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DIVERGENCES IN QFT.  (DYSON 1951)
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• In 1976 Lipatov realized that divergences in the perturbative series are 
related to instantons. In fact 

Where ak ⇠ n!
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Consider the following example in one dimension: (t’Hooft 1979)
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F(z) diverges when
⇠ dS/dx|x=x̄ = 0 S(x̄) = �z
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This is the classical equation of motion and the solution is the instanton.  
They are related with barrier penetration (Coleman 1977) and can 

be treated semiclassically 

F(z) is called the 
Borel transform of G
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INSTANTONS (Lipatov 1976) 



RENORMALONS 
(’T HOOFT 1979)

One type of Feynman diagram that goes as n!  (after renormalization)
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For large Euclidean momentum k:
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The Borel transform is B(1)(�n+1) ⌘ zn
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<latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit>
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<latexit sha1_base64="dWMgIQSf9/4ifoO53JUYre9NIJA="></latexit><latexit sha1_base64="dWMgIQSf9/4ifoO53JUYre9NIJA="></latexit><latexit sha1_base64="dWMgIQSf9/4ifoO53JUYre9NIJA="></latexit><latexit sha1_base64="dWMgIQSf9/4ifoO53JUYre9NIJA="></latexit>

0
<latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit>

0
<latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit>

zpole =
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�
<latexit sha1_base64="/o1uc8sXhiMC0Jv4rEE6Ys5ZuGM=">AAACB3icbVBNS8NAEN34WeNX1KMHF4vgqSRFUA9C0YvHCsYWmhA22027dLMJuxuhhhy9+Fe8eFDx6l/w5r9x0+agrQ8GHu/NMDMvTBmVyra/jYXFpeWV1dqaub6xubVt7ezeySQTmLg4YYnohkgSRjlxFVWMdFNBUBwy0glHV6XfuSdC0oTfqnFK/BgNOI0oRkpLgXVgPgR5mjBSwAvoRQLhvFnkXkgUKkyNwKrbDXsCOE+citRBhXZgfXn9BGcx4QozJGXPsVPl50goivUW08skSREeoQHpacpRTKSfTx4p4JFW+jBKhC6u4ET9PZGjWMpxHOrOGKmhnPVK8T+vl6nozM8pTzNFOJ4uijIGVQLLVGCfCoIVG2uCsKD6VoiHSKehdHZlCM7sy/PEbTbOG87NSb11WaVRA/vgEBwDB5yCFrgGbeACDB7BM3gFb8aT8WK8Gx/T1gWjmtkDf2B8/gCYDZf3</latexit><latexit sha1_base64="/o1uc8sXhiMC0Jv4rEE6Ys5ZuGM=">AAACB3icbVBNS8NAEN34WeNX1KMHF4vgqSRFUA9C0YvHCsYWmhA22027dLMJuxuhhhy9+Fe8eFDx6l/w5r9x0+agrQ8GHu/NMDMvTBmVyra/jYXFpeWV1dqaub6xubVt7ezeySQTmLg4YYnohkgSRjlxFVWMdFNBUBwy0glHV6XfuSdC0oTfqnFK/BgNOI0oRkpLgXVgPgR5mjBSwAvoRQLhvFnkXkgUKkyNwKrbDXsCOE+citRBhXZgfXn9BGcx4QozJGXPsVPl50goivUW08skSREeoQHpacpRTKSfTx4p4JFW+jBKhC6u4ET9PZGjWMpxHOrOGKmhnPVK8T+vl6nozM8pTzNFOJ4uijIGVQLLVGCfCoIVG2uCsKD6VoiHSKehdHZlCM7sy/PEbTbOG87NSb11WaVRA/vgEBwDB5yCFrgGbeACDB7BM3gFb8aT8WK8Gx/T1gWjmtkDf2B8/gCYDZf3</latexit><latexit sha1_base64="/o1uc8sXhiMC0Jv4rEE6Ys5ZuGM=">AAACB3icbVBNS8NAEN34WeNX1KMHF4vgqSRFUA9C0YvHCsYWmhA22027dLMJuxuhhhy9+Fe8eFDx6l/w5r9x0+agrQ8GHu/NMDMvTBmVyra/jYXFpeWV1dqaub6xubVt7ezeySQTmLg4YYnohkgSRjlxFVWMdFNBUBwy0glHV6XfuSdC0oTfqnFK/BgNOI0oRkpLgXVgPgR5mjBSwAvoRQLhvFnkXkgUKkyNwKrbDXsCOE+citRBhXZgfXn9BGcx4QozJGXPsVPl50goivUW08skSREeoQHpacpRTKSfTx4p4JFW+jBKhC6u4ET9PZGjWMpxHOrOGKmhnPVK8T+vl6nozM8pTzNFOJ4uijIGVQLLVGCfCoIVG2uCsKD6VoiHSKehdHZlCM7sy/PEbTbOG87NSb11WaVRA/vgEBwDB5yCFrgGbeACDB7BM3gFb8aT8WK8Gx/T1gWjmtkDf2B8/gCYDZf3</latexit><latexit sha1_base64="/o1uc8sXhiMC0Jv4rEE6Ys5ZuGM=">AAACB3icbVBNS8NAEN34WeNX1KMHF4vgqSRFUA9C0YvHCsYWmhA22027dLMJuxuhhhy9+Fe8eFDx6l/w5r9x0+agrQ8GHu/NMDMvTBmVyra/jYXFpeWV1dqaub6xubVt7ezeySQTmLg4YYnohkgSRjlxFVWMdFNBUBwy0glHV6XfuSdC0oTfqnFK/BgNOI0oRkpLgXVgPgR5mjBSwAvoRQLhvFnkXkgUKkyNwKrbDXsCOE+citRBhXZgfXn9BGcx4QozJGXPsVPl50goivUW08skSREeoQHpacpRTKSfTx4p4JFW+jBKhC6u4ET9PZGjWMpxHOrOGKmhnPVK8T+vl6nozM8pTzNFOJ4uijIGVQLLVGCfCoIVG2uCsKD6VoiHSKehdHZlCM7sy/PEbTbOG87NSb11WaVRA/vgEBwDB5yCFrgGbeACDB7BM3gFb8aT8WK8Gx/T1gWjmtkDf2B8/gCYDZf3</latexit>

0
<latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit><latexit sha1_base64="DXFGQ56nR09Dyk9mw/KLQMmkY28=">AAAB6XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8cq9gPaUDbbTbt0swm7E6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpoe/13apX8+Ygq8QvSBUKNPruV2+QsCzmCpmkxnR9L8UgpxoFk3xa6WWGp5SN6ZB3LVU05ibI55dOyZlVBiRKtC2FZK7+nshpbMwkDm1nTHFklr2Z+J/XzTC6DnKh0gy5YotFUSYJJmT2NhkIzRnKiSWUaWFvJWxENWVow6nYEPzll1dJ66LmezX//rJavyniKMMJnMI5+HAFdbiDBjSBQQTP8Apvzth5cd6dj0VrySlmjuEPnM8fLmeNHQ==</latexit>

�0 ⌘ µ
d�

dµ
<latexit sha1_base64="qWxmukM5Scw6JxRRc/W0XROmagU=">AAACEXicbVDLSsNAFJ34rPUVdelmsIhdlUQEXRbduKxgH9CEMplM2qEzkziPQgn9BTf+ihsXirh1586/cdpmoa0HBg7nnMude6KMUaU979tZWV1b39gsbZW3d3b39t2Dw5ZKjcSkiVOWyk6EFGFUkKammpFOJgniESPtaHgz9dsjIhVNxb0eZyTkqC9oQjHSVuq51YDZcIzOYEAeDB3BgJsgkQjnceFMLONm0nMrXs2bAS4TvyAVUKDRc7+COMWGE6ExQ0p1fS/TYY6kppiRSTkwimQID1GfdC0ViBMV5rOLJvDUKjFMUmmf0HCm/p7IEVdqzCOb5EgP1KI3Ff/zukYnV2FORWY0EXi+KDEM6hRO64ExlQRrNrYEYUntXyEeINuHtiWWbQn+4snLpHVe872af3dRqV8XdZTAMTgBVeCDS1AHt6ABmgCDR/AMXsGb8+S8OO/Oxzy64hQzR+APnM8fD6Gdzg==</latexit><latexit sha1_base64="qWxmukM5Scw6JxRRc/W0XROmagU=">AAACEXicbVDLSsNAFJ34rPUVdelmsIhdlUQEXRbduKxgH9CEMplM2qEzkziPQgn9BTf+ihsXirh1586/cdpmoa0HBg7nnMude6KMUaU979tZWV1b39gsbZW3d3b39t2Dw5ZKjcSkiVOWyk6EFGFUkKammpFOJgniESPtaHgz9dsjIhVNxb0eZyTkqC9oQjHSVuq51YDZcIzOYEAeDB3BgJsgkQjnceFMLONm0nMrXs2bAS4TvyAVUKDRc7+COMWGE6ExQ0p1fS/TYY6kppiRSTkwimQID1GfdC0ViBMV5rOLJvDUKjFMUmmf0HCm/p7IEVdqzCOb5EgP1KI3Ff/zukYnV2FORWY0EXi+KDEM6hRO64ExlQRrNrYEYUntXyEeINuHtiWWbQn+4snLpHVe872af3dRqV8XdZTAMTgBVeCDS1AHt6ABmgCDR/AMXsGb8+S8OO/Oxzy64hQzR+APnM8fD6Gdzg==</latexit><latexit sha1_base64="qWxmukM5Scw6JxRRc/W0XROmagU=">AAACEXicbVDLSsNAFJ34rPUVdelmsIhdlUQEXRbduKxgH9CEMplM2qEzkziPQgn9BTf+ihsXirh1586/cdpmoa0HBg7nnMude6KMUaU979tZWV1b39gsbZW3d3b39t2Dw5ZKjcSkiVOWyk6EFGFUkKammpFOJgniESPtaHgz9dsjIhVNxb0eZyTkqC9oQjHSVuq51YDZcIzOYEAeDB3BgJsgkQjnceFMLONm0nMrXs2bAS4TvyAVUKDRc7+COMWGE6ExQ0p1fS/TYY6kppiRSTkwimQID1GfdC0ViBMV5rOLJvDUKjFMUmmf0HCm/p7IEVdqzCOb5EgP1KI3Ff/zukYnV2FORWY0EXi+KDEM6hRO64ExlQRrNrYEYUntXyEeINuHtiWWbQn+4snLpHVe872af3dRqV8XdZTAMTgBVeCDS1AHt6ABmgCDR/AMXsGb8+S8OO/Oxzy64hQzR+APnM8fD6Gdzg==</latexit><latexit sha1_base64="qWxmukM5Scw6JxRRc/W0XROmagU=">AAACEXicbVDLSsNAFJ34rPUVdelmsIhdlUQEXRbduKxgH9CEMplM2qEzkziPQgn9BTf+ihsXirh1586/cdpmoa0HBg7nnMude6KMUaU979tZWV1b39gsbZW3d3b39t2Dw5ZKjcSkiVOWyk6EFGFUkKammpFOJgniESPtaHgz9dsjIhVNxb0eZyTkqC9oQjHSVuq51YDZcIzOYEAeDB3BgJsgkQjnceFMLONm0nMrXs2bAS4TvyAVUKDRc7+COMWGE6ExQ0p1fS/TYY6kppiRSTkwimQID1GfdC0ViBMV5rOLJvDUKjFMUmmf0HCm/p7IEVdqzCOb5EgP1KI3Ff/zukYnV2FORWY0EXi+KDEM6hRO64ExlQRrNrYEYUntXyEeINuHtiWWbQn+4snLpHVe872af3dRqV8XdZTAMTgBVeCDS1AHt6ABmgCDR/AMXsGb8+S8OO/Oxzy64hQzR+APnM8fD6Gdzg==</latexit>



It can be written as 

�5

✓
µ

@

@µ
+ �

@

@µ
� n�

◆
�(n)
R (p1, ..., pn;�(µ);µ) = 0

<latexit sha1_base64="p/9MxvEgguhug5cu1BtnGJm1epM="></latexit><latexit sha1_base64="p/9MxvEgguhug5cu1BtnGJm1epM="></latexit><latexit sha1_base64="p/9MxvEgguhug5cu1BtnGJm1epM="></latexit><latexit sha1_base64="p/9MxvEgguhug5cu1BtnGJm1epM="></latexit>

µ
d

dµ
�(n)
R (�(µ)) = n��(n)

R (�(µ))
<latexit sha1_base64="onXKMew5q5vQ30axfQCfI0Dsn50="></latexit><latexit sha1_base64="onXKMew5q5vQ30axfQCfI0Dsn50="></latexit><latexit sha1_base64="onXKMew5q5vQ30axfQCfI0Dsn50="></latexit><latexit sha1_base64="onXKMew5q5vQ30axfQCfI0Dsn50="></latexit>

�(n)
R (�(µ)) / e

n
2

zpole
�

✓
�(µ)

�(µ0)

◆n
2 z1

�(n)
R (�(µ0))

<latexit sha1_base64="RcEG2jILUIX8dR4Ew/zNKUr2Te0="></latexit><latexit sha1_base64="RcEG2jILUIX8dR4Ew/zNKUr2Te0="></latexit><latexit sha1_base64="RcEG2jILUIX8dR4Ew/zNKUr2Te0="></latexit><latexit sha1_base64="RcEG2jILUIX8dR4Ew/zNKUr2Te0="></latexit>

The general solution is of the form

� ' �0�
2 + ...

<latexit sha1_base64="3ZrJbj5Eg2Jd16PzY1hAmV2BPXg=">AAACDHicbVDLSgMxFM34rPVVdekmWARBGGaKoMuiG5cV7AM6tWQyd9rQZGZMMkIZ+gFu/BU3LhRx6we4829Mp7PQ1gOBk3Puvck9fsKZ0o7zbS0tr6yurZc2yptb2zu7lb39lopTSaFJYx7Ljk8UcBZBUzPNoZNIIMLn0PZHV1O//QBSsTi61eMEeoIMIhYySrSR+pWq54Mm2FNMwD3OL30He9xMCMhdDZ/atm2qHNvJgReJW5AqKtDoV768IKapgEhTTpTquk6iexmRmlEOk7KXKkgIHZEBdA2NiADVy/JlJvjYKAEOY2lOpHGu/u7IiFBqLHxTKYgeqnlvKv7ndVMdXvQyFiWphojOHgpTjnWMp8nggEmgmo8NIVQy81dMh0QSqk1+ZROCO7/yImnVbNex3Zuzav2yiKOEDtEROkEuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxKl6yi5wD9gfX5A9K3mYU=</latexit><latexit sha1_base64="3ZrJbj5Eg2Jd16PzY1hAmV2BPXg=">AAACDHicbVDLSgMxFM34rPVVdekmWARBGGaKoMuiG5cV7AM6tWQyd9rQZGZMMkIZ+gFu/BU3LhRx6we4829Mp7PQ1gOBk3Puvck9fsKZ0o7zbS0tr6yurZc2yptb2zu7lb39lopTSaFJYx7Ljk8UcBZBUzPNoZNIIMLn0PZHV1O//QBSsTi61eMEeoIMIhYySrSR+pWq54Mm2FNMwD3OL30He9xMCMhdDZ/atm2qHNvJgReJW5AqKtDoV768IKapgEhTTpTquk6iexmRmlEOk7KXKkgIHZEBdA2NiADVy/JlJvjYKAEOY2lOpHGu/u7IiFBqLHxTKYgeqnlvKv7ndVMdXvQyFiWphojOHgpTjnWMp8nggEmgmo8NIVQy81dMh0QSqk1+ZROCO7/yImnVbNex3Zuzav2yiKOEDtEROkEuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxKl6yi5wD9gfX5A9K3mYU=</latexit><latexit sha1_base64="3ZrJbj5Eg2Jd16PzY1hAmV2BPXg=">AAACDHicbVDLSgMxFM34rPVVdekmWARBGGaKoMuiG5cV7AM6tWQyd9rQZGZMMkIZ+gFu/BU3LhRx6we4829Mp7PQ1gOBk3Puvck9fsKZ0o7zbS0tr6yurZc2yptb2zu7lb39lopTSaFJYx7Ljk8UcBZBUzPNoZNIIMLn0PZHV1O//QBSsTi61eMEeoIMIhYySrSR+pWq54Mm2FNMwD3OL30He9xMCMhdDZ/atm2qHNvJgReJW5AqKtDoV768IKapgEhTTpTquk6iexmRmlEOk7KXKkgIHZEBdA2NiADVy/JlJvjYKAEOY2lOpHGu/u7IiFBqLHxTKYgeqnlvKv7ndVMdXvQyFiWphojOHgpTjnWMp8nggEmgmo8NIVQy81dMh0QSqk1+ZROCO7/yImnVbNex3Zuzav2yiKOEDtEROkEuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxKl6yi5wD9gfX5A9K3mYU=</latexit><latexit sha1_base64="3ZrJbj5Eg2Jd16PzY1hAmV2BPXg=">AAACDHicbVDLSgMxFM34rPVVdekmWARBGGaKoMuiG5cV7AM6tWQyd9rQZGZMMkIZ+gFu/BU3LhRx6we4829Mp7PQ1gOBk3Puvck9fsKZ0o7zbS0tr6yurZc2yptb2zu7lb39lopTSaFJYx7Ljk8UcBZBUzPNoZNIIMLn0PZHV1O//QBSsTi61eMEeoIMIhYySrSR+pWq54Mm2FNMwD3OL30He9xMCMhdDZ/atm2qHNvJgReJW5AqKtDoV768IKapgEhTTpTquk6iexmRmlEOk7KXKkgIHZEBdA2NiADVy/JlJvjYKAEOY2lOpHGu/u7IiFBqLHxTKYgeqnlvKv7ndVMdXvQyFiWphojOHgpTjnWMp8nggEmgmo8NIVQy81dMh0QSqk1+ZROCO7/yImnVbNex3Zuzav2yiKOEDtEROkEuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxKl6yi5wD9gfX5A9K3mYU=</latexit>

�/� '
✓

1

�0�2
+ z1

1

�
+ z2

◆

<latexit sha1_base64="/Lh/zM1w1R4RSZCdlf9wYmtdlAM="></latexit><latexit sha1_base64="/Lh/zM1w1R4RSZCdlf9wYmtdlAM="></latexit><latexit sha1_base64="/Lh/zM1w1R4RSZCdlf9wYmtdlAM="></latexit><latexit sha1_base64="/Lh/zM1w1R4RSZCdlf9wYmtdlAM="></latexit>

zpole = 2/�0
<latexit sha1_base64="WYTo8t9sh+/BcyavVW5gwT/cdZ4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5oUQTdC0Y3LCvYBbQiT6U07dDIJMxOhDcVfceNCEbf+hzv/xmmbhbYeuHA4596Ze0+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg79VuPIBWLxYMeJeBFpC9YyCjRRvLto7GfJTGHCb7G1fNuAJr4jm+XnYozA14mbk7KKEfdt7+6vZimEQhNOVGq4zqJ9jIiNaPm7VI3VZAQOiR96BgqSATKy2bbT/CpUXo4jKUpofFM/T2RkUipURSYzojogVr0puJ/XifV4ZWXMZGkGgSdfxSmHOsYT6PAPSaBaj4yhFDJzK6YDogkVJvASiYEd/HkZdKsVlyn4t5flGs3eRxFdIxO0Bly0SWqoTtURw1E0Rg9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzByKAlFk=</latexit><latexit sha1_base64="WYTo8t9sh+/BcyavVW5gwT/cdZ4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5oUQTdC0Y3LCvYBbQiT6U07dDIJMxOhDcVfceNCEbf+hzv/xmmbhbYeuHA4596Ze0+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg79VuPIBWLxYMeJeBFpC9YyCjRRvLto7GfJTGHCb7G1fNuAJr4jm+XnYozA14mbk7KKEfdt7+6vZimEQhNOVGq4zqJ9jIiNaPm7VI3VZAQOiR96BgqSATKy2bbT/CpUXo4jKUpofFM/T2RkUipURSYzojogVr0puJ/XifV4ZWXMZGkGgSdfxSmHOsYT6PAPSaBaj4yhFDJzK6YDogkVJvASiYEd/HkZdKsVlyn4t5flGs3eRxFdIxO0Bly0SWqoTtURw1E0Rg9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzByKAlFk=</latexit><latexit sha1_base64="WYTo8t9sh+/BcyavVW5gwT/cdZ4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5oUQTdC0Y3LCvYBbQiT6U07dDIJMxOhDcVfceNCEbf+hzv/xmmbhbYeuHA4596Ze0+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg79VuPIBWLxYMeJeBFpC9YyCjRRvLto7GfJTGHCb7G1fNuAJr4jm+XnYozA14mbk7KKEfdt7+6vZimEQhNOVGq4zqJ9jIiNaPm7VI3VZAQOiR96BgqSATKy2bbT/CpUXo4jKUpofFM/T2RkUipURSYzojogVr0puJ/XifV4ZWXMZGkGgSdfxSmHOsYT6PAPSaBaj4yhFDJzK6YDogkVJvASiYEd/HkZdKsVlyn4t5flGs3eRxFdIxO0Bly0SWqoTtURw1E0Rg9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzByKAlFk=</latexit><latexit sha1_base64="WYTo8t9sh+/BcyavVW5gwT/cdZ4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5oUQTdC0Y3LCvYBbQiT6U07dDIJMxOhDcVfceNCEbf+hzv/xmmbhbYeuHA4596Ze0+QcKa043xbhZXVtfWN4mZpa3tnd8/eP2iqOJUUGjTmsWwHRAFnAhqaaQ7tRAKJAg6tYHg79VuPIBWLxYMeJeBFpC9YyCjRRvLto7GfJTGHCb7G1fNuAJr4jm+XnYozA14mbk7KKEfdt7+6vZimEQhNOVGq4zqJ9jIiNaPm7VI3VZAQOiR96BgqSATKy2bbT/CpUXo4jKUpofFM/T2RkUipURSYzojogVr0puJ/XifV4ZWXMZGkGgSdfxSmHOsYT6PAPSaBaj4yhFDJzK6YDogkVJvASiYEd/HkZdKsVlyn4t5flGs3eRxFdIxO0Bly0SWqoTtURw1E0Rg9o1f0Zj1ZL9a79TFvLVj5zCH6A+vzByKAlFk=</latexit>

� ' 1 + ...
<latexit sha1_base64="HecI6ioHDWnFloAWEhNcu1PfkAs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQQiJCLosunFZwT6gCWUynbRDZ5I4MxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKu+22VlpZXVtfK65WNza3tHXt3r6mSTBLaIAlPZDvEinIW04ZmmtN2KikWIaetcHg98VsPVCqWxHd6lNJA4H7MIkawNlLXPvD7WAiMfMUEvUceOnUcp2tXXcedAi0SryBVKFDv2l9+LyGZoLEmHCvV8dxUBzmWmhFOxxU/UzTFZIj7tGNojAVVQT69foyOjdJDUSJNxRpN1d8TORZKjURoOgXWAzXvTcT/vE6mo8sgZ3GaaRqT2aIo40gnaBIF6jFJieYjQzCRzNyKyABLTLQJrGJC8OZfXiTNM8dzHe/2vFq7KuIowyEcwQl4cAE1uIE6NIDAIzzDK7xZT9aL9W59zFpLVjGzD39gff4A83KTkw==</latexit><latexit sha1_base64="HecI6ioHDWnFloAWEhNcu1PfkAs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQQiJCLosunFZwT6gCWUynbRDZ5I4MxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKu+22VlpZXVtfK65WNza3tHXt3r6mSTBLaIAlPZDvEinIW04ZmmtN2KikWIaetcHg98VsPVCqWxHd6lNJA4H7MIkawNlLXPvD7WAiMfMUEvUceOnUcp2tXXcedAi0SryBVKFDv2l9+LyGZoLEmHCvV8dxUBzmWmhFOxxU/UzTFZIj7tGNojAVVQT69foyOjdJDUSJNxRpN1d8TORZKjURoOgXWAzXvTcT/vE6mo8sgZ3GaaRqT2aIo40gnaBIF6jFJieYjQzCRzNyKyABLTLQJrGJC8OZfXiTNM8dzHe/2vFq7KuIowyEcwQl4cAE1uIE6NIDAIzzDK7xZT9aL9W59zFpLVjGzD39gff4A83KTkw==</latexit><latexit sha1_base64="HecI6ioHDWnFloAWEhNcu1PfkAs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQQiJCLosunFZwT6gCWUynbRDZ5I4MxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKu+22VlpZXVtfK65WNza3tHXt3r6mSTBLaIAlPZDvEinIW04ZmmtN2KikWIaetcHg98VsPVCqWxHd6lNJA4H7MIkawNlLXPvD7WAiMfMUEvUceOnUcp2tXXcedAi0SryBVKFDv2l9+LyGZoLEmHCvV8dxUBzmWmhFOxxU/UzTFZIj7tGNojAVVQT69foyOjdJDUSJNxRpN1d8TORZKjURoOgXWAzXvTcT/vE6mo8sgZ3GaaRqT2aIo40gnaBIF6jFJieYjQzCRzNyKyABLTLQJrGJC8OZfXiTNM8dzHe/2vFq7KuIowyEcwQl4cAE1uIE6NIDAIzzDK7xZT9aL9W59zFpLVjGzD39gff4A83KTkw==</latexit><latexit sha1_base64="HecI6ioHDWnFloAWEhNcu1PfkAs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEQQiJCLosunFZwT6gCWUynbRDZ5I4MxFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPWHKmdKu+22VlpZXVtfK65WNza3tHXt3r6mSTBLaIAlPZDvEinIW04ZmmtN2KikWIaetcHg98VsPVCqWxHd6lNJA4H7MIkawNlLXPvD7WAiMfMUEvUceOnUcp2tXXcedAi0SryBVKFDv2l9+LyGZoLEmHCvV8dxUBzmWmhFOxxU/UzTFZIj7tGNojAVVQT69foyOjdJDUSJNxRpN1d8TORZKjURoOgXWAzXvTcT/vE6mo8sgZ3GaaRqT2aIo40gnaBIF6jFJieYjQzCRzNyKyABLTLQJrGJC8OZfXiTNM8dzHe/2vFq7KuIowyEcwQl4cAE1uIE6NIDAIzzDK7xZT9aL9W59zFpLVjGzD39gff4A83KTkw==</latexit>

CONNECTION WITH THE RENORMALIZATION GROUP 
(PARISI 1978-1979)

d

d�
ln�(n)

R (�(µ)) = n�/�
<latexit sha1_base64="GT4zNkS36yW5fA1OabO6GQ8pST8="></latexit><latexit sha1_base64="GT4zNkS36yW5fA1OabO6GQ8pST8="></latexit><latexit sha1_base64="GT4zNkS36yW5fA1OabO6GQ8pST8="></latexit><latexit sha1_base64="GT4zNkS36yW5fA1OabO6GQ8pST8="></latexit>

(g)
<latexit sha1_base64="1UV0oVHYrxuu+EsSqMLEi8TxyG0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpoRqd98sVt+bOQVaJl5MK5Gj0y1+9QcKyGKVhgmrd9dzU+BOqDGcCp6VepjGlbEQj7FoqaYzan8xPnZIzqwxImChb0pC5+ntiQmOtx3FgO2NqhnrZm4n/ed3MhNf+hMs0MyjZYlGYCWISMvubDLhCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nroua5Ne/+slK/yeMowgmcQhU8uII63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QORyY1Q</latexit><latexit sha1_base64="1UV0oVHYrxuu+EsSqMLEi8TxyG0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpoRqd98sVt+bOQVaJl5MK5Gj0y1+9QcKyGKVhgmrd9dzU+BOqDGcCp6VepjGlbEQj7FoqaYzan8xPnZIzqwxImChb0pC5+ntiQmOtx3FgO2NqhnrZm4n/ed3MhNf+hMs0MyjZYlGYCWISMvubDLhCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nroua5Ne/+slK/yeMowgmcQhU8uII63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QORyY1Q</latexit><latexit sha1_base64="1UV0oVHYrxuu+EsSqMLEi8TxyG0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpoRqd98sVt+bOQVaJl5MK5Gj0y1+9QcKyGKVhgmrd9dzU+BOqDGcCp6VepjGlbEQj7FoqaYzan8xPnZIzqwxImChb0pC5+ntiQmOtx3FgO2NqhnrZm4n/ed3MhNf+hMs0MyjZYlGYCWISMvubDLhCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nroua5Ne/+slK/yeMowgmcQhU8uII63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QORyY1Q</latexit><latexit sha1_base64="1UV0oVHYrxuu+EsSqMLEi8TxyG0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWtB/QhrLZTtKlm03Y3Qil9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZYthkiUhUJ6AaBZfYNNwI7KQKaRwIbAej25nffkKleSIfzThFP6aR5CFn1FjpoRqd98sVt+bOQVaJl5MK5Gj0y1+9QcKyGKVhgmrd9dzU+BOqDGcCp6VepjGlbEQj7FoqaYzan8xPnZIzqwxImChb0pC5+ntiQmOtx3FgO2NqhnrZm4n/ed3MhNf+hMs0MyjZYlGYCWISMvubDLhCZsTYEsoUt7cSNqSKMmPTKdkQvOWXV0nroua5Ne/+slK/yeMowgmcQhU8uII63EEDmsAggmd4hTdHOC/Ou/OxaC04+cwx/IHz+QORyY1Q</latexit>

�<latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit>
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<latexit sha1_base64="ix2TU5fS+QSP9IqvjpYU+hFFzrw=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtwpKIoBuhKKjLCvYBTSyTyaQdOpmEmYnQhnyDG3/FjQtF3Lpy5984bbPQ1gMDh3PuvXPv8WJGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2mzJKBCYNHLFItD0kCaOcNBRVjLRjQVDoMdLyBpdjv/VAhKQRv1PDmLgh6nEaUIyUlrpm5brcq8Bz6FCu4FV5VIHkPj1yAoFwOspSh+lRPsoyf9Q1S1bVmgDOEzsnJZCj3jW/HD/CSUi4wgxJ2bGtWLkpEopiRrKik0gSIzxAPdLRlKOQSDednJTBQ634MIiEfnqzifq7I0WhlMPQ05UhUn05643F/7xOooIzN6U8ThThePpRkDCoIjjOB/pUEKzYUBOEBdW7QtxHOg6lUyzqEOzZk+dJ87hqW1X79qRUu8jjKIB9cADKwAanoAZuQB00AAaP4Bm8gjfjyXgx3o2PaemCkffsgT8wPn8AMg6cng==</latexit><latexit sha1_base64="ix2TU5fS+QSP9IqvjpYU+hFFzrw=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtwpKIoBuhKKjLCvYBTSyTyaQdOpmEmYnQhnyDG3/FjQtF3Lpy5984bbPQ1gMDh3PuvXPv8WJGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2mzJKBCYNHLFItD0kCaOcNBRVjLRjQVDoMdLyBpdjv/VAhKQRv1PDmLgh6nEaUIyUlrpm5brcq8Bz6FCu4FV5VIHkPj1yAoFwOspSh+lRPsoyf9Q1S1bVmgDOEzsnJZCj3jW/HD/CSUi4wgxJ2bGtWLkpEopiRrKik0gSIzxAPdLRlKOQSDednJTBQ634MIiEfnqzifq7I0WhlMPQ05UhUn05643F/7xOooIzN6U8ThThePpRkDCoIjjOB/pUEKzYUBOEBdW7QtxHOg6lUyzqEOzZk+dJ87hqW1X79qRUu8jjKIB9cADKwAanoAZuQB00AAaP4Bm8gjfjyXgx3o2PaemCkffsgT8wPn8AMg6cng==</latexit><latexit sha1_base64="ix2TU5fS+QSP9IqvjpYU+hFFzrw=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtwpKIoBuhKKjLCvYBTSyTyaQdOpmEmYnQhnyDG3/FjQtF3Lpy5984bbPQ1gMDh3PuvXPv8WJGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2mzJKBCYNHLFItD0kCaOcNBRVjLRjQVDoMdLyBpdjv/VAhKQRv1PDmLgh6nEaUIyUlrpm5brcq8Bz6FCu4FV5VIHkPj1yAoFwOspSh+lRPsoyf9Q1S1bVmgDOEzsnJZCj3jW/HD/CSUi4wgxJ2bGtWLkpEopiRrKik0gSIzxAPdLRlKOQSDednJTBQ634MIiEfnqzifq7I0WhlMPQ05UhUn05643F/7xOooIzN6U8ThThePpRkDCoIjjOB/pUEKzYUBOEBdW7QtxHOg6lUyzqEOzZk+dJ87hqW1X79qRUu8jjKIB9cADKwAanoAZuQB00AAaP4Bm8gjfjyXgx3o2PaemCkffsgT8wPn8AMg6cng==</latexit><latexit sha1_base64="ix2TU5fS+QSP9IqvjpYU+hFFzrw=">AAACEnicbVDLSsNAFJ34rPUVdelmsAjtwpKIoBuhKKjLCvYBTSyTyaQdOpmEmYnQhnyDG3/FjQtF3Lpy5984bbPQ1gMDh3PuvXPv8WJGpbKsb2NhcWl5ZbWwVlzf2NzaNnd2mzJKBCYNHLFItD0kCaOcNBRVjLRjQVDoMdLyBpdjv/VAhKQRv1PDmLgh6nEaUIyUlrpm5brcq8Bz6FCu4FV5VIHkPj1yAoFwOspSh+lRPsoyf9Q1S1bVmgDOEzsnJZCj3jW/HD/CSUi4wgxJ2bGtWLkpEopiRrKik0gSIzxAPdLRlKOQSDednJTBQ634MIiEfnqzifq7I0WhlMPQ05UhUn05643F/7xOooIzN6U8ThThePpRkDCoIjjOB/pUEKzYUBOEBdW7QtxHOg6lUyzqEOzZk+dJ87hqW1X79qRUu8jjKIB9cADKwAanoAZuQB00AAaP4Bm8gjfjyXgx3o2PaemCkffsgT8wPn8AMg6cng==</latexit>

Borel transform



CONNECTION WITH THE RENORMALIZATION GROUP 
(PARISI 1978-1979)

(n− 1)bubbles

k + l

pp p + k

l

For large Euclidean momentum there exist the equivalence 
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<latexit sha1_base64="9Ebf9Kg0015jEAhnDMZyIJ/H+xE=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04sFDBfsBbSib7aZdutkNuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDAR3IDnfTsrq2vrG5ulrfL2zu7evntw2DIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8fXUbz8wbbiS95AlLIjJUPKIUwJW6ruV3q2SQ8Ei0Hw4AqK1euy7Va/mzYCXiV+QKirQ6LtfvYGiacwkUEGM6fpeAkFONHAq2KTcSw1LCB2TIetaKknMTJDPjp/gE6sMcKS0LQl4pv6eyElsTBaHtjMmMDKL3lT8z+umEF0GOZdJCkzS+aIoFRgUniaBB1wzCiKzhFDN7a2YjogmFGxeZRuCv/jyMmmd1Xyv5t+dV+tXRRwldISO0Sny0QWqoxvUQE1EUYae0St6c56cF+fd+Zi3rjjFTAX9gfP5A3bLlUk=</latexit><latexit sha1_base64="9Ebf9Kg0015jEAhnDMZyIJ/H+xE=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04sFDBfsBbSib7aZdutkNuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDAR3IDnfTsrq2vrG5ulrfL2zu7evntw2DIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8fXUbz8wbbiS95AlLIjJUPKIUwJW6ruV3q2SQ8Ei0Hw4AqK1euy7Va/mzYCXiV+QKirQ6LtfvYGiacwkUEGM6fpeAkFONHAq2KTcSw1LCB2TIetaKknMTJDPjp/gE6sMcKS0LQl4pv6eyElsTBaHtjMmMDKL3lT8z+umEF0GOZdJCkzS+aIoFRgUniaBB1wzCiKzhFDN7a2YjogmFGxeZRuCv/jyMmmd1Xyv5t+dV+tXRRwldISO0Sny0QWqoxvUQE1EUYae0St6c56cF+fd+Zi3rjjFTAX9gfP5A3bLlUk=</latexit><latexit sha1_base64="9Ebf9Kg0015jEAhnDMZyIJ/H+xE=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04sFDBfsBbSib7aZdutkNuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDAR3IDnfTsrq2vrG5ulrfL2zu7evntw2DIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8fXUbz8wbbiS95AlLIjJUPKIUwJW6ruV3q2SQ8Ei0Hw4AqK1euy7Va/mzYCXiV+QKirQ6LtfvYGiacwkUEGM6fpeAkFONHAq2KTcSw1LCB2TIetaKknMTJDPjp/gE6sMcKS0LQl4pv6eyElsTBaHtjMmMDKL3lT8z+umEF0GOZdJCkzS+aIoFRgUniaBB1wzCiKzhFDN7a2YjogmFGxeZRuCv/jyMmmd1Xyv5t+dV+tXRRwldISO0Sny0QWqoxvUQE1EUYae0St6c56cF+fd+Zi3rjjFTAX9gfP5A3bLlUk=</latexit><latexit sha1_base64="9Ebf9Kg0015jEAhnDMZyIJ/H+xE=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04sFDBfsBbSib7aZdutkNuxMlhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDAR3IDnfTsrq2vrG5ulrfL2zu7evntw2DIq1ZQ1qRJKd0JimOCSNYGDYJ1EMxKHgrXD8fXUbz8wbbiS95AlLIjJUPKIUwJW6ruV3q2SQ8Ei0Hw4AqK1euy7Va/mzYCXiV+QKirQ6LtfvYGiacwkUEGM6fpeAkFONHAq2KTcSw1LCB2TIetaKknMTJDPjp/gE6sMcKS0LQl4pv6eyElsTBaHtjMmMDKL3lT8z+umEF0GOZdJCkzS+aIoFRgUniaBB1wzCiKzhFDN7a2YjogmFGxeZRuCv/jyMmmd1Xyv5t+dV+tXRRwldISO0Sny0QWqoxvUQE1EUYae0St6c56cF+fd+Zi3rjjFTAX9gfP5A3bLlUk=</latexit>

That in the multi-coupling case. (This requires an analytical solution of the RGE’s)
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<latexit sha1_base64="MBF5O09bzwbcBFuRYjUrwK2AZYU="></latexit><latexit sha1_base64="MBF5O09bzwbcBFuRYjUrwK2AZYU="></latexit><latexit sha1_base64="MBF5O09bzwbcBFuRYjUrwK2AZYU="></latexit><latexit sha1_base64="MBF5O09bzwbcBFuRYjUrwK2AZYU="></latexit>
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<latexit sha1_base64="t1OOTUNVOF4JJdlYENa8qiZoMfs="></latexit><latexit sha1_base64="t1OOTUNVOF4JJdlYENa8qiZoMfs="></latexit><latexit sha1_base64="t1OOTUNVOF4JJdlYENa8qiZoMfs="></latexit><latexit sha1_base64="t1OOTUNVOF4JJdlYENa8qiZoMfs="></latexit>
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<latexit sha1_base64="xzWp3uEDgwUKMLB+S4CwVJ99TE0="></latexit><latexit sha1_base64="xzWp3uEDgwUKMLB+S4CwVJ99TE0="></latexit><latexit sha1_base64="xzWp3uEDgwUKMLB+S4CwVJ99TE0="></latexit><latexit sha1_base64="xzWp3uEDgwUKMLB+S4CwVJ99TE0="></latexit>
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<latexit sha1_base64="gAZiliNHfGtz6hSWLC9Oom51O3I="></latexit><latexit sha1_base64="gAZiliNHfGtz6hSWLC9Oom51O3I="></latexit><latexit sha1_base64="gAZiliNHfGtz6hSWLC9Oom51O3I="></latexit><latexit sha1_base64="gAZiliNHfGtz6hSWLC9Oom51O3I="></latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>
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ITERATIVE SOLUTION OF THE RGE’S
. (J.-H. He, Variational iteration method for autonomous ordinary differential systems, Applied Mathematics and Computation 114 (2000) 115–123)  

It turns that the more general problem of the solution of ordinary non-linear differential 
equations has been studied by He. In particular for the RGE’s 
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These are the comparison of the first three orders in t with the usual 
numerical solution of the RGE’s
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Algorithm for finding the divergences in the Borel series

Using the comparison test we can locate the divergence of the  
multivariate Borel series, eventually on the positive axis and therefore the  
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The generalized Borel transform 

�0
j ! �(zj)

<latexit sha1_base64="KjexbWbrVRZTeTJDcJchq6+ttGc=">AAACC3icbVC7TgJBFJ3FF+ILtbSZSEywIbvGRO2INpaYuELCIrk7O8DA7CMzdzVI+AAbf8XGQo2tP2Dn3zg8CgVPMsnJOefmzj1+IoVG2/62MguLS8sr2dXc2vrG5lZ+e+dGx6li3GWxjFXNB82liLiLAiWvJYpD6Ete9XsXI796x5UWcXSN/YQ3QmhHoiUYoJGa+YInTTiAZvfW9pRodxCUiu+pF3CJUHxodg9zJmWX7DHoPHGmpECmqDTzX14QszTkETIJWtcdO8HGABQKJvkw56WaJ8B60OZ1QyMIuW4MxscM6YFRAtqKlXkR0rH6e2IAodb90DfJELCjZ72R+J9XT7F12hiIKEmRR2yyqJVKijEdNUMDoThD2TcEmBLmr5R1QAFD09+oBGf25HniHpXOSs7VcaF8Pm0jS/bIPikSh5yQMrkkFeISRh7JM3klb9aT9WK9Wx+TaMaazuySP7A+fwBcI5q6</latexit><latexit sha1_base64="KjexbWbrVRZTeTJDcJchq6+ttGc=">AAACC3icbVC7TgJBFJ3FF+ILtbSZSEywIbvGRO2INpaYuELCIrk7O8DA7CMzdzVI+AAbf8XGQo2tP2Dn3zg8CgVPMsnJOefmzj1+IoVG2/62MguLS8sr2dXc2vrG5lZ+e+dGx6li3GWxjFXNB82liLiLAiWvJYpD6Ete9XsXI796x5UWcXSN/YQ3QmhHoiUYoJGa+YInTTiAZvfW9pRodxCUiu+pF3CJUHxodg9zJmWX7DHoPHGmpECmqDTzX14QszTkETIJWtcdO8HGABQKJvkw56WaJ8B60OZ1QyMIuW4MxscM6YFRAtqKlXkR0rH6e2IAodb90DfJELCjZ72R+J9XT7F12hiIKEmRR2yyqJVKijEdNUMDoThD2TcEmBLmr5R1QAFD09+oBGf25HniHpXOSs7VcaF8Pm0jS/bIPikSh5yQMrkkFeISRh7JM3klb9aT9WK9Wx+TaMaazuySP7A+fwBcI5q6</latexit><latexit sha1_base64="KjexbWbrVRZTeTJDcJchq6+ttGc=">AAACC3icbVC7TgJBFJ3FF+ILtbSZSEywIbvGRO2INpaYuELCIrk7O8DA7CMzdzVI+AAbf8XGQo2tP2Dn3zg8CgVPMsnJOefmzj1+IoVG2/62MguLS8sr2dXc2vrG5lZ+e+dGx6li3GWxjFXNB82liLiLAiWvJYpD6Ete9XsXI796x5UWcXSN/YQ3QmhHoiUYoJGa+YInTTiAZvfW9pRodxCUiu+pF3CJUHxodg9zJmWX7DHoPHGmpECmqDTzX14QszTkETIJWtcdO8HGABQKJvkw56WaJ8B60OZ1QyMIuW4MxscM6YFRAtqKlXkR0rH6e2IAodb90DfJELCjZ72R+J9XT7F12hiIKEmRR2yyqJVKijEdNUMDoThD2TcEmBLmr5R1QAFD09+oBGf25HniHpXOSs7VcaF8Pm0jS/bIPikSh5yQMrkkFeISRh7JM3klb9aT9WK9Wx+TaMaazuySP7A+fwBcI5q6</latexit><latexit sha1_base64="KjexbWbrVRZTeTJDcJchq6+ttGc=">AAACC3icbVC7TgJBFJ3FF+ILtbSZSEywIbvGRO2INpaYuELCIrk7O8DA7CMzdzVI+AAbf8XGQo2tP2Dn3zg8CgVPMsnJOefmzj1+IoVG2/62MguLS8sr2dXc2vrG5lZ+e+dGx6li3GWxjFXNB82liLiLAiWvJYpD6Ete9XsXI796x5UWcXSN/YQ3QmhHoiUYoJGa+YInTTiAZvfW9pRodxCUiu+pF3CJUHxodg9zJmWX7DHoPHGmpECmqDTzX14QszTkETIJWtcdO8HGABQKJvkw56WaJ8B60OZ1QyMIuW4MxscM6YFRAtqKlXkR0rH6e2IAodb90DfJELCjZ72R+J9XT7F12hiIKEmRR2yyqJVKijEdNUMDoThD2TcEmBLmr5R1QAFD09+oBGf25HniHpXOSs7VcaF8Pm0jS/bIPikSh5yQMrkkFeISRh7JM3klb9aT9WK9Wx+TaMaazuySP7A+fwBcI5q6</latexit>

Z
dz1dz2...dzNe�(

z1
�1

+
z2
�2

+...+
zN
�N

)Bn,i(z1, z2, ..., zN ) .
<latexit sha1_base64="NhEMxYeYQnJqEB8eewd47KYv5v4="></latexit><latexit sha1_base64="NhEMxYeYQnJqEB8eewd47KYv5v4="></latexit><latexit sha1_base64="NhEMxYeYQnJqEB8eewd47KYv5v4="></latexit><latexit sha1_base64="NhEMxYeYQnJqEB8eewd47KYv5v4="></latexit>

The integral form of the generalized Borel transform 

�9



Leading Renormalons. One coupling much larger with respect  
To the others

�i(t) = �ji�j(0) +
1X

n=1

tn(an�j(0)
2 +An)

<latexit sha1_base64="YpCMBLOH7iChF0eB/1Fm24AqjSk="></latexit><latexit sha1_base64="YpCMBLOH7iChF0eB/1Fm24AqjSk="></latexit><latexit sha1_base64="YpCMBLOH7iChF0eB/1Fm24AqjSk="></latexit><latexit sha1_base64="YpCMBLOH7iChF0eB/1Fm24AqjSk="></latexit>

Applying the Borel transform

Y

k 6=j

�(zk)

 
�ji +

1X

n=1

an(
zi
2
)n
!

<latexit sha1_base64="A81etQqssbKl4lMKPtELg81K0As="></latexit><latexit sha1_base64="A81etQqssbKl4lMKPtELg81K0As="></latexit><latexit sha1_base64="A81etQqssbKl4lMKPtELg81K0As="></latexit><latexit sha1_base64="A81etQqssbKl4lMKPtELg81K0As="></latexit>

1

2n
|an|(zj)npole =

✓
�

2
zpole

◆n

= 1
<latexit sha1_base64="MNeNt7VY2FhC2cRnUhORixDxJc4="></latexit><latexit sha1_base64="MNeNt7VY2FhC2cRnUhORixDxJc4="></latexit><latexit sha1_base64="MNeNt7VY2FhC2cRnUhORixDxJc4="></latexit><latexit sha1_base64="MNeNt7VY2FhC2cRnUhORixDxJc4="></latexit>

Using the comparison test

(zj)pole ⌘ lim
n!1

2/ n
p

|an|
<latexit sha1_base64="m5hDnNAKOJLexnIxDVjJxmD2YW0="></latexit><latexit sha1_base64="m5hDnNAKOJLexnIxDVjJxmD2YW0="></latexit><latexit sha1_base64="m5hDnNAKOJLexnIxDVjJxmD2YW0="></latexit><latexit sha1_base64="m5hDnNAKOJLexnIxDVjJxmD2YW0="></latexit>

This definition is the generalization of the t’ Hooft result when  
one coupling is large with respect to the others    
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Another important limit: all couplings are of the same size. 
A power counting argument 

In this case one finds

zpole ⇠
2

N�
<latexit sha1_base64="OOljShb6IYCTkWKchiy/1N89DC0=">AAACCnicbVBNS8NAEN3Urxq/oh69LBbBU0mKoN6KXjxJBWMLTQib7aZdusmG3Y1QQ+5e/CtePKh49Rd489+4aXPQ1gcDj/dmmJkXpoxKZdvfRm1peWV1rb5ubmxube9Yu3t3kmcCExdzxkUvRJIwmhBXUcVILxUExSEj3XB8WfrdeyIk5cmtmqTEj9EwoRHFSGkpsA4fgjzljBTQkzSGXiQQzltFfg29kChUeKYZWA27aU8BF4lTkQao0AmsL2/AcRaTRGGGpOw7dqr8HAlFsd5kepkkKcJjNCR9TRMUE+nn018KeKSVAYy40JUoOFV/T+QolnISh7ozRmok571S/M/rZyo683OapJkiCZ4tijIGFYdlMHBABcGKTTRBWFB9K8QjpONQOr4yBGf+5UXitprnTefmpNG+qNKogwNwCI6BA05BG1yBDnABBo/gGbyCN+PJeDHejY9Za82oZvbBHxifP1+/mik=</latexit><latexit sha1_base64="OOljShb6IYCTkWKchiy/1N89DC0=">AAACCnicbVBNS8NAEN3Urxq/oh69LBbBU0mKoN6KXjxJBWMLTQib7aZdusmG3Y1QQ+5e/CtePKh49Rd489+4aXPQ1gcDj/dmmJkXpoxKZdvfRm1peWV1rb5ubmxube9Yu3t3kmcCExdzxkUvRJIwmhBXUcVILxUExSEj3XB8WfrdeyIk5cmtmqTEj9EwoRHFSGkpsA4fgjzljBTQkzSGXiQQzltFfg29kChUeKYZWA27aU8BF4lTkQao0AmsL2/AcRaTRGGGpOw7dqr8HAlFsd5kepkkKcJjNCR9TRMUE+nn018KeKSVAYy40JUoOFV/T+QolnISh7ozRmok571S/M/rZyo683OapJkiCZ4tijIGFYdlMHBABcGKTTRBWFB9K8QjpONQOr4yBGf+5UXitprnTefmpNG+qNKogwNwCI6BA05BG1yBDnABBo/gGbyCN+PJeDHejY9Za82oZvbBHxifP1+/mik=</latexit><latexit sha1_base64="OOljShb6IYCTkWKchiy/1N89DC0=">AAACCnicbVBNS8NAEN3Urxq/oh69LBbBU0mKoN6KXjxJBWMLTQib7aZdusmG3Y1QQ+5e/CtePKh49Rd489+4aXPQ1gcDj/dmmJkXpoxKZdvfRm1peWV1rb5ubmxube9Yu3t3kmcCExdzxkUvRJIwmhBXUcVILxUExSEj3XB8WfrdeyIk5cmtmqTEj9EwoRHFSGkpsA4fgjzljBTQkzSGXiQQzltFfg29kChUeKYZWA27aU8BF4lTkQao0AmsL2/AcRaTRGGGpOw7dqr8HAlFsd5kepkkKcJjNCR9TRMUE+nn018KeKSVAYy40JUoOFV/T+QolnISh7ozRmok571S/M/rZyo683OapJkiCZ4tijIGFYdlMHBABcGKTTRBWFB9K8QjpONQOr4yBGf+5UXitprnTefmpNG+qNKogwNwCI6BA05BG1yBDnABBo/gGbyCN+PJeDHejY9Za82oZvbBHxifP1+/mik=</latexit><latexit sha1_base64="OOljShb6IYCTkWKchiy/1N89DC0=">AAACCnicbVBNS8NAEN3Urxq/oh69LBbBU0mKoN6KXjxJBWMLTQib7aZdusmG3Y1QQ+5e/CtePKh49Rd489+4aXPQ1gcDj/dmmJkXpoxKZdvfRm1peWV1rb5ubmxube9Yu3t3kmcCExdzxkUvRJIwmhBXUcVILxUExSEj3XB8WfrdeyIk5cmtmqTEj9EwoRHFSGkpsA4fgjzljBTQkzSGXiQQzltFfg29kChUeKYZWA27aU8BF4lTkQao0AmsL2/AcRaTRGGGpOw7dqr8HAlFsd5kepkkKcJjNCR9TRMUE+nn018KeKSVAYy40JUoOFV/T+QolnISh7ozRmok571S/M/rZyo683OapJkiCZ4tijIGFYdlMHBABcGKTTRBWFB9K8QjpONQOr4yBGf+5UXitprnTefmpNG+qNKogwNwCI6BA05BG1yBDnABBo/gGbyCN+PJeDHejY9Za82oZvbBHxifP1+/mik=</latexit>

N is the number of couplings in the theory under consideration

�i ! �
<latexit sha1_base64="eO9pcjuGKtfHog4dzibnOxt3PZk=">AAACAnicbVBNS8NAEN34WeNX1JteFovgqSQiqLeiF48VjC00IWy2m3bpZhN2J0opBS/+FS8eVLz6K7z5b0zSHLT1wcDjvRlm5oWp4Bps+9tYWFxaXlmtrZnrG5tb29bO7p1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF4VfvueKc0TeQujlPkx6UsecUoglwJr3wsZkIBjT/H+AIhSyUMpmWZg1e2GXQLPE6cidVShFVhfXi+hWcwkUEG07jp2Cv6YKOBUsInpZZqlhA5Jn3VzKknMtD8uf5jgo1zp4ShReUnApfp7YkxirUdxmHfGBAZ61ivE/7xuBtG5P+YyzYBJOl0UZQJDgotAcI8rRkGMckKo4vmtmA6IIhTy2IoQnNmX54l70rhoODen9eZllUYNHaBDdIwcdIaa6Bq1kIsoekTP6BW9GU/Gi/FufExbF4xqZg/9gfH5A6lulxQ=</latexit><latexit sha1_base64="eO9pcjuGKtfHog4dzibnOxt3PZk=">AAACAnicbVBNS8NAEN34WeNX1JteFovgqSQiqLeiF48VjC00IWy2m3bpZhN2J0opBS/+FS8eVLz6K7z5b0zSHLT1wcDjvRlm5oWp4Bps+9tYWFxaXlmtrZnrG5tb29bO7p1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF4VfvueKc0TeQujlPkx6UsecUoglwJr3wsZkIBjT/H+AIhSyUMpmWZg1e2GXQLPE6cidVShFVhfXi+hWcwkUEG07jp2Cv6YKOBUsInpZZqlhA5Jn3VzKknMtD8uf5jgo1zp4ShReUnApfp7YkxirUdxmHfGBAZ61ivE/7xuBtG5P+YyzYBJOl0UZQJDgotAcI8rRkGMckKo4vmtmA6IIhTy2IoQnNmX54l70rhoODen9eZllUYNHaBDdIwcdIaa6Bq1kIsoekTP6BW9GU/Gi/FufExbF4xqZg/9gfH5A6lulxQ=</latexit><latexit sha1_base64="eO9pcjuGKtfHog4dzibnOxt3PZk=">AAACAnicbVBNS8NAEN34WeNX1JteFovgqSQiqLeiF48VjC00IWy2m3bpZhN2J0opBS/+FS8eVLz6K7z5b0zSHLT1wcDjvRlm5oWp4Bps+9tYWFxaXlmtrZnrG5tb29bO7p1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF4VfvueKc0TeQujlPkx6UsecUoglwJr3wsZkIBjT/H+AIhSyUMpmWZg1e2GXQLPE6cidVShFVhfXi+hWcwkUEG07jp2Cv6YKOBUsInpZZqlhA5Jn3VzKknMtD8uf5jgo1zp4ShReUnApfp7YkxirUdxmHfGBAZ61ivE/7xuBtG5P+YyzYBJOl0UZQJDgotAcI8rRkGMckKo4vmtmA6IIhTy2IoQnNmX54l70rhoODen9eZllUYNHaBDdIwcdIaa6Bq1kIsoekTP6BW9GU/Gi/FufExbF4xqZg/9gfH5A6lulxQ=</latexit><latexit sha1_base64="eO9pcjuGKtfHog4dzibnOxt3PZk=">AAACAnicbVBNS8NAEN34WeNX1JteFovgqSQiqLeiF48VjC00IWy2m3bpZhN2J0opBS/+FS8eVLz6K7z5b0zSHLT1wcDjvRlm5oWp4Bps+9tYWFxaXlmtrZnrG5tb29bO7p1OMkWZSxORqE5INBNcMhc4CNZJFSNxKFg7HF4VfvueKc0TeQujlPkx6UsecUoglwJr3wsZkIBjT/H+AIhSyUMpmWZg1e2GXQLPE6cidVShFVhfXi+hWcwkUEG07jp2Cv6YKOBUsInpZZqlhA5Jn3VzKknMtD8uf5jgo1zp4ShReUnApfp7YkxirUdxmHfGBAZ61ivE/7xuBtG5P+YyzYBJOl0UZQJDgotAcI8rRkGMckKo4vmtmA6IIhTy2IoQnNmX54l70rhoODen9eZllUYNHaBDdIwcdIaa6Bq1kIsoekTP6BW9GU/Gi/FufExbF4xqZg/9gfH5A6lulxQ=</latexit>

zi ! z
<latexit sha1_base64="q9oZXUMdjQq6DkxmML7ckd4pyj0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5KIoN6KXjxWMLbQhrDZbtqlm92wu1HSUP+KFw8qXv0j3vw3btoctPXBwOO9GWbmhQmjSjvOt1VZWV1b36hu1ra2d3b37P2DeyVSiYmHBROyGyJFGOXE01Qz0k0kQXHISCccXxd+54FIRQW/01lC/BgNOY0oRtpIgV2fBBT2JR2ONJJSPMJJrRbYDafpzACXiVuSBijRDuyv/kDgNCZcY4aU6rlOov0cSU0xI9NaP1UkQXiMhqRnKEcxUX4+O34Kj40ygJGQpriGM/X3RI5ipbI4NJ0x0iO16BXif14v1dGFn1OepJpwPF8UpQxqAYsk4IBKgjXLDEFYUnMrxCMkEdYmryIEd/HlZeKdNi+b7u1Zo3VVplEFh+AInAAXnIMWuAFt4AEMMvAMXsGb9WS9WO/Wx7y1YpUzdfAH1ucPFqyT8g==</latexit><latexit sha1_base64="q9oZXUMdjQq6DkxmML7ckd4pyj0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5KIoN6KXjxWMLbQhrDZbtqlm92wu1HSUP+KFw8qXv0j3vw3btoctPXBwOO9GWbmhQmjSjvOt1VZWV1b36hu1ra2d3b37P2DeyVSiYmHBROyGyJFGOXE01Qz0k0kQXHISCccXxd+54FIRQW/01lC/BgNOY0oRtpIgV2fBBT2JR2ONJJSPMJJrRbYDafpzACXiVuSBijRDuyv/kDgNCZcY4aU6rlOov0cSU0xI9NaP1UkQXiMhqRnKEcxUX4+O34Kj40ygJGQpriGM/X3RI5ipbI4NJ0x0iO16BXif14v1dGFn1OepJpwPF8UpQxqAYsk4IBKgjXLDEFYUnMrxCMkEdYmryIEd/HlZeKdNi+b7u1Zo3VVplEFh+AInAAXnIMWuAFt4AEMMvAMXsGb9WS9WO/Wx7y1YpUzdfAH1ucPFqyT8g==</latexit><latexit sha1_base64="q9oZXUMdjQq6DkxmML7ckd4pyj0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5KIoN6KXjxWMLbQhrDZbtqlm92wu1HSUP+KFw8qXv0j3vw3btoctPXBwOO9GWbmhQmjSjvOt1VZWV1b36hu1ra2d3b37P2DeyVSiYmHBROyGyJFGOXE01Qz0k0kQXHISCccXxd+54FIRQW/01lC/BgNOY0oRtpIgV2fBBT2JR2ONJJSPMJJrRbYDafpzACXiVuSBijRDuyv/kDgNCZcY4aU6rlOov0cSU0xI9NaP1UkQXiMhqRnKEcxUX4+O34Kj40ygJGQpriGM/X3RI5ipbI4NJ0x0iO16BXif14v1dGFn1OepJpwPF8UpQxqAYsk4IBKgjXLDEFYUnMrxCMkEdYmryIEd/HlZeKdNi+b7u1Zo3VVplEFh+AInAAXnIMWuAFt4AEMMvAMXsGb9WS9WO/Wx7y1YpUzdfAH1ucPFqyT8g==</latexit><latexit sha1_base64="q9oZXUMdjQq6DkxmML7ckd4pyj0=">AAAB+3icbVBNS8NAEN3Ur1q/oj16WSyCp5KIoN6KXjxWMLbQhrDZbtqlm92wu1HSUP+KFw8qXv0j3vw3btoctPXBwOO9GWbmhQmjSjvOt1VZWV1b36hu1ra2d3b37P2DeyVSiYmHBROyGyJFGOXE01Qz0k0kQXHISCccXxd+54FIRQW/01lC/BgNOY0oRtpIgV2fBBT2JR2ONJJSPMJJrRbYDafpzACXiVuSBijRDuyv/kDgNCZcY4aU6rlOov0cSU0xI9NaP1UkQXiMhqRnKEcxUX4+O34Kj40ygJGQpriGM/X3RI5ipbI4NJ0x0iO16BXif14v1dGFn1OepJpwPF8UpQxqAYsk4IBKgjXLDEFYUnMrxCMkEdYmryIEd/HlZeKdNi+b7u1Zo3VVplEFh+AInAAXnIMWuAFt4AEMMvAMXsGb9WS9WO/Wx7y1YpUzdfAH1ucPFqyT8g==</latexit>

This result shows how the  position of the renormalon’s singularity  
changes with the number of couplings. Large N push the renormalon 

singularity to smaller values, therefore worsening the issue of  
perturbative renormalizability
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TOY MODEL EXAMPLE (N = 3)

V (�1,�2) � �1�
4
1 + �2�

4
2 + ↵�2

1�
2
2 ,

<latexit sha1_base64="mRJEdTp0xF62Utmt1z4Hpnn3iSI="></latexit><latexit sha1_base64="mRJEdTp0xF62Utmt1z4Hpnn3iSI="></latexit><latexit sha1_base64="mRJEdTp0xF62Utmt1z4Hpnn3iSI="></latexit><latexit sha1_base64="mRJEdTp0xF62Utmt1z4Hpnn3iSI="></latexit>

The potential

�0
1 =

1

16⇡2
(72�2

1 + 2↵2) = �11�
2
1 + �13↵

2 ,

�0
2 =

1

16⇡2
(72�2

2 + 2↵2) = �21�
2
2 + �23↵

2 ,

↵0 =
1

16⇡2
[16↵2 + 24↵(�1 + �2)] = �33↵

2 + �31↵�1 + �32↵�2 ,
<latexit sha1_base64="W4rbc/R621gInMMy7S0dwvvcal4="></latexit><latexit sha1_base64="W4rbc/R621gInMMy7S0dwvvcal4="></latexit><latexit sha1_base64="W4rbc/R621gInMMy7S0dwvvcal4="></latexit><latexit sha1_base64="W4rbc/R621gInMMy7S0dwvvcal4="></latexit>

The RGE’s for this model are

z1 = a⇥R, z2 = b⇥R, z↵ = c⇥R ,
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We parametrize so that usual criteria for convergence may applied  
to the variable R 

R 2 IR+
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TOY MODEL. LEADING RENORMALON CASE
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NON-LEADING CASE. REAL Z’S

-4 -3 -2 -1 0 1 2

-2

0

2

4

z2

z α

z1=R

2.5
3.0
3.5
4.0
4.5

-4 -3 -2 -1 0 1 2

-4

-2

0

2

4

z1

z α

z2=R

2.82
3.76
4.70
5.64
6.58

-2 0 2 4

-4

-2

0

2

4

z1

z 2

zα=R

2
4
6
8
10

-4 -3 -2 -1 0 1 2
-4

-2

0

2

4

z2

z α

z1=R

2.64
3.30
3.96
4.62
5.28

-4 -3 -2 -1 0 1 2
-4

-2

0

2

4

z1

z α

z2=R

2.64
3.30
3.96
4.62
5.28

-4 -2 0 2 4
-4

-2

0

2

4

z2

z α

zα=R

2
4
6
8
10

�14

z1 = aR, z2 = bR, z↵ = cR. a, b, c 2 IR
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NON-LEADING CASE. COMPLEX Z’S
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CONTACT WITH REALISTIC THEORIES

• There are BSM scenarios with a non trivial scalar potential ( such 
as MSSM, 2HDM, mLRSM and GUTs). Renormalons may be 
important for all these examples 

• Renormalon’s singularities might be important in these examples. 
The perturbativity issue has already been studied in mLRSM  in   
“A. Maiezza, M. Nemevsˇek and F. Nesti, Perturbativity and mass scales in the minimal left-right symmetric model, 
Phys. Rev. D94 (2016) 035008, [1603.00360]“ and “A. Maiezza, G. Senjanovic ́ and J. C. Vasquez, Higgs sector of 
the minimal left-right symmetric theory, Phys. Rev. D95 (2017) 095004, [1612.09146]”  
 

•  The position of the Landau poles at 1-loop can be calculated with 
the iterative solution of the RGEs

⇤i,Landau = µ0exp[ lim
n!1

|s(n)i|�1/n] ,
<latexit sha1_base64="kEQEv0HBc9dDQrRi5xtJ7uEiHyA="></latexit><latexit sha1_base64="kEQEv0HBc9dDQrRi5xtJ7uEiHyA="></latexit><latexit sha1_base64="kEQEv0HBc9dDQrRi5xtJ7uEiHyA="></latexit><latexit sha1_base64="kEQEv0HBc9dDQrRi5xtJ7uEiHyA="></latexit>

�16



CONCLUSIONS
• We have extended the concept of renormalons to a QFT with an arbitrary number of fields and couplings 

• Our aim of to find regions in the parameter space of any model where the perturbative renormalizability 
is guaranteed 

• Analogous to the seminal work of t’ Hooft, the renormalons can be identified in terms of the one loop 
beta functions 

• In the generic case regions in the parameter’s space of the model emerges where the perturbative 
renormalization fails 

• We  provide a method to find such regions both analytically (with some assumptions) and numerically, and 
then to infer bounds on the couplings of a given model 

• We have used a simple toy model with two coupled scalar fields in order to illustrate the emergence of 
the renormalons  

• In summary, any theory might be perturbatively ill-defined even below the Landau poles. To our 
knowledge, there is no a  quantitatively precise measure of the non-perturbative regime of a generic QFT. 
We have tried to fill up this gap by requiring the Borel resumability in a framework with an arbitrary 
number of fields and couplings. This enables one to determine safe regions in the parameter space of  a 
given  model, where perturbation theory can be consistently used and resummed.
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