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• Maximally supersymmetric gauge theory in D=6,8,10 dimensions  SYM

• Scalar field theory in D=4,6,8,10 dimensions  

• Gauge theory in D=4,6,8 dimensions YM

• Supersymmetric Wess-Zumino model with quartic superpotential  in D=4            

Examples:

D
<latexit sha1_base64="Bau9oWS6bEdjOgjo5tvEF4KbogE=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0Q1GNQDx4jmAcka5id9CZDZmfXmVkhhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9dRvPqHSPJb3ZpSgH9G+5CFn1Fip1UkG/KHSvekWim7JnYEsEy8jRchQ6xa+Or2YpRFKwwTVuu25ifHHVBnOBE7ynVRjQtmQ9rFtqaQRan88u3dCTq3SI2GsbElDZurviTGNtB5Fge2MqBnoRW8q/ue1UxNe+mMuk9SgZPNFYSqIicn0edLjCpkRI0soU9zeStiAKsqMjShvQ/AWX14mjXLJOy+V7yrF6lUWRw6O4QTOwIMLqMIt1KAODAQ8wyu8OY/Oi/PufMxbV5xs5gj+wPn8AYZNj6M=</latexit>
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D
<latexit sha1_base64="ai+ZaZiHREXtvXAXUiKpOcpHh00=">AAAB73icbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xkUcCK5kdZmHC7Ow602tCCD/hxYPGePV3vPk3DrAHBSvppFLVne6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbmZ+64lrI2J1j+OE+xEdKBEKRtFK7W59KB6qvWqvWHLL7hxklXgZKUGGeq/41e3HLI24QiapMR3PTdCfUI2CST4tdFPDE8pGdMA7lioaceNP5vdOyZlV+iSMtS2FZK7+npjQyJhxFNjOiOLQLHsz8T+vk2J45U+ESlLkii0WhakkGJPZ86QvNGcox5ZQpoW9lbAh1ZShjahgQ/CWX14lzUrZuyhX7qql2nUWRx5O4BTOwYNLqMEt1KEBDCQ8wyu8OY/Oi/PufCxac042cwx/4Hz+ADzNj3M=</latexit>
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These are the toy models for (super) gravity - our aim

• R-operation equally works for NR theories and leads to local counter terms
• Due to locality all higher order divergences are related to the lower ones

  These properties allow one to write down the RG equations for the 
scattering amplitudes which sum up the leading divergences (logarithms)   and 
to find out the high energy behaviour 
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<latexit sha1_base64="wz1JZhP8j4WM4qO3hgFpDCk3lfY="></latexit>
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<latexit sha1_base64="nso+D+RqWqI/wqgjigeGNTqBe0w=">AAACBHicbZDLSsNAFIYnXmu9RV12M1iECqUkUtRl0Y3LCvYCTSiT6aQZOrkwcyKW0IUbX8WNC0Xc+hDufBunbRba+sPAx3/O4cz5vURwBZb1baysrq1vbBa2its7u3v75sFhW8WppKxFYxHLrkcUEzxiLeAgWDeRjISeYB1vdD2td+6ZVDyO7mCcMDckw4j7nBLQVt8sOc2AVx6qDgQMSNXxiMzmPDntm2WrZs2El8HOoYxyNfvmlzOIaRqyCKggSvVsKwE3IxI4FWxSdFLFEkJHZMh6GiMSMuVmsyMm+EQ7A+zHUr8I8Mz9PZGRUKlx6OnOkECgFmtT879aLwX/0s14lKTAIjpf5KcCQ4ynieABl4yCGGsgVHL9V0wDIgkFnVtRh2AvnrwM7bOafV6r39bLjas8jgIqoWNUQTa6QA10g5qohSh6RM/oFb0ZT8aL8W58zFtXjHzmCP2R8fkDJzCXzQ==</latexit>

�(x, ✓, ✓̄)
<latexit sha1_base64="L6A9KiyHBa8TFPVTmvMFh3C+BUw=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIFUpJpKjLohuXFewFmlAm00k7dHJh5kQsoUs3voobF4q49RHc+TZO2iy09YeBj/+cw5nze7HgCizr21haXlldWy9sFDe3tnd2zb39looSSVmTRiKSHY8oJnjImsBBsE4sGQk8wdre6Dqrt++ZVDwK72AcMzcgg5D7nBLQVs88cjwincaQlx8qDgwZkErmpDOenPbMklW1psKLYOdQQrkaPfPL6Uc0CVgIVBClurYVg5sSCZwKNik6iWIxoSMyYF2NIQmYctPpIRN8op0+9iOpXwh46v6eSEmg1DjwdGdAYKjma5n5X62bgH/ppjyME2AhnS3yE4EhwlkquM8loyDGGgiVXP8V0yGRhILOrqhDsOdPXoTWWdU+r9Zua6X6VR5HAR2iY1RGNrpAdXSDGqiJKHpEz+gVvRlPxovxbnzMWpeMfOYA/ZHx+QNIjZmG</latexit>

�̄(x, ✓, ✓̄)

<latexit sha1_base64="BFSL3pIZW6X02NMumqzU7vfv750=">AAACIXicbVDLTsMwEHR4lvIKcORiUSFxqpKqKj1WcOFYJPqQmrZyHKe16jiR7SCqqL/ChV/hwgGEekP8DG6SStCyllfjmV2td9yIUaks68vY2Nza3tkt7BX3Dw6Pjs2T07YMY4FJC4csFF0XScIoJy1FFSPdSBAUuIx03MntQu88EiFpyB/UNCL9AI049SlGSlNDsz5yoBNJukzjZcpO4IZPCeLeLHvD0aCS6oPa0CxZZSsNuA7sHJRAHs2hOXe8EMcB4QozJGXPtiLVT5BQFDMyKzqxJBHCEzQiPQ05CojsJ+mGM3ipGQ/6odCXK5iyvzsSFEg5DVxdGSA1lqvagvxP68XKr/cTyqNYEY6zQX7MoArhwi7oUUGwYlMNEBZU/xXiMRIIK21qUZtgr668DtqVsl0rV++rpcZNbkcBnIMLcAVscA0a4A40QQtg8AxewTv4MF6MN+PTmGelG0becwb+hPH9A7MYoV4=</latexit>

g   �� and g2�6

<latexit sha1_base64="0Cwm1DG20n/mN1lc9t+FhbqwSZ4="></latexit>

A4 = (Polarisation factor)⇥ (Universal scalar function C or M)

<latexit sha1_base64="wiubRKavglLDkQKHiQA3tFJ2DVE=">AAACeXicbZFdS8MwFIbT+jXnV9VLvYiOiYiUVod6OfTGywnuA9Yy0izdwtK0JKkwyv6Dv807/4g33ph1ZcxtJyQ8nPe8nOQkSBiVynG+DXNjc2t7p7Rb3ts/ODyyjk9aMk4FJk0cs1h0AiQJo5w0FVWMdBJBUBQw0g5GL1O9/UGEpDF/V+OE+BEacBpSjJRO9axPjyE+YAR6jSFdOUSu3UJPLzivDJCYyRrgnJZg0brWub6X3bMqju3kAVfBLaACimj0rC+vH+M0IlxhhqTsuk6i/AwJRTEjk7KXSpIgPEID0tXIUUSkn+WTm8CqzvRhGAu9uYJ5dtGRoUjKcRToygipoVzWpsl1WjdV4ZOfUZ6kinA8axSmDKoYTr8B9qkgWLGxBoQF1XeFeIgEwkp/VlkPwV1+8iq07mz3wa691Sr152IcJXAGLsE1cMEjqINX0ABNgMGPcW5UjSvj17wwr82bWalpFJ5T8C/M+z+pYLxf</latexit>

h����i, h�̄�̄�̄�̄i, h�̄�̄��i.

<latexit sha1_base64="5uJURCtc7bHLDoHA0m9cwIrAf6M=">AAACD3icbZDLSgMxFIbPeK31NurSTbAoLqTMlKJuhKIuXFawF+iMJZNm2tDMhSQjlKFv4MZXceNCEbdu3fk2ptNZaOsJgY//P4fk/F7MmVSW9W0sLC4tr6wW1orrG5tb2+bOblNGiSC0QSIeibaHJeUspA3FFKftWFAceJy2vOHVxG89UCFZFN6pUUzdAPdD5jOClZa65pHjYYGu7ysoA6c+YBfWCUKOPlM5U7pmySpbWaF5sHMoQV71rvnl9CKSBDRUhGMpO7YVKzfFQjHC6bjoJJLGmAxxn3Y0hjig0k2zfcboUCs95EdC31ChTP09keJAylHg6c4Aq4Gc9Sbif14nUf65m7IwThQNyfQhP+FIRWgSDuoxQYniIw2YCKb/isgAC0yUjrCoQ7BnV56HZqVsn5art9VS7TKPowD7cADHYMMZ1OAG6tAAAo/wDK/wZjwZL8a78TFtXTDymT34U8bnD/UKmNI=</latexit>

D̄2�̄ = 0, D2� = 0

<latexit sha1_base64="dAxIxSqbdzrhKLlfUMK73avEW8o="></latexit>
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<latexit sha1_base64="RykC5oyRtxSUyf4OSwM3iaqJ1nM=">AAACAnicbZC7SgNBFIbPxluMt1UrsRkMglXcDUFthKApLCOYCySbZXYySYbMXpiZFcISbXwVGwtFbH0KO9/GSbKFJv4w8PGfczhzfi/iTCrL+jYyS8srq2vZ9dzG5tb2jrm7V5dhLAitkZCHoulhSTkLaE0xxWkzEhT7HqcNb3g9qTfuqZAsDO7UKKKOj/sB6zGClbZc86DSKV7ap6WHSqeNeTTAqOLOwDXzVsGaCi2CnUIeUlVd86vdDUns00ARjqVs2VaknAQLxQin41w7ljTCZIj7tKUxwD6VTjI9YYyOtdNFvVDoFyg0dX9PJNiXcuR7utPHaiDnaxPzv1orVr0LJ2FBFCsakNmiXsyRCtEkD9RlghLFRxowEUz/FZEBFpgonVpOh2DPn7wI9WLBPiuUbkv58lUaRxYO4QhOwIZzKMMNVKEGBB7hGV7hzXgyXox342PWmjHSmX34I+PzBxNhlfo=</latexit>

D2 = 1/4 D↵D↵
<latexit sha1_base64="1QmWO2k69Wix3EMygRHcCqzHjSI=">AAACI3icbVDLSgMxFM34rPU16tJNsAiu6kwpKoJQ1IXLCvYBnVrupGkbmskMSUYoQ/0WN/6KGxdKcePCfzFtZ2FbDwROzrmH5B4/4kxpx/m2lpZXVtfWMxvZza3tnV17b7+qwlgSWiEhD2XdB0U5E7Simea0HkkKgc9pze/fjP3aE5WKheJBDyLaDKArWIcR0EZq2ZeeDxLfPhbwFXZPi8/pNfHaoU484FEPhkM8VVuzasvOOXlnArxI3JTkUIpyyx6ZPIkDKjThoFTDdSLdTEBqRjgdZr1Y0QhIH7q0YaiAgKpmMtlxiI+N0sadUJojNJ6ofxMJBEoNAt9MBqB7at4bi/95jVh3LpoJE1GsqSDThzoxxzrE48Jwm0lKNB8YAkQy81dMeiCBaFNr1pTgzq+8SKqFvHuWL94Xc6XrtI4MOkRH6AS56ByV0B0qowoi6AW9oQ/0ab1a79bI+pqOLllp5gDNwPr5BZQVo70=</latexit>

D̄2 = 1/4 D̄↵̇D̄↵̇

Lagrangian of the Wess-Zumino model

Chiral superfields:

Covariant derivatives:

Interaction in components:

Amplitudes:

Chiral C AntiChiral C Mixed M -

Four-point Amplitude:

The Model



<latexit sha1_base64="c9MWOp7kTqDEBnlKOMfpMdSiuLs="></latexit>
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<latexit sha1_base64="f5iEzLq1kVFjPz8RKNfU3h451Co="></latexit>
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<latexit sha1_base64="S7XMd+qtQ0ye49LnUNhkvrFx7ug=">AAACGnicbZDLSsNAFIYn9VbrrerSTbAIFUJIpKgboejGTaFib9CWMplO26GTSZg5EUqpr+HGV3HjQhF34sa3cdJmYVsPDHz8/zmcOb8XcqbAcX6M1Mrq2vpGejOztb2zu5fdP6ipIJKEVknAA9nwsKKcCVoFBpw2Qkmx73Fa94Y3sV9/oFKxQFRgFNK2j/uC9RjBoKVO1i1V8soCK7L6p1el+3xMSrP1WKrOGbEMmu1ONufYzrTMZXATyKGkyp3sV6sbkMinAgjHSjVdJ4T2GEtghNNJphUpGmIyxH3a1CiwT1V7PD1tYp5opWv2AqmfAHOq/p0YY1+pke/pTh/DQC16sfif14ygd9keMxFGQAWZLepF3ITAjHMyu0xSAnykARPJ9F9NMsASE9BpZnQI7uLJy1A7s91zu3BXyBWvkzjS6Agdozxy0QUqoltURlVE0BN6QW/o3Xg2Xo0P43PWmjKSmUM0V8b3L4WwnNM=</latexit>

MT (s, t, u, g) = MS(t, u, s, g), MU(s, t, u, g) = MS(u, s, t, g).

<latexit sha1_base64="eFJw54ahCqLXu6HaT5YyXLOTqfI=">AAACGHicbZBNSwJBGMdn7c3sbatjlyEJjGTbDakugdSli2DkqqCLzI6zOjj7wsxsIIsfo0tfpUuHIrp669s06hKm/WHgx/95Hp55/m7EqJCm+a1lVlbX1jeym7mt7Z3dPX3/oC7CmGNi45CFvOkiQRgNiC2pZKQZcYJ8l5GGO7ib1BtPhAsaBjU5jIjjo15APYqRVFZHP68URFEW42Lv9Kby+Mtnldoc279sdPS8aZhTwWWwUsiDVNWOPm53Qxz7JJCYISFalhlJJ0FcUszIKNeOBYkQHqAeaSkMkE+Ek0wPG8ET5XShF3L1Agmn7vxEgnwhhr6rOn0k+2KxNjH/q7Vi6V07CQ2iWJIAzxZ5MYMyhJOUYJdygiUbKkCYU/VXiPuIIyxVljkVgrV48jLULwzr0ig9lPLl2zSOLDgCx6AALHAFyuAeVIENMHgGr+AdfGgv2pv2qX3NWjNaOnMI/kgb/wC+NZvb</latexit>

M(s, t, u, g) = MS(s, t, u, g) +MT (s, t, u, g) +MU(s, t, u, g).

<latexit sha1_base64="dCSrS/+aMNgLSoFuJ5QQEHR2mD8="></latexit>

C(s, t, u, g) =
g

4!

X

l=0

g2l C(l)(s, t, u), M(s, t, u, g) =
1

4

X

l=1

g2l M (l)(s, t, u).

<latexit sha1_base64="KHfSreNt1Cqs+/o3+Ll2Fw+8c/4="></latexit>

C(l)(s, t, u) = CS(2l)(s, t, u) + CT (2l)(s, t, u) + CU (2l)(s, t, u),

M (l)(s, t, u) = MS(2l+1)(s, t, u) +MT (2l+1)(s, t, u) +MU (2l+1)(s, t, u),

Amplitudes:

Chiral C 

AntiChiral C

Mixed M 

-

Perturbation  expansion:

UV divergences of the four point scattering amplitude
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<latexit sha1_base64="yQWEGyOgcdPv4NWK0rE0XKVgFW4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSai6LHoxWMF+4FtKJvtpF262Q27G6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvTDjTxvO+ncLK6tr6RnGztLW9s7tX3j9oapkqig0quVTtkGjkTGDDMMOxnSgkccixFY5up37rCZVmUjyYcYJBTAaCRYwSY6VH/6yLiWZcil654lW9Gdxl4uekAjnqvfJXty9pGqMwlBOtO76XmCAjyjDKcVLqphoTQkdkgB1LBYlRB9ns4ol7YpW+G0llSxh3pv6eyEis9TgObWdMzFAvelPxP6+Tmug6yJhIUoOCzhdFKXeNdKfvu32mkBo+toRQxeytLh0SRaixIZVsCP7iy8ukeV71L6ve/UWldpPHUYQjOIZT8OEKanAHdWgABQHP8ApvjnZenHfnY95acPKZQ/gD5/MHLMmQmA==</latexit>

1/✏

<latexit sha1_base64="RkxkeGKOG1OoqD/qlZX4hoNTxvM=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4qrtF0WPRi8cK9gO6a8mm2TY0m4QkK5TSv+HFgyJe/TPe/Dem7R609cHA470ZZubFijNjff/bW1ldW9/YLGwVt3d29/ZLB4dNIzNNaINILnU7xoZyJmjDMstpW2mK05jTVjy8nfqtJ6oNk+LBjhSNUtwXLGEEWyeF5jykyjAuxWO1Wyr7FX8GtEyCnJQhR71b+gp7kmQpFZZwbEwn8JWNxlhbRjidFMPMUIXJEPdpx1GBU2qi8ezmCTp1Sg8lUrsSFs3U3xNjnBozSmPXmWI7MIveVPzP62Q2uY7GTKjMUkHmi5KMIyvRNADUY5oSy0eOYKKZuxWRAdaYWBdT0YUQLL68TJrVSnBZ8e8vyrWbPI4CHMMJnEEAV1CDO6hDAwgoeIZXePMy78V79z7mrStePnMEf+B9/gC/rpF+</latexit>

s/✏2

<latexit sha1_base64="IjWk3WCRj16BowRRZHQRzCJZjTU=">AAAB83icbVDLSgMxFM3UV62vqks3wSK4qjM+0GXRjcsK9gGdsWTS2zY0k4QkI5Shv+HGhSJu/Rl3/o1pOwutHrhwOOde7r0nVpwZ6/tfXmFpeWV1rbhe2tjc2t4p7+41jUw1hQaVXOp2TAxwJqBhmeXQVhpIEnNoxaObqd96BG2YFPd2rCBKyECwPqPEOik0JyEow7gUD2fdcsWv+jPgvyTISQXlqHfLn2FP0jQBYSknxnQCX9koI9oyymFSClMDitARGUDHUUESMFE2u3mCj5zSw32pXQmLZ+rPiYwkxoyT2HUmxA7NojcV//M6qe1fRRkTKrUg6HxRP+XYSjwNAPeYBmr52BFCNXO3YjokmlDrYiq5EILFl/+S5mk1uKj6d+eV2nUeRxEdoEN0jAJ0iWroFtVRA1Gk0BN6Qa9e6j17b977vLXg5TP76Be8j2/BMpF/</latexit>

s/✏3

<latexit sha1_base64="CV5bObCVdpwWAKYIXNXp7e0ZEu4=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxBLui0SPRi0dM5JHASmaHXpgw+8jMrIZs+A8vHjTGq//izb9xgD0oWEknNVXdme7yYsGVtu1vK7eyura+kd8sbG3v7O4V9w+aKkokwwaLRCTbHlUoeIgNzbXAdiyRBp7Alje6mfqtR5SKR+G9HsfoBnQQcp8zqo30oCrVShdjxYV5VHvFkl22ZyDLxMlICTLUe8Wvbj9iSYChZoIq1XHsWLsplZozgZNCN1EYUzaiA+wYGtIAlZvOtp6QE6P0iR9JU6EmM/X3REoDpcaBZzoDqodq0ZuK/3mdRPtXbsrDONEYsvlHfiKIjsg0AtLnEpkWY0Mok9zsStiQSsq0CapgQnAWT14mzbOyc1G2785LtessjjwcwTGcggOXUINbqEMDGEh4hld4s56sF+vd+pi35qxs5hD+wPr8AaUKkfU=</latexit>

s/3/✏3

<latexit sha1_base64="CV5bObCVdpwWAKYIXNXp7e0ZEu4=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxBLui0SPRi0dM5JHASmaHXpgw+8jMrIZs+A8vHjTGq//izb9xgD0oWEknNVXdme7yYsGVtu1vK7eyura+kd8sbG3v7O4V9w+aKkokwwaLRCTbHlUoeIgNzbXAdiyRBp7Alje6mfqtR5SKR+G9HsfoBnQQcp8zqo30oCrVShdjxYV5VHvFkl22ZyDLxMlICTLUe8Wvbj9iSYChZoIq1XHsWLsplZozgZNCN1EYUzaiA+wYGtIAlZvOtp6QE6P0iR9JU6EmM/X3REoDpcaBZzoDqodq0ZuK/3mdRPtXbsrDONEYsvlHfiKIjsg0AtLnEpkWY0Mok9zsStiQSsq0CapgQnAWT14mzbOyc1G2785LtessjjwcwTGcggOXUINbqEMDGEh4hld4s56sF+vd+pi35qxs5hD+wPr8AaUKkfU=</latexit>

s/3/✏3

<latexit sha1_base64="LRP1Vgr32vFSHZzym1aJMrMPoCM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyxSQShJUXRZdOOygn1AG8pkOmmHTiZhHkIN+RI3LhRx66e482+ctllo64ELh3Pu5d57goRRqVz32yqsrW9sbhW3Szu7e/tl++CwLWMtMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wuZ35nUciJI35g5omxI/QiNOQYqSMNLDL/VAgnKrqua5maT0b2BW35s7hrBIvJxXI0RzYX/1hjHVEuMIMSdnz3ET5KRKKYkayUl9LkiA8QSPSM5SjiEg/nR+eOadGGTphLExx5czV3xMpiqScRoHpjJAay2VvJv7n9bQKr/2U8kQrwvFiUaiZo2JnloIzpIJgxaaGICyoudXBY2SSUCarkgnBW355lbTrNe+y5t5fVBo3eRxFOIYTOAMPrqABd9CEFmDQ8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QMmRJLB</latexit>

t0 + u0

2 1/2

<latexit sha1_base64="nCnKfpkpFJPKps9d9z6yBIp7bnc=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIsgCCUpih6LXjxWsB/QhrLZbtqlm03cnRRKyO/w4kERr/4Yb/4bt20O2vpg4PHeDDPz/FhwjY7zbRXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vpv57QlTmkfyEacx80IylDzglKCRvF6gCE3xIsnSWtYvV5yqM4e9StycVCBHo1/+6g0imoRMIhVE667rxOilRCGngmWlXqJZTOiYDFnXUElCpr10fnRmnxllYAeRMiXRnqu/J1ISaj0NfdMZEhzpZW8m/ud1EwxuvJTLOEEm6WJRkAgbI3uWgD3gilEUU0MIVdzcatMRMTmgyalkQnCXX14lrVrVvao6D5eV+m0eRxFO4BTOwYVrqMM9NKAJFJ7gGV7hzZpYL9a79bFoLVj5zDH8gfX5A+Ykki4=</latexit>

t+ u

2
-

1/16

1/4

1/8

1

<latexit sha1_base64="quyqA8Otu/oT/UfwQDIbzrBzRAk=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxhLsEo0eiF4+YyCOBhcwOvTBh9pGZWQ3Z8B9ePGiMV//Fm3/jAHtQsJJOaqq6M93lxYIrbdvfVm5tfWNzK79d2Nnd2z8oHh41VZRIhg0WiUi2PapQ8BAbmmuB7VgiDTyBLW98O/NbjygVj8IHPYnRDegw5D5nVBupp3qViy7GigvzqPaLJbtsz0FWiZOREmSo94tf3UHEkgBDzQRVquPYsXZTKjVnAqeFbqIwpmxMh9gxNKQBKjedbz0lZ0YZED+SpkJN5urviZQGSk0Cz3QGVI/UsjcT//M6ifav3ZSHcaIxZIuP/EQQHZFZBGTAJTItJoZQJrnZlbARlZRpE1TBhOAsn7xKmpWyc1m276ul2k0WRx5O4BTOwYErqMEd1KEBDCQ8wyu8WU/Wi/VufSxac1Y2cwx/YH3+AO5vkiQ=</latexit>

s2/✏4

<latexit sha1_base64="GiNHmK/DwOVymQQWDRZ/SEE7n98=">AAAB+XicbVBNT8JAEJ3iF+JX1aOXjcTEE7SI0SPRi0dM5COBQrbLFjZst83uloQ0/BMvHjTGq//Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeU2Nre2d/K7hb39g8Mj+/ikqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fD/3WxMqFYvEk57G1AvxULCAEayN1Ldt1auUr8pdGivGI9Gr9u2iU3IWQOvEzUgRMtT79ld3EJEkpEITjpXquE6svRRLzQins0I3UTTGZIyHtGOowCFVXrq4fIYujDJAQSRNCY0W6u+JFIdKTUPfdIZYj9SqNxf/8zqJDm69lIk40VSQ5aIg4UhHaB4DGjBJieZTQzCRzNyKyAhLTLQJq2BCcFdfXifNSsm9LjmP1WLtLosjD2dwDpfgwg3U4AHq0AACE3iGV3izUuvFerc+lq05K5s5hT+wPn8AS1KSyw==</latexit>

s2/3/✏4

<latexit sha1_base64="97/mf1a0QEeHZTg8Ehsxi90oQqo=">AAAB+XicbVDLTsJAFL3FF+Kr6tLNRGLiClqCjyXRjUtM5JFAIdNhChOm02ZmSkIa/sSNC41x65+4828coAsFT3KTk3Puzb33+DFnSjvOt5Xb2Nza3snvFvb2Dw6P7OOTpooSSWiDRDySbR8rypmgDc00p+1YUhz6nLb88f3cb02oVCwST3oaUy/EQ8ECRrA2Ut+2Va9Svi53aawYj0Sv2reLTslZAK0TNyNFyFDv21/dQUSSkApNOFaq4zqx9lIsNSOczgrdRNEYkzEe0o6hAodUeeni8hm6MMoABZE0JTRaqL8nUhwqNQ190xliPVKr3lz8z+skOrj1UibiRFNBlouChCMdoXkMaMAkJZpPDcFEMnMrIiMsMdEmrIIJwV19eZ00KyX3quQ8Vou1uyyOPJzBOVyCCzdQgweoQwMITOAZXuHNSq0X6936WLbmrGzmFP7A+vwBT/+Szg==</latexit>

s2/6/✏4

<latexit sha1_base64="tvHrZvmCXZDv2dUfV7xHjjfM7uc=">AAAB+nicbVBNT8JAEN36ifhV9OhlIzHxBC3B6JHoxSMm8pFAIdtlChu222Z3qyGVn+LFg8Z49Zd489+4QA8KvmSSl/dmMjPPjzlT2nG+rbX1jc2t7dxOfndv/+DQLhw1VZRICg0a8Ui2faKAMwENzTSHdiyBhD6Hlj++mfmtB5CKReJeT2LwQjIULGCUaCP17YLqVcpupdyFWDEeiV61bxedkjMHXiVuRoooQ71vf3UHEU1CEJpyolTHdWLtpURqRjlM891EQUzomAyhY6ggISgvnZ8+xWdGGeAgkqaExnP190RKQqUmoW86Q6JHatmbif95nUQHV17KRJxoEHSxKEg41hGe5YAHTALVfGIIoZKZWzEdEUmoNmnlTQju8surpFkpuRcl565arF1nceTQCTpF58hFl6iGblEdNRBFj+gZvaI368l6sd6tj0XrmpXNHKM/sD5/ALymkwU=</latexit>

s2/12/✏4

<latexit sha1_base64="P2zMOrl2B8IUYxKhgfxF1qI+P3A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp3jxWe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14l1U3Lvzcu06j6MAx3ACZ+DBJdTgFurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAFY42f</latexit>

s2

<latexit sha1_base64="P2zMOrl2B8IUYxKhgfxF1qI+P3A=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2ls120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXFtRKwecJxwP6IDJULBKFrp3jxWe6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn81OnZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTtCF4iy8vk2a14l1U3Lvzcu06j6MAx3ACZ+DBJdTgFurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAFY42f</latexit>

s2

s

s

-1/2

1/4 1/4

<latexit sha1_base64="LRP1Vgr32vFSHZzym1aJMrMPoCM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyxSQShJUXRZdOOygn1AG8pkOmmHTiZhHkIN+RI3LhRx66e482+ctllo64ELh3Pu5d57goRRqVz32yqsrW9sbhW3Szu7e/tl++CwLWMtMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wuZ35nUciJI35g5omxI/QiNOQYqSMNLDL/VAgnKrqua5maT0b2BW35s7hrBIvJxXI0RzYX/1hjHVEuMIMSdnz3ET5KRKKYkayUl9LkiA8QSPSM5SjiEg/nR+eOadGGTphLExx5czV3xMpiqScRoHpjJAay2VvJv7n9bQKr/2U8kQrwvFiUaiZo2JnloIzpIJgxaaGICyoudXBY2SSUCarkgnBW355lbTrNe+y5t5fVBo3eRxFOIYTOAMPrqABd9CEFmDQ8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QMmRJLB</latexit>

t0 + u0

2

<latexit sha1_base64="LRP1Vgr32vFSHZzym1aJMrMPoCM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyxSQShJUXRZdOOygn1AG8pkOmmHTiZhHkIN+RI3LhRx66e482+ctllo64ELh3Pu5d57goRRqVz32yqsrW9sbhW3Szu7e/tl++CwLWMtMGnhmMWiGyBJGOWkpahipJsIgqKAkU4wuZ35nUciJI35g5omxI/QiNOQYqSMNLDL/VAgnKrqua5maT0b2BW35s7hrBIvJxXI0RzYX/1hjHVEuMIMSdnz3ET5KRKKYkayUl9LkiA8QSPSM5SjiEg/nR+eOadGGTphLExx5czV3xMpiqScRoHpjJAay2VvJv7n9bQKr/2U8kQrwvFiUaiZo2JnloIzpIJgxaaGICyoudXBY2SSUCarkgnBW355lbTrNe+y5t5fVBo3eRxFOIYTOAMPrqABd9CEFmDQ8Ayv8GY9WS/Wu/WxaC1Y+cwR/IH1+QMmRJLB</latexit>

t0 + u0

2
-1/2

Feynman rules in superspace:
Example of chiral amplitude in two loops

Chiral vertex AntiChiral vertex 

Massless 
propagator 

Chiral and mixed diagrams up to four loops

<latexit sha1_base64="rJKwunNPg10cx1ohA54jUwBwTQM="></latexit>

h��̄i = i
�2(✓)�2(✓̄)

p2
, h��i = 0, h�̄�̄i = 0,

UV divergences of the four point scattering amplitude



<latexit sha1_base64="elgo9IBpv4WM5gDcFW/xANTYIVQ="></latexit>

C(2l)(s, t, u) =
C2l(s, t, u)

✏2l
, M (2l+1)(s, t, u) =

M2l+1(s, t, u)

✏2l+1
, etc.

<latexit sha1_base64="/XGbm4h3us/N+Srpusqk2xEVuJ0="></latexit>

C(s, t, u, g) =
g

4!

⇢
1 +

g2

4
[
s

✏2
+

t

✏2
+

u

✏2
] +

g4

32
[
s2

✏4
+

t2

✏4
+

u2

✏4
] + ...

�
= C̄

<latexit sha1_base64="FjKtU9XGT/dEQkkKYGtUsuyzoPQ="></latexit>

M(s, t, u, g) =
1

4

⇢
g2

2
[
1

✏
+

1

✏
+

1

✏
]

+g4


s

8✏3
+

t

8✏3
+

u

8✏3
+

✓
�s

2

1

3✏3
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2

1

3✏3
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2

1

3✏3

◆
+

✓
s

2

1

3✏3
+

t

2

1

3✏3
+

u

2

1

3✏3

◆�
+ ...

�

UV divergences of the four point scattering amplitude

Leading divergences (dimensional regularisation/reduction)

One loop 

Two loops 

Three loops 

Four loops 

Note peculiar cancellations on mass shell (s+t+u=0) in two and three loops

These cancellations do not lead to finite results in higher loops, however



<latexit sha1_base64="lsFw8+exFE9N58RnS27WTYhBxgU="></latexit>

�n[�, �̄] =

Z
d4✓

nY

i=1

d4piF (�(pi, ✓), �̄(pi, ✓̄), D
↵�(pi, ✓), D̄↵̇�̄(pi), ...) Fn(p1, . . . , pn)

<latexit sha1_base64="/QTakIZTQMPeAAGEOr60y5fWx4c=">AAACVHichVHLSgMxFM2M7/qqunQTLIIilhkp6kYQdeFSwarQGcud9NaGZh4kd4Qy9CN1IfglblyY1ln4Qg+EHM45lyQnUaakIc97cdyJyanpmdm5yvzC4tJydWX12qS5FtgUqUr1bQQGlUywSZIU3mYaIY4U3kT905F/84DayDS5okGGYQz3iexKAWSldrUfdFAR3DW2AuohQVvulqSQO/5wu3V2txdEoPlo/zsaHv0TaFdrXt0bg/8kfklqrMRFu/oUdFKRx5iQUGBMy/cyCgvQJIXCYSXIDWYg+nCPLUsTiNGExbiUId+0Sod3U21XQnysfp4oIDZmEEc2GQP1zHdvJP7mtXLqHoaFTLKcMBEfB3VzxSnlo4Z5R2oUpAaWgNDS3pWLHmgQZP+hYkvwvz/5J7neq/v79cZlo3Z8UtYxy9bZBttiPjtgx+ycXbAmE+yRvTrMcZxn582dcKc+oq5TzqyxL3CX3gEcIrHv</latexit>

�4(✓i � ✓i+1)[D
2D̄2�4(✓i � ✓i+1)] = �4(✓i � ✓i+1)

<latexit sha1_base64="dUQFye48I9G+6uLXBiaKe9WwemM="></latexit>

L =

Z
d4✓ �̄�+

Z
d2✓̄ W(�) +

Z
d2✓ W(�̄)

<latexit sha1_base64="jpxXhx3UG6791tUk87HQt4W3EWk=">AAACH3icbZDLSsNAFIYnXmu9RV26mVqEilCStlQ3QtGNywr2Ak0sk+mkHTq5MDMRSsibuPFV3LhQRNz1bZykRbT1h4Gf75zDmfM7IaNCGsZUW1ldW9/YzG3lt3d29/b1g8O2CCKOSQsHLOBdBwnCqE9akkpGuiEnyHMY6Tjjm7TeeSRc0MC/l5OQ2B4a+tSlGEmF+no9tjBisJOUrOaInl1ZLkc4NpO4Uki8FD1Uzn9YtZAMM1bt60WjbGSCy8acmyKYq9nXv6xBgCOP+BIzJETPNEJpx4hLihlJ8lYkSIjwGA1JT1kfeUTYcXZfAk8VGUA34Or5Emb090SMPCEmnqM6PSRHYrGWwv9qvUi6l3ZM/TCSxMezRW7EoAxgGhYcUE6wZBNlEOZU/RXiEVJpSBVpXoVgLp68bNqVslkv1+5qxcb1PI4cOAYnoARMcAEa4BY0QQtg8ARewBt41561V+1D+5y1rmjzmSPwR9r0Gxj9ock=</latexit>

W(�) =
1

2!
m�2 +

1

3!
g�3

Non-renormalisation theorems for arbitrary superpotential

Effective action is an integral over the full superspace

<latexit sha1_base64="fTQSBAChRq3ixslDW1Hp42eKAhU=">AAACC3icbZDLSgMxFIYzXmu9jbp0E1oEV2WmFHUjFty4rGAv0BuZTNqGZjJDckYopXs3PoA+hBsXXnDrC7jzbUxnutDWHwJf/nMOyfm9SHANjvNtLS2vrK6tZzaym1vbO7v23n5Nh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wuje8nNbrt0xpHsobGEWsHZC+5D1OCRira+f8TqkFAwbkHPudYooJeUSlt66ddwpOIrwI7gzyF28PUz1WuvZXyw9pHDAJVBCtm64TQXtMFHAq2CTbijWLCB2SPmsalCRguj1OdpngI+P4uBcqcyTgxP09MSaB1qPAM50BgYGer03N/2rNGHpn7TGXUQxM0vShXiwwhHgaDPa5YhTEyAChipu/YjogilAw8WVNCO78yotQKxbck0Lp2smXSyhVBh2iHDpGLjpFZXSFKqiKKLpDT+gFvVr31rP1bn2krUvWbOYA/ZH1+QPp4Z7H</latexit>

d4✓ = d2✓d2✓̄ local function Bosonic function

Follows from Feynman rules in N=1 superspace:  Each N=1 superspace Feynman diagram is constructed from the 

propagators which are proportional to the full fermionic delta function                    and the vertices which contain 
supercovariant derivatives D^2 or D^2 acting  on adjacent propagators, and integration over the full N=1 superspace. 
Using integration by parts, the covariant derivatives from the vertices can be rearranged into the combinations such as  
.                                     which can be simplified according to the following identity

<latexit sha1_base64="Jxpyfmwd3wbW4fDQOdTxSDg6S8g=">AAACCHicbZDJSgNBEIZ7XGPcxuXmwcEgRMQwI0E9Brx4jGAWyMTQ06lJmvQsdNcIYcjRi6/ixYMiXn0Eb76NnUkOmvhDw8dfVVTX78WCK7Ttb2NhcWl5ZTW3ll/f2NzaNnd26ypKJIMai0Qkmx5VIHgINeQooBlLoIEnoOENrsf1xgNIxaPwDocxtAPaC7nPGUVtdcxDtwsC6X256GIfkHb42RRSfuqMTjpmwS7Zmax5cKZQqOz7maod88vtRiwJIEQmqFItx46xnVKJnAkY5d1EQUzZgPagpTGkAah2mh0yso6107X8SOoXopW5vydSGig1DDzdGVDsq9na2Pyv1krQv2qnPIwThJBNFvmJsDCyxqlYXS6BoRhqoExy/VeL9amkDHV2eR2CM3vyPNTPS85FqXyr0yiTiXLkgByRInHIJamQG1IlNcLII3kmr+TNeDJejHfjY9K6YExn9sgfGZ8/XLSbzg==</latexit>

�4(✓i � ✓i+1)

<latexit sha1_base64="0JYSnrbvIgjhtZMNg2St4v0YxYs=">AAACF3icbVDLSsNAFJ34rPUVHzs3g0Wom5KUoi4LunBZwT6gSctkMmmHTh7M3Agl9C/c+CtuXCjiVnf+jZO2C209cLmHc+5l5h4vEVyBZX0bK6tr6xubha3i9s7u3r55cNhScSopa9JYxLLjEcUEj1gTOAjWSSQjoSdY2xtd5377gUnF4+gexglzQzKIeMApAS31zYrjMwGkVys7wo9BnXdvelXHIxLnfcFzcd8sWRVrCrxM7Dkp1Y+DKRp988vxY5qGLAIqiFJd20rAzYgETgWbFJ1UsYTQERmwrqYRCZlys+ldE3ymFR8HsdQVAZ6qvzcyEio1Dj09GRIYqkUvF//zuikEV27GoyQFFtHZQ0EqMMQ4Dwn7XDIKYqwJoZLrv2I6JJJQ0FEWdQj24snLpFWt2BeV2p1Oo4ZmKKATdIrKyEaXqI5uUQM1EUWP6Bm9ojfjyXgx3o2P2eiKMd85Qn9gfP4AKlqg7Q==</latexit>

�4(. . .)[D2D̄2�4(. . .)]

-

Consequence: Non-renormalization of superpotential 

Superpotential is not renormalised since it is an integral one the chiral superspace!

This is not true for finite parts since they are non-local



Non-renormalisation theorems for arbitrary superpotential

<latexit sha1_base64="ksn5LYlbWBvyAHh16aAs+AaWErA="></latexit>

D̄2D2(�(p1)�(p2)...) = �(p1 + p2 + ...)2(�(p1)�(p2)...)

<latexit sha1_base64="cza2S9xKGO58BWMaJa1KyP4RlaQ="></latexit>

�n[�] =

Z
d2✓D̄2

nY

i=1

d4piF (�(pi, ✓), D
↵�(pi, ✓), ...) Fn(p1, . . . , pn)

<latexit sha1_base64="gN8SgHUGvFTA0Eg9b+LCjtaulPk="></latexit>Z
d4✓ f(�)

D2

�Q2
g(�) =

Z
d2✓ f(�)g(�)

<latexit sha1_base64="hiWHdtMnb+8sTkUHHBTCVLBJHQA=">AAACBXicbZC7SgNBFIZnvcZ4W7XUYjAIVmE3BLURglpYRjAXyG7C7OxsMmT2wsxZISxpbHwVGwtFbH0HO9/GSbKFJv4w8PGfczhzfi8RXIFlfRtLyyura+uFjeLm1vbOrrm331RxKilr0FjEsu0RxQSPWAM4CNZOJCOhJ1jLG15P6q0HJhWPo3sYJcwNST/iAacEtNUzj/xu1YEBA3Lpdyszwo5HJL7pVnpmySpbU+FFsHMooVz1nvnl+DFNQxYBFUSpjm0l4GZEAqeCjYtOqlhC6JD0WUdjREKm3Gx6xRifaMfHQSz1iwBP3d8TGQmVGoWe7gwJDNR8bWL+V+ukEFy4GY+SFFhEZ4uCVGCI8SQS7HPJKIiRBkIl13/FdEAkoaCDK+oQ7PmTF6FZKdtn5epdtVS7yuMooEN0jE6Rjc5RDd2iOmogih7RM3pFb8aT8WK8Gx+z1iUjnzlAf2R8/gDLfZd8</latexit>

d4✓ = d2✓D̄2Possible loop hole in this reasoning: 

If one  has covariant derivatives then one may  use the relation 

and transform the integration over the full superspace into the chiral one  

This may also happen for the finite parts which contain non-local terms, so that 

This is only possible if one has additional covariant derivative which is forbidden for the 
cubic superpotential on dimensional grounds. However, it becomes possible for a 
superpotential with dimensional couplings.



<latexit sha1_base64="3SUqFejV/hlK0fvdqLpX8eI1rEo=">AAACFnicbVC7SgNBFJ2N7/hatbQZDIIWhl0JainaWEYwD8jGZXZyY8bMPpy5GwhLvsLGX7GxUMRW7PwbJ8kWvg4MHM45lzv3BIkUGh3n0yrMzM7NLywuFZdXVtfW7Y3Nuo5TxaHGYxmrZsA0SBFBDQVKaCYKWBhIaAT987HfGIDSIo6ucJhAO2Q3kegKztBIvn3gdUAiu67sedgDZL44yMntvgd3qRjQacLPxO3It0tO2ZmA/iVuTkokR9W3P7xOzNMQIuSSad1ynQTbGVMouIRR0Us1JIz32Q20DI1YCLqdTc4a0V2jdGg3VuZFSCfq94mMhVoPw8AkQ4Y9/dsbi/95rRS7J+1MREmKEPHpom4qKcZ03BHtCAUc5dAQxpUwf6W8xxTjaJosmhLc3yf/JfXDsntUrlxWSqdneR2LZJvskD3ikmNySi5IldQIJ/fkkTyTF+vBerJerbdptGDlM1vkB6z3L3Vdn5c=</latexit>

�4(✓i � ✓j) ⌘ �ij
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Non-renormalisation theorems for arbitrary superpotential

WZ model with quartic superpotential: two loop chiral diagram 

Integration by parts 

As a result one has a divergent contribution to the chiral part of the effective action, 
however, not to the superpotential, but to the next term containing derivatives 

Add D^2 due to negative 
dim of the coupling 
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• These statements are universal and are valid in non-renormalizable theories as well.

• The only difference is that the counter term         depends on kinematics and has to be 

integrated through the remaining one-loop graph.

• As a result           is not the square of          anymore but is the integrated square.

• This last statement is the general feature of any QFT irrespective of renormalizability
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Leading divergences 

Quartic vertices

Cubic vertices
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Recurrence relations 

• This is the general recurrence relation that reflects the locality of the counter 
terms in any theory 

• In renormalizable theories A_n is a constant and this relation  is reduced to the 
algebraic one

• In non-renormalizable theories A_n depends on kinematics and one has to 
integrate through the one loop diagrams

• The leading divergences are defined by the one loop diagrams
• Integration through the live loop can be made explicitly introducing 

Feynman parameters 
• One has to integrate momentum polynomials over Feynman parameters
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Recurrence relations in lower orders 
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RG Equations 

Introduce the functions
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Taking the sum one can transform the recurrence relations into the integro-differential equation, 
which is the RG equation 

where the product is defined as

 The solution of the RG equations determine the high energy behaviour of the amplitudes 
when 

<latexit sha1_base64="rGKSZqytY3EnPFu+tl+iuRDUnLA=">AAACCnicbVDLSgMxFM3UV62vUZduokVwVWZKUXcWRHBZwT6gU0smzbShmcyQ3BFK6dqNP6D/4MaFUtz6Be78G9NpF9p6ILmHc+8lOcePBdfgON9WZml5ZXUtu57b2Nza3rF392o6ShRlVRqJSDV8opngklWBg2CNWDES+oLV/f7lpF+/Z0rzSN7CIGatkHQlDzglYKS2fag9zUMM6Z3gtFzdFbEHEfa4DGDQtvNOwUmBF4k7I/mL8dMEz5W2/eV1IpqETAIVROum68TQGhIFnAo2ynmJZjGhfdJlTUMlCZluDVMrI3xslA4OImWOBJyqvzeGJNR6EPpmMiTQ0/O9ifhfr5lAcN4achknwCSdPhQkAhufk1xwhytGQQwMIVRx81dMe0QRCia9nAnBnbe8SGrFgntaKN04+XIJTZFFB+gInSAXnaEyukYVVEUUPaAX9IberUfr1RpbH9PRjDXb2Ud/YH3+AMzEniA=</latexit>

s ⇠ t ⇠ u ⇠ E2 ! 1

<latexit sha1_base64="MqQ3bOeh3YCF1doClDktKfTI2dg=">AAACC3icbVDLSgMxFM3UV62vUZduQovgxjJTELsRiy50WcE+oFNLJpNpQ5OZIcmIdZi9G3/FjQtF3PoBunPlr5g+QG09cOHknHvJvceNGJXKsj6NzNz8wuJSdjm3srq2vmFubtVlGAtMajhkoWi6SBJGA1JTVDHSjARB3GWk4fZPh37jmghJw+BSDSLS5qgbUJ9ipLTUMfOOLxBOvDTxblN49PNyWNh1eHxVSjtmwSpaI8BZYk9IoXL89X6zXz6rdswPxwtxzEmgMENStmwrUu0ECUUxI2nOiSWJEO6jLmlpGiBOZDsZ3ZLCXa140A+FrkDBkfp7IkFcygF3dSdHqienvaH4n9eKlV9uJzSIYkUCPP7IjxlUIRwGAz0qCFZsoAnCgupdIe4hHYfS8eV0CPb0ybOkXiraB0XrQqdxAsbIgh2QB3vABoegAs5BFdQABnfgATyBZ+PeeDRejNdxa8aYzGyDPzDevgF5gp71</latexit>

d

dz
=

d

d logµ2



<latexit sha1_base64="vS76NJGZfeGeEgNd7poamEZjU58=">AAACGHicbVC7SgNBFJ2Nrxhfq5Y2g0GITdwNQS2DNlYSwTwguwmzk9lkyOyDmbtCWPYzbPwVGwtFbNP5N04ehSYeGOZwzr3ce48XC67Asr6N3Nr6xuZWfruws7u3f2AeHjVVlEjKGjQSkWx7RDHBQ9YADoK1Y8lI4AnW8ka3U7/1xKTiUfgI45i5ARmE3OeUgJZ65gV2eAi43604MGRAsIMdXxKaDrK0ep+VnPqQd7U6+867lZ5ZtMrWDHiV2AtSRAvUe+bE6Uc0CVgIVBClOrYVg5sSCZwKlhWcRLGY0BEZsI6mIQmYctPZYRk+00of+5HUT285U393pCRQahx4ujIgMFTL3lT8z+sk4F+7KQ/jBFhI54P8RGCI8DQl3OeSURBjTQiVXO+K6ZDoXEBnWdAh2Msnr5JmpWxflqsP1WLtZhFHHp2gU1RCNrpCNXSH6qiBKHpGr+gdfRgvxpvxaXzNS3PGoucY/YEx+QFei569</latexit>Z
d2✓

g

4N
(�a�a)2

<latexit sha1_base64="aSklvBWiY2EBxjOWnpVFwfQ+04I="></latexit>Z
d2✓

g

4N
(Tr��)2 or

Z
d2✓

g

4!N
(Tr����)

<latexit sha1_base64="mhIuDjyRpwOhfMpodgKCCd2MuLo=">AAACJ3icbVBLSwMxGMz6rPVV9eglWIQK2u6Wol6UYi9ehIr2Ad21ZNNsG5rNLklWaJf+Gy/+FS+CiujRf2L6ONTWCYFhZj6Sb9yQUalM89tYWFxaXllNrCXXNza3tlM7u1UZRAKTCg5YIOoukoRRTiqKKkbqoSDIdxmpud3S0K89EiFpwO9VLySOj9qcehQjpaVm6rJ0l+kfXdieQDi2BrF1ImH/IZ8rDI4htEcH3kxF+rn8dKiZSptZcwQ4T6wJSYMJys3Um90KcOQTrjBDUjYsM1ROjISimJFB0o4kCRHuojZpaMqRT6QTj/YcwEOttKAXCH25giN1eiJGvpQ939VJH6mOnPWG4n9eI1LeuRNTHkaKcDx+yIsYVAEclgZbVBCsWE8ThAXVf4W4g3QfSleb1CVYsyvPk2o+a51mC7eFdPFqUkcC7IMDkAEWOANFcA3KoAIweAIv4B18GM/Gq/FpfI2jC8ZkZg/8gfHzC2KFof4=</latexit>

CS(z) =
1

1� sz2/4
, MS(z) =

z/2

1� sz2/4

Particular Solution to RG Equations 

<latexit sha1_base64="j82sa25Yvwj7ARrvjNPJBNu6GjI="></latexit>

dCS

dy
= sMS · CS,

dMS

dy
=

1

2
[sMS2 + CS2], C̄S = CS

<latexit sha1_base64="P2TicPNnecH3YXXZGCIh5gfh2uM="></latexit>

CS =
1

1� g2s log2 s/4
, CT =

1

1� g2t log2 t/4
, CU =

1

1� g2u log2 u/4
,

MS = � g log s/2

1� g2s log2 s/4
, MT = � g log t/2

1� g2t log2 t/4
, MU = � g log u/2

1� g2 log2 u/4

Solution for a particular chain of bubbles …
Justified by the leading order in 1/N approximation in vector and matrix (1st) cases

Vector case Matrix case 

Planar case 

Pure diff eqs
Solution 

<latexit sha1_base64="m5ABGQIqqc1US7jXYA3tBpe8Loo=">AAAB9HicbVDLSgMxFM3UVx0frbp0EyyCLiwzUtSdBRFcVrAP6Awlk2amoZlkTDKFOvQ73LhQxK0/4F+48xP8C9PHQlsPXDiccy/33hMkjCrtOF9Wbml5ZXUtv25vbG5tF4o7uw0lUolJHQsmZCtAijDKSV1TzUgrkQTFASPNoH819psDIhUV/E4PE+LHKOI0pBhpI/kPnhbwJPKYiKDqFEtO2ZkALhJ3RkrVwvflsf1xXesUP72uwGlMuMYMKdV2nUT7GZKaYkZGtpcqkiDcRxFpG8pRTJSfTY4ewUOjdGEopCmu4UT9PZGhWKlhHJjOGOmemvfG4n9eO9XhhZ9RnqSacDxdFKYMmk/HCcAulQRrNjQEYUnNrRD3kERYm5xsE4I7//IiaZyW3bNy5dakUQFT5ME+OABHwAXnoApuQA3UAQb34BE8gxdrYD1Zr9bbtDVnzWb2wB9Y7z+bB5Q7</latexit>

z ! �g log sHigh energy behaviour

Pole in s-channel and no poles in t- and u-channels ! Ghost state?



<latexit sha1_base64="1Mj2GN7MGj8P+87PpsYTmekWcPc="></latexit>

CS(y) =
1 + 919521

17198 y + 3619086
214975 y2 � 1132734289

54173700 y3

1 + 902323
17198 y � 7767439

214975 y2 � 34810827
3009650 y3

,

MS(y) =
1
2 � 60757261387

27020023140y �
17465208191899
4458303818100 y2 � 211448333535053

1123492562161200y
3

1� 74267272957
13510011570y �

7068734744869
2229151909050y

2 + 105130578087131
16049893745160 y3

,

Numerical Solution to RG Equations 
Pade versus PT

Pade [3,3]

Pade Pade

Pade

Pade

PT PT

PT
PT

CS

CT

MS

MT

Pole

No Pole?

PT6
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be removed by local counter terms like in renormalizable ones

 Based on locality of the counter terms one can construct the recurrence 
relations that define all loop divergences starting from one loop

 The recurrence relations can be converted into the generalized RG 
equations which allow one to sum up the leading divergences in all 
loops and define the high-energy behaviour

 In SUSY theories in non-renormalizable case the chiral part of the 
effective action receives divergent radiative corrections

 In the Wess-Zumino model with quartic superpotential the bubble 
diagrams are summed into a geometrical progression which has a pole 
in the s-channel and no poles in the t- and u-channels.

 Numerical solution of the full equation seems to have a pole in the s-
channel while the the t-channel behaviour is not reliable

 This pole if exists corresponds to the ghost bound state similar to QED 
or          theory�4
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