrtjrJ4zf7tqEEas5C565RgL8y25sn/aePKzl5Paq7KyjJFN0GzSmBbYL9TPOWaUSsWDgDV3L0V0wtwM7du85EbQrr95ZvgdNBPX/WHn4btw3fNOHbQM/QcxShFB+gQHaMTNEI0OAp4oAMTHocqrMJvm9YwaDxP0T8Vfv8Nvz7Zww==</latexit>

�L = �(z0 � z2)m ̄ + (z1 � z2 �
1

2
z3)e ̄Aµ�

µ 

�z3
1

4
(Fµ⌫Fµ⌫ + 2e ̄�µ ) + z2 ̄(i@µ�

µ �m+ eAµ�
µ) 

<latexit sha1_base64="DpzGlNozYjIkRVSCFqLmZHvRpy0="></latexit>

�L̃ = �(z0 � z2)m ̄ + (z1 � z2 �
1

2
z3)e ̄Aµ�

µ .

<latexit sha1_base64="eIT+oNzG/cXSd9IlKBLrFiubH1A="></latexit>

�L = �z3
1

4
Fµ⌫Fµ⌫ + z2 ̄i@µ�

µ � z0m ̄ + z1e ̄Aµ�
µ 

QED
Lagrangian

Equations of motion

Counter terms

Off shell 

On shell

Renormalization of the couplings

<latexit sha1_base64="7EM96L2S1hr1Gfq7MC3SFdAbwMc=">AAACEXicbZC7TsMwFIadcivlFmBksagQHWiVlApYKlWwMBaJXqQmihzXaa06F9kOUlP1FVh4FRYGEGJlY+NtcNoM0HIsS7++/xzZ53cjRoU0jG8tt7K6tr6R3yxsbe/s7un7B20RxhyTFg5ZyLsuEoTRgLQklYx0I06Q7zLScUc3qd95IFzQMLiX44jYPhoE1KMYSYUcvZQ4fj05LSdO9Qxa6iQOqSeOmYKy5XGEoVlV8NzRi0bFmBVcFmYmiiCrpqN/Wf0Qxz4JJGZIiJ5pRNKeIC4pZmRasGJBIoRHaEB6SgbIJ8KezDaawhNF+tALubqBhDP6e2KCfCHGvqs6fSSHYtFL4X9eL5belT2hQRRLEuD5Q17MoAxhGg/sU06wZGMlEOZU/RXiIVIxSBViQYVgLq68LNrVinlRqd3Vio3rLI48OALHoARMcAka4BY0QQtg8AiewSt40560F+1d+5i35rRs5hD8Ke3zB8HSmnU=</latexit>

zm = z0 � z2, ze = z1 � z2 �
1

2
z3



<latexit sha1_base64="SM3nocizR643v/mY95qBFnxsefo="></latexit>

�L1 ⇠ �2(s+ t+ u)�4(
1

✏
+ c11)

<latexit sha1_base64="ULmX5uIv13EyXE6VgReTv13oLUg="></latexit>

�L1 ⇠ �2@2�2�2(
1

✏
+ c11),

Loop Expansion (non-renormalizable case)

UV divergences 
within dim reg 

<latexit sha1_base64="L/f+FT+WdL9IAYqkKUyKoyeeKIQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xkUcCK5kdemHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fip3U2G/KHSq/aKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+Z3zslZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2POlzhcyIsSWUKW5vJWxIFWXGRlSwIXjLL6+S5kXZq5Yrd5VS7TqLIw8ncArn4MEl1OAW6tAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/AHG5j5c=</latexit>

�4
6

Momentum space

Coordinate space

Off shell 

On shell
<latexit sha1_base64="PeAahv/zokzeGIgHqipn8TPc6Qk="></latexit>

�L̃ = �2@2�2�2(
1

✏
+ c11 + c21)

<latexit sha1_base64="2I+IOryW36lI2MFvjwgky44URYo="></latexit>

+�3[@4�2�2(
1

✏2
+

1

✏
+ c12 + c22 + c32) + @2�2@2�2(

1

✏2
+

1

✏
+ c13 + c23)] + ...



<latexit sha1_base64="Z044AUEsTA/88MosRQJL2PNhdTY="></latexit>

A4 = �+A�2(
3

✏
� log(s/µ)� log(t/µ)� log(u/µ)) + ...

<latexit sha1_base64="aEPAaSqpMH1uN0ny3uvQGX2y2Gg="></latexit>

�L = A
�2

4!
�4(�3

✏
� c)

<latexit sha1_base64="IyixfMVSq/TWbVMoPtq9R2XbYfg="></latexit>

Afinite
4 = �+A�2(� log(s/µ)� log(t/µ)� log(u/µ)� c) + ...

<latexit sha1_base64="wMexajJ4rfAKv2Lc1eQDa/jWbAg=">AAACMXicbVBdSwJBFJ3t0+xrq8dehiRQItsVqV4CrRcfDfID3HWZnR11cPaDmdlAxL/US/8kevGhiF77E426QmoXBs459x7u3ONGjAppGGNtbX1jc2s7tZPe3ds/ONSPjusijDkmNRyykDddJAijAalJKhlpRpwg32Wk4fYfJv3GM+GChsGTHETE9lE3oB2KkVSSo1fKTrFt3EGLKY+HLspz1C5kLRZ2s8Ixriw/zl1OmVxg8ZzhXN7RM0bemBZcBWYCMiCpqqO/WV6IY58EEjMkRMs0ImkPEZcUMzJKW7EgEcJ91CUtBQPkE2EPpxeP4LlSPNgJuXqBhFP1r2OIfCEGvqsmfSR7Yrk3Ef/rtWLZubWHNIhiSQI8W9SJGZQhnMQHPcoJlmygAMKcqr9C3EMcYalCTqsQzOWTV0G9kDev88XHYqZ0n8SRAqfgDGSBCW5ACVRAFdQABi/gHXyAT+1VG2tf2vdsdE1LPCdgobSfX9n7pl8=</latexit>

A0
4 = �+A�2(log(s0/µ)� log(t0/µ)� log(u0/µ)� c).

<latexit sha1_base64="+2aWs4dZTwmcsMDRfTAV/OC0fiA="></latexit>

� = A0
4 + (A0

4)
2A(log(s0/µ)� log(t0/µ)� log(u0/µ)� c)

<latexit sha1_base64="drEsJSP1rqonuVJYPoB2ou1c7KU="></latexit>

Afinite
4 = A0

4 + (A0
4)

2A(� log(s/s0)� log(t/t0)� log(u/u0)) + ...

The Amplitudes

<latexit sha1_base64="AUNff/UopA4gXpUua0zaF3WOeEw=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KokU9Vj04rGC/YA2ls120y7dbOLuRCihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKzucZxwP6IDJULBKFqp3U2G4qHaq/ZKZbfizkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Tshp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDKz4RKUuSKzReFqSQYk+nzpC80ZyjHllCmhb2VsCHVlKGNqGhD8BZfXibN84p3UaneVcu16zyOAhzDCZyBB5dQg1uoQwMYSHiGV3hzHp0X5935mLeuOPnMEfyB8/kDbrGPlQ==</latexit>

�4
4 One loop

Normalization

Arbitrary constant

Renormalizable case

Summary:  To fix the arbitrariness it is enough to put one condition on one 
scattering amplitude.  All the rest is calculated unambiguously.



<latexit sha1_base64="p208XAIeHmwq7t3GXf6gvGddgpo="></latexit>

�L = @2�2�2A�2 ⇥ 0 +B�3�6(�1

✏
� c)

<latexit sha1_base64="Lpic2NtOc4i6Lf7lLtLlcpw1odw="></latexit>

Afinite
4 = �+A�2(�s log(s/u)� t log(t/u)),

Afinite
6 = B�3(� logQ/µ� c).

<latexit sha1_base64="Cb9k/chRv0i99TRmJGqZuB74rEA=">AAACJXicbVDLSgMxFM3UV62vUZduBovQIq0zpagLhVY3LivYB3SmQyZN29DMg+SOUEp/xo2/4saFRQRX/oppOwutHgg5nHMPyT1exJkE0/zUUiura+sb6c3M1vbO7p6+f9CQYSwIrZOQh6LlYUk5C2gdGHDaigTFvsdp0xvezvzmIxWShcEDjCLq+LgfsB4jGJTk6ldVt9wxr22uIl18Wk1Ip5QrSNe0edjPqfssds18ARIBEiHv6lmzaM5h/CVWQrIoQc3Vp3Y3JLFPAyAcS9m2zAicMRbACKeTjB1LGmEyxH3aVjTAPpXOeL7lxDhRStfohUKdAIy5+jMxxr6UI99Tkz6GgVz2ZuJ/XjuG3qUzZkEUAw3I4qFezA0IjVllRpcJSoCPFMFEMPVXgwywwARUsRlVgrW88l/SKBWt82L5vpyt3CR1pNEROkY5ZKELVEF3qIbqiKAn9ILe0FR71l61d+1jMZrSkswh+gXt6xtiyaIa</latexit>

A0
4 = �+A�2(�s0 log(s0/u0)� t0 log(t0/u0))

<latexit sha1_base64="GAgH7rUWlv9UR126+ELS6tc+7zs=">AAACDHicbVC9TsMwGHTKXyl/BUYWiwqpDJQEqsKCVMrC2Er0R2rSyHHc1qrjRLaDVEV9ABZehYUBhFh5ADbeBrfNAIWTLJ3vvpP9nRcxKpVpfhmZpeWV1bXsem5jc2t7J7+715JhLDBp4pCFouMhSRjlpKmoYqQTCYICj5G2N7qZ+u17IiQN+Z0aR8QJ0IDTPsVIacnNF67dSs+8qkGb6ZCPeuewCE/0LRzAhmue2kF8rKfMkjkD/EuslBRAirqb/7T9EMcB4QozJGXXMiPlJEgoihmZ5OxYkgjhERqQrqYcBUQ6yWyZCTzSig/7odCHKzhTfyYSFEg5Djw9GSA1lIveVPzP68aqf+kklEexIhzPH+rHDKoQTpuBPhUEKzbWBGFB9V8hHiKBsNL95XQJ1uLKf0nrrGRVSuVGuVCtpXVkwQE4BEVggQtQBbegDpoAgwfwBF7Aq/FoPBtvxvt8NGOkmX3wC8bHN8XjmEw=</latexit>

A0
6 = B�3(� logQ0/µ)

<latexit sha1_base64="6hM8v9CKuocIWzpGlalCJjhbpKo="></latexit>

A4 = �+A�2(
s+ t+ u

✏
� s log(s/µ)� t log(t/µ)� u log(u/µ)) + ...

= �+A�2(�s log(s/u)� t log(t/u)) + ...
<latexit sha1_base64="JoQdm2ZxX6ZTVmSeCpg8YH9G1o8="></latexit>

A6 = B�3(
1

✏
� logQ/µ) + ...

The Amplitudes
Non-Renormalizable case

<latexit sha1_base64="L/f+FT+WdL9IAYqkKUyKoyeeKIQ=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY9ELx4xkUcCK5kdemHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fip3U2G/KHSq/aKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+Z3zslZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmv/AmXSWpQssWiMBXExGT2POlzhcyIsSWUKW5vJWxIFWXGRlSwIXjLL6+S5kXZq5Yrd5VS7TqLIw8ncArn4MEl1OAW6tAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/AHG5j5c=</latexit>

�4
6

<latexit sha1_base64="bLDqG85BzeHP/17nqOhKplYgHbY=">AAAB73icbVBNS8NAEJ34WetX1aOXxSIIhZJIUS9C0YvHCvYD2lA22027dLOJuxOhhP4JLx4U8erf8ea/MWlz0NYHA4/3ZpiZ50VSGLTtb2tldW19Y7OwVdze2d3bLx0ctkwYa8abLJSh7njUcCkUb6JAyTuR5jTwJG9749vMbz9xbUSoHnAScTegQyV8wSimUsdUsBJf28V+qWxX7RnIMnFyUoYcjX7pqzcIWRxwhUxSY7qOHaGbUI2CST4t9mLDI8rGdMi7KVU04MZNZvdOyWmqDIgf6rQUkpn6eyKhgTGTwEs7A4ojs+hl4n9eN0b/yk2EimLkis0X+bEkGJLseTIQmjOUk5RQpkV6K2EjqinDNKIsBGfx5WXSOq86F9Xafa1cv8njKMAxnMAZOHAJdbiDBjSBgYRneIU369F6sd6tj3nripXPHMEfWJ8/hS2O/A==</latexit>

s+ t+ u = 0

On shell

Normalization

Summary: to fix the complete arbitrariness in the amplitudes on the mass shell it is 
necessary to impose an infinite number of conditions on the 4-point amplitude (in the 

finite order of PT, the number of conditions is finite) and one on the 6-point 
amplitude. 

Arbitrary constant
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on the 6-point amplitude.The first fixes     and c (    will fall out), and the second - 

Arbitrary constants

<latexit sha1_base64="17uLZNb/VNp8GvRCREwKhhqZTpc=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4xkUcCK5kdemHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fip3U2G/KHSq/aKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+Z3zslZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmr/oTLJDUo2WJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJ86LsXZYrd5VS7TqLIw8ncArn4MEV1OAW6tAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/AHTBj5k=</latexit>

�4
8

<latexit sha1_base64="6/wmRA3BRCBOXvA5UK8XWVaVBvs="></latexit>

A4 = �+A�2(
s2 + t2 + u2

✏
� s2 log(s/µ)� t2 log(t/µ)� u2 log(u/µ)) + ...

<latexit sha1_base64="BotjUZ/CAhA2LhC3p0XAjhMq1Z4="></latexit>

A6 = B�3Q2(
1

✏
� logQ/µ) + ...

<latexit sha1_base64="vZbkxXEkEacAXIY3RueFp20A+XI=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiOOMFO1GqIrgsoJ9QKeWTJppQzPJkGSEUvodbvwVNy4UcSdu/BvTdhZqPRA4nHMPN/cEMaNKu+6XlZmbX1hcyi7nVlbX1jfsza2aEonEpIoFE7IRIEUY5aSqqWakEUuCooCRetC/HPv1eyIVFfxWD2LSilCX05BipI3Utr3zdukMXvnMRDrorggLfigRhp5PYkWZ4PDQZ6ILK0d+lOwfOI7TtvOu404AZ4mXkjxIUWnbH35H4CQiXGOGlGp6bqxbQyQ1xYyMcn6iSIxwH3VJ01COIqJaw8lpI7hnlA4MhTSPazhRfyaGKFJqEAVmMkK6p/56Y/E/r5nosNQaUh4nmnA8XRQmDGoBxz3BDpUEazYwBGFJzV8h7iFTjTZt5kwJ3t+TZ0nt2PFOnOJNMV++SOvIgh2wCwrAA6egDK5BBVQBBg/gCbyAV+vRerberPfpaMZKM9vgF6zPb1qYnfQ=</latexit>

A8 = E�4(
1

✏
� logP/µ) + ...

<latexit sha1_base64="pdS3oplO2GdhHxW0h2VqUre13N4="></latexit>

�L = @4�2�2A�2(�1

✏
� c1) +B�3@2�2�4(�1

✏
� c2) + E�4�8(�1

✏
� c3)

<latexit sha1_base64="3WWTDZNIvICwSj0JrmIAXGki16A="></latexit>

�L̃ = @4�2�2A�2(�A+B + E

✏
� c1 � c2 � c3) = @4�2�2A�2(�A+B + E

✏
� c),

Off shell 

<latexit sha1_base64="tn0CGgTI6AVB2VI5hxpyOLYJF2s="></latexit>

Afinite
4 = �+A�2(�s2 log(s/µ)� t2 log(t/µ)� u2 log(u/µ)� c(s2 + t2 + u2)) + ...

<latexit sha1_base64="USKWZiHkXtu7msuvCEgmxvaxLMI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoqONMLdWNUOvGZQv2AX2RSTNtaCYzJBmhDP0NN/6KGxeKuNSVf2P6WGjrgcDhnHu4uccNGZXKtr+NxNLyyupacj21sbm1vWPu7lVlEAlMKjhggai7SBJGOakoqhiph4Ig32Wk5g5ux37tgQhJA36vhiFp+ajHqUcxUlrqmPZNJ9+OPcqpIqPrImwyne2i9gUst7MZeKaFoAfL500/Oj6xLOu0Y6Zty54ALhJnRtJghlLH/Gx2Axz5hCvMkJQNxw5VK0ZCUczIKNWMJAkRHqAeaWjKkU9kK55cNoJHWulCLxD6cQUn6u9EjHwph76rJ32k+nLeG4v/eY1IeVetmPIwUoTj6SIvYlAFcFwT7FJBsGJDTRAWVP8V4j4SCCtdZkqX4MyfvEiqWcvJW7lyLl0ozupIggNwCDLAAZegAO5ACVQABo/gGbyCN+PJeDHejY/paMKYZfbBHxhfP0C4nUg=</latexit>

Afinite
6 = B�3Q2(� logQ/µ) + ...,

<latexit sha1_base64="wWJ9GIPnAf0dwt+0W/1XDWhWPjQ=">AAACFXicbVDLSgMxFM34rPVVdekmWISKOs5I0W6EqgguK9gHdKZDJs20oZnMkGSEMvQn3Pgrblwo4lZw59+YPhbaeiBwOOcebu7xY0alsqxvY25+YXFpObOSXV1b39jMbW3XZJQITKo4YpFo+EgSRjmpKqoYacSCoNBnpO73rod+/YEISSN+r/oxcUPU4TSgGCktebmjS6/USgPKqSKDC3jjMJ1to1YRFuAxdFjUgZUTJ0wODk3T9HJ5y7RGgLPEnpA8mKDi5b6cdoSTkHCFGZKyaVuxclMkFMWMDLJOIkmMcA91SFNTjkIi3XR01QDua6UNg0joxxUcqb8TKQql7Ie+ngyR6sppbyj+5zUTFZTclPI4UYTj8aIgYVBFcFgRbFNBsGJ9TRAWVP8V4i4SCCtdZFaXYE+fPEtqp6Z9Zhbvivny1aSODNgFe6AAbHAOyuAWVEAVYPAInsEreDOejBfj3fgYj84Zk8wO+APj8wfhKpwY</latexit>

Afinite
8 = E�4(� logP/µ) + ...

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�
<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ
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<latexit sha1_base64="17uLZNb/VNp8GvRCREwKhhqZTpc=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY5ELx4xkUcCK5kdemHC7Ow6M2tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaHSPJb3ZpygH9GB5CFn1Fip3U2G/KHSq/aKJbfszkFWiZeREmSo94pf3X7M0gilYYJq3fHcxPgTqgxnAqeFbqoxoWxEB9ixVNIItT+Z3zslZ1bpkzBWtqQhc/X3xIRGWo+jwHZG1Az1sjcT//M6qQmr/oTLJDUo2WJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJ86LsXZYrd5VS7TqLIw8ncArn4MEV1OAW6tAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/AHTBj5k=</latexit>
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<latexit sha1_base64="6/wmRA3BRCBOXvA5UK8XWVaVBvs="></latexit>

A4 = �+A�2(
s2 + t2 + u2

✏
� s2 log(s/µ)� t2 log(t/µ)� u2 log(u/µ)) + ...

<latexit sha1_base64="BotjUZ/CAhA2LhC3p0XAjhMq1Z4="></latexit>

A6 = B�3Q2(
1

✏
� logQ/µ) + ...

<latexit sha1_base64="vZbkxXEkEacAXIY3RueFp20A+XI=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoiOOMFO1GqIrgsoJ9QKeWTJppQzPJkGSEUvodbvwVNy4UcSdu/BvTdhZqPRA4nHMPN/cEMaNKu+6XlZmbX1hcyi7nVlbX1jfsza2aEonEpIoFE7IRIEUY5aSqqWakEUuCooCRetC/HPv1eyIVFfxWD2LSilCX05BipI3Utr3zdukMXvnMRDrorggLfigRhp5PYkWZ4PDQZ6ILK0d+lOwfOI7TtvOu404AZ4mXkjxIUWnbH35H4CQiXGOGlGp6bqxbQyQ1xYyMcn6iSIxwH3VJ01COIqJaw8lpI7hnlA4MhTSPazhRfyaGKFJqEAVmMkK6p/56Y/E/r5nosNQaUh4nmnA8XRQmDGoBxz3BDpUEazYwBGFJzV8h7iFTjTZt5kwJ3t+TZ0nt2PFOnOJNMV++SOvIgh2wCwrAA6egDK5BBVQBBg/gCbyAV+vRerberPfpaMZKM9vgF6zPb1qYnfQ=</latexit>

A8 = E�4(
1

✏
� logP/µ) + ...

<latexit sha1_base64="pdS3oplO2GdhHxW0h2VqUre13N4="></latexit>

�L = @4�2�2A�2(�1

✏
� c1) +B�3@2�2�4(�1

✏
� c2) + E�4�8(�1

✏
� c3)

<latexit sha1_base64="3WWTDZNIvICwSj0JrmIAXGki16A="></latexit>

�L̃ = @4�2�2A�2(�A+B + E

✏
� c1 � c2 � c3) = @4�2�2A�2(�A+B + E

✏
� c),

Off shell 

<latexit sha1_base64="tn0CGgTI6AVB2VI5hxpyOLYJF2s="></latexit>

Afinite
4 = �+A�2(�s2 log(s/µ)� t2 log(t/µ)� u2 log(u/µ)� c(s2 + t2 + u2)) + ...

<latexit sha1_base64="USKWZiHkXtu7msuvCEgmxvaxLMI=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoqONMLdWNUOvGZQv2AX2RSTNtaCYzJBmhDP0NN/6KGxeKuNSVf2P6WGjrgcDhnHu4uccNGZXKtr+NxNLyyupacj21sbm1vWPu7lVlEAlMKjhggai7SBJGOakoqhiph4Ig32Wk5g5ux37tgQhJA36vhiFp+ajHqUcxUlrqmPZNJ9+OPcqpIqPrImwyne2i9gUst7MZeKaFoAfL500/Oj6xLOu0Y6Zty54ALhJnRtJghlLH/Gx2Axz5hCvMkJQNxw5VK0ZCUczIKNWMJAkRHqAeaWjKkU9kK55cNoJHWulCLxD6cQUn6u9EjHwph76rJ32k+nLeG4v/eY1IeVetmPIwUoTj6SIvYlAFcFwT7FJBsGJDTRAWVP8V4j4SCCtdZkqX4MyfvEiqWcvJW7lyLl0ozupIggNwCDLAAZegAO5ACVQABo/gGbyCN+PJeDHejY/paMKYZfbBHxhfP0C4nUg=</latexit>

Afinite
6 = B�3Q2(� logQ/µ) + ...,

<latexit sha1_base64="wWJ9GIPnAf0dwt+0W/1XDWhWPjQ=">AAACFXicbVDLSgMxFM34rPVVdekmWISKOs5I0W6EqgguK9gHdKZDJs20oZnMkGSEMvQn3Pgrblwo4lZw59+YPhbaeiBwOOcebu7xY0alsqxvY25+YXFpObOSXV1b39jMbW3XZJQITKo4YpFo+EgSRjmpKqoYacSCoNBnpO73rod+/YEISSN+r/oxcUPU4TSgGCktebmjS6/USgPKqSKDC3jjMJ1to1YRFuAxdFjUgZUTJ0wODk3T9HJ5y7RGgLPEnpA8mKDi5b6cdoSTkHCFGZKyaVuxclMkFMWMDLJOIkmMcA91SFNTjkIi3XR01QDua6UNg0joxxUcqb8TKQql7Ie+ngyR6sppbyj+5zUTFZTclPI4UYTj8aIgYVBFcFgRbFNBsGJ9TRAWVP8V4i4SCCtdZFaXYE+fPEtqp6Z9Zhbvivny1aSODNgFe6AAbHAOyuAWVEAVYPAInsEreDOejBfj3fgYj84Zk8wO+APj8wfhKpwY</latexit>

Afinite
8 = E�4(� logP/µ) + ...

<latexit sha1_base64="l6v7b8WEz3KlQh/xTtq1s64OQWE=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6rLoxmUF+4A2lJvJpB06mYSZiVBCP8KNC0Xc+j3u/BunbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwSVrGW4E66aKYRwI1gnGdzO/88SU5ol8NJOU+TEOJY84RWOlTl/YaIiDas2tu3OQVeIVpAYFmoPqVz9MaBYzaahArXuemxo/R2U4FWxa6WeapUjHOGQ9SyXGTPv5fN0pObNKSKJE2ScNmau/J3KMtZ7EgU3GaEZ62ZuJ/3m9zEQ3fs5lmhkm6eKjKBPEJGR2Owm5YtSIiSVIFbe7EjpChdTYhiq2BG/55FXSvqh7V/XLh8ta47aoowwncArn4ME1NOAemtACCmN4hld4c1LnxXl3PhbRklPMHMMfOJ8/P7OPhg==</latexit>

�
<latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ <latexit sha1_base64="9W6W5mEAPHuoMKZo9Hi0v0h0Abk=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21okl2SrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6tJOEBZIMFY84JdZJDz2Z9ssVr+rNgVeJn5MK5Gj0y1+9QUxTyZSlghjT9b3EBhnRllPBpqVealhC6JgMWddRRSQzQTY/dYrPnDLAUaxdKYvn6u+JjEhjJjJ0nZLYkVn2ZuJ/Xje10XWQcZWklim6WBSlAtsYz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwBgTI3f</latexit>µ
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<latexit sha1_base64="nSslQi0xYzXut8LooPjK72jSAD4=">AAACCnicbVDLSgMxFM34rPU16tJNtIh1YZmRom6EokIFXVSxD+iUkkkzbWgmMyQZoQyzduOvuHGhiFu/wJ1/Y9rOQlsPXDg5515y73FDRqWyrG9jZnZufmExs5RdXlldWzc3NmsyiAQmVRywQDRcJAmjnFQVVYw0QkGQ7zJSd/sXQ7/+QISkAb9Xg5C0fNTl1KMYKS21zR3nkjCFYOxgxOBNki8fnMHD8ev6bj+B5baZswrWCHCa2CnJgRSVtvnldAIc+YQrzJCUTdsKVStGQlHMSJJ1IklChPuoS5qacuQT2YpHpyRwTysd6AVCF1dwpP6eiJEv5cB3daePVE9OekPxP68ZKe+0FVMeRopwPP7IixhUARzmAjtUEKzYQBOEBdW7QtxDAmGl08vqEOzJk6dJ7ahgHxeKt8Vc6TyNIwO2wS7IAxucgBK4AhVQBRg8gmfwCt6MJ+PFeDc+xq0zRjqzBf7A+PwBj/mYRQ==</latexit>

�L(G) = �KR0G
<latexit sha1_base64="v7Yuo+iZJmDQ7uDsrRnLh8J+M/M="></latexit>

R0G = G�
X

�

KR0
�G/� +

X

�,�0

KR0
�KR0

�0G/��0 � ...

Counter-terms on the mass shell

Four point amplitude divergent subgraphs

R’-operation

BPHZ R-operation

Polynomial on external momenta

Resume: To get the final S-matrix it is enough to have counter terms constructed on mass shell !
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Conclusions

   The use of equations of motion makes it possible to reduce the number of 
independent operators and limit it to a set of operators with a fixed number of 
external lines. 

 This opens up the possibility to work with non-renormalizable theories and 
obtain unambiguous predictions. The initial Lagrangian acquires an infinite 
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 In non-renormalized theories, the amplitudes grow with energy in each fixed 
order of perturbation theory    

  and one has to sum up the leading asymptotics in all orders of PT (generalized 
RG) and to study the high-energy behaviour afterwards
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