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 The problems of NR interactions are related to the growth of the 
amplitudes with energy violating unitarity and uncontrollable  UV 
divergences

The foundation:

 The Standard Model of particle interactions is based on 
renormalizable theories. The principle of renormalizability served as a 
guiding idea in construction of the SM 

 However,  the NR interactions are not totally obscure and allow for 
proper treatment that may lead to solving of these problems

 Quantum field theory is formulated for all types of interactions 
independently on renormalizability
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 The key ingredient is the R-operation that removes the UV divergences 
which equally works for NR theories as well as for the renormalizable ones



The foundation:

 Local Quantum Field Theory obeying the requirements of causality, unitarity 
and analyticity has a remarkable property:  after applying the R-operation all 
UV divergent structures are local in coordinate space or are at most 
polynomial in momentum space (Bogoliubov-Parasiuk theorem).

 This is true for any local QFT irrespectively of its renormalizability or non-
renormalizability

 All these statements lead to relations between the subsequent orders of 
PT resulting in the RG equations which aimed on the summation of infinite 
series of PT for the asymptotics of the Green functions, amplitudes, 
potential, etc
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d = 4� 2✏

The requirement of locality imposes relations to these divergent contributions relating 
them to the lower order ones



From Recurrence Relation to the RG Equation 

This is the generalized RG equation valid in any  (even non-renormalizable) theory!

• This is the general recurrence relation that reflects the locality of counterterms in any theory 
• In renormalizable theories A_n is a constant and this relation  is reduced to the algebraic one
• In non-renormalizable theories  for the scattering amplitudes A_n depends on kinematics and 

one has to integrate through the one-loop diagrams
• For the effective potential A_n depends on the fields and one has to differentiate

Taking  the sum one can transform the recurrence relation

into RG equation

X

n

An(�z)n = A(z)
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Recurrence Relations and RG Equation for the Scattering Amplitude
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 With the help of this equation one can find the asymptotic behaviour of 
the amplitude in the high energy regime 

Borlakov, Kazakov, 25



Numerical Solution of RG Equation for the Scattering Amplitude
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Amplitude

ATree
= A(E2, G logE2/µ2)
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GE2 logE2

NA - numerical solution

AA - geom progression
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Amp = ATreeA ⇠ 1

logE2

Asymptotic freedom !!
Just like in the SM

Borlakov, Kazakov, 25
<latexit sha1_base64="XCrP6eMMJi7kYBsXja6ssrUufOs=">AAACC3icbVDLSgMxFM34rPVVdekmtAgutMyUUt0UilJwWcE+oFNLJs20oZnMkNwRSunejb/ixoUibv0Bd/6NaTsLbT1w4eSce8m9x4sE12Db39bK6tr6xmZqK729s7u3nzk4bOgwVpTVaShC1fKIZoJLVgcOgrUixUjgCdb0htdTv/nAlOahvINRxDoB6Uvuc0rASN1MVpeL1fvCGXYxlOPyeQEnr6oLoculD6NuJmfn7RnwMnESkkMJat3Ml9sLaRwwCVQQrduOHUFnTBRwKtgk7caaRYQOSZ+1DZUkYLoznt0ywSdG6WE/VKYk4Jn6e2JMAq1HgWc6AwIDvehNxf+8dgz+ZWfMZRQDk3T+kR8LDCGeBoN7XDEKYmQIoYqbXTEdEEUomPjSJgRn8eRl0ijknVK+dFvMVa6SOFLoGGXRKXLQBaqgG1RDdUTRI3pGr+jNerJerHfrY966YiUzR+gPrM8fQjSYFA==</latexit>

s = 4E2, t = u = �2E2, E ! 1
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Effective Potential in Scalar Theory 

Is the sum of all vacuum 1PI diagrams

Shown are UV divergent vacuum diagrams in arbitrary scalar theory up to three loops 
<latexit sha1_base64="W9nUnsGiBnHtSaFuhUzy6AnnHgo=">AAACEHicbVDLSsNAFJ3UV62vqks3g0WsC0MiUt0Uim5cVrAPaNIwmU7SoZNJmJkIJfQT3Pgrblwo4talO//GaZuFVg9cOJxzL/fe4yeMSmVZX0ZhaXllda24XtrY3NreKe/utWWcCkxaOGax6PpIEkY5aSmqGOkmgqDIZ6Tjj66nfueeCEljfqfGCXEjFHIaUIyUlrzycdvLSBBM6qEj08jLeN2a9B3KAzWG1dPwpM9h2+Mm9MoVy7RmgH+JnZMKyNH0yp/OIMZpRLjCDEnZs61EuRkSimJGJiUnlSRBeIRC0tOUo4hIN5s9NIFHWhnAIBa6uIIz9edEhiIpx5GvOyOkhnLRm4r/eb1UBZduRnmSKsLxfFGQMqhiOE0HDqggWLGxJggLqm+FeIgEwkpnWNIh2Isv/yXtM9OumbXb80rjKo+jCA7AIagCG1yABrgBTdACGDyAJ/ACXo1H49l4M97nrQUjn9kHv2B8fAP+9Jvn</latexit>

Veff = g
1X

n=0

(�g)nVn.

<latexit sha1_base64="g/tw2rJzQumARuu0NefGKVA8/8I="></latexit>

L =
1

2
(@µ�)

2 � gV0(�)

<latexit sha1_base64="UTayeau2W9KX7dqJzNQb2bSuUoI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fip0x5kGIazQbniVt0FyDrxclKBHM1B+as/jFkaoTRMUK17npsYP6PKcCZwVuqnGhPKJnSEPUsljVD72eLcGbmwypCEsbIlDVmovycyGmk9jQLbGVEz1qveXPzP66UmvPEzLpPUoGTLRWEqiInJ/Hcy5AqZEVNLKFPc3krYmCrKjE2oZEPwVl9eJ+2rqler1h6uK43bPI4inME5XIIHdWjAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gByUI+p</latexit>

Veff

<latexit sha1_base64="pi4HLnd/zQHD8kM7w9p6sCyl1bA=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCShqMuiG5cV7AOaNEwmk3bo5OHMpFBCf8KNv+LGhSJuBXf+jZM2C209cLmHc+5l5h4vYVRIw/jWVlbX1jc2S1vl7Z3dvX394LAt4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7oJvc7Y8IFjaN7OUmIE6JBRAOKkVSSq5+PXatqJ0N6ZpOHlI6hHXCEM79vtV1jbkwzP+99a+rqFaNmzACXiVmQCijQdPUv249xGpJIYoaE6JlGIp0McUkxI9OynQqSIDxCA9JTNEIhEU42u2oKT5XiwyDmqiIJZ+rvjQyFQkxCT02GSA7FopeL/3m9VAZXTkajJJUkwvOHgpRBGcM8IuhTTrBkE0UQ5lT9FeIhUrFIFWRZhWAunrxM2lbNvKjV7+qVxnURRwkcgxNQBSa4BA1wC5qgBTB4BM/gFbxpT9qL9q59zEdXtGLnCPyB9vkDQZOeRw==</latexit>

v2(�) ⌘
d2V0(�)

d�2

<latexit sha1_base64="UdzNR2ls8Aa+DDRMA9zPaWv2fFE=">AAACAnicbVBNS8NAEN34WetX1ZN4WSyCp5pIUY9FLx4r2A9o2rLZTNqlm03c3RRKKF78K148KOLVX+HNf+O2zUFbHww83pthZp4Xc6a0bX9bS8srq2vruY385tb2zm5hb7+uokRSqNGIR7LpEQWcCahppjk0Ywkk9Dg0vMHNxG8MQSoWiXs9iqEdkp5gAaNEG6lbOBx2hQsPCRtivyNwvWuf+W7cZx3jFe2SPQVeJE5GiihDtVv4cv2IJiEITTlRquXYsW6nRGpGOYzzbqIgJnRAetAyVJAQVDudvjDGJ0bxcRBJU0Ljqfp7IiWhUqPQM50h0X01703E/7xWooOrdspEnGgQdLYoSDjWEZ7kgX0mgWo+MoRQycytmPaJJFSb1PImBGf+5UVSPy85F6XyXblYuc7iyKEjdIxOkYMuUQXdoiqqIYoe0TN6RW/Wk/VivVsfs9YlK5s5QH9gff4AYBGWyA==</latexit>

vn ⌘ dnV0/d�
n
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Recurrence relations for the leading poles for effective potential 

Action of R’-operation on divergent diagram

<latexit sha1_base64="pd6CG+fgXjPa9TrI/+SvifD5VxY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYJUY9ELx4xyiOBDZkdemHC7OxmZpaEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWju7nfGqPSPJZPZpKgH9GB5CFn1Fjpcdyr9Iolt+wuQNaJl5ESZKj3il/dfszSCKVhgmrd8dzE+FOqDGcCZ4VuqjGhbEQH2LFU0gi1P12cOiMXVumTMFa2pCEL9ffElEZaT6LAdkbUDPWqNxf/8zqpCW/8KZdJalCy5aIwFcTEZP436XOFzIiJJZQpbm8lbEgVZcamU7AheKsvr5NmpexdlasP1VLtNosjD2dwDpfgwTXU4B7q0AAGA3iGV3hzhPPivDsfy9ack82cwh84nz8NFo2o</latexit>v2

Kazakov, Iakhibbaev, Tolkachev  22

<latexit sha1_base64="CWS7H/QoiquzQjvTyKYF7mn59Ko=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCF0tSpHos2oPHCvYD2hA22227dLMJuxulxP4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3c2vrG5lZ+u7Czu7d/YBcPWypKJKFNEvFIdgKsKGeCNjXTnHZiSXEYcNoOxjczv/1ApWKRuNeTmHohHgo2YARrI/l2se5XenXKNUYtPxXn7tS3S07ZmQOtEjcjJcjQ8O2vXj8iSUiFJhwr1XWdWHsplpoRTqeFXqJojMkYD2nXUIFDqrx0fvoUnRqljwaRNCU0mqu/J1IcKjUJA9MZYj1Sy95M/M/rJnpw5aVMxImmgiwWDRKOdIRmOaA+k5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qqU3Wq5endRql1nceThGE7gDFy4hBrcQgOaQOARnuEV3qwn68V6tz4WrTkrmzmCP7A+fwDNF5MU</latexit>

D2�Vn�1
<latexit sha1_base64="gkLGMS5Y+xU8JgiapZ24Sfx62m0=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkpSpHos2oPHCvYD2hA220m7dLMJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3CxubW9k5xt7S3f3BYto+OOypOJYU2jXksewFRwJmAtmaaQy+RQKKAQzeY3M797iNIxWLxoKcJeBEZCRYySrSRfLvc9GuDJnBNcMfPJjPfrjhVZwG8TtycVFCOlm9/DYYxTSMQmnKiVN91Eu1lRGpGOcxKg1RBQuiEjKBvqCARKC9bHD7D50YZ4jCWpoTGC/X3REYipaZRYDojosdq1ZuL/3n9VIfXXsZEkmoQdLkoTDnWMZ6ngIdMAtV8agihkplbMR0TSag2WZVMCO7qy+ukU6u69Wr9/rLSuMnjKKJTdIYukIuuUAPdoRZqI4pS9Ixe0Zv1ZL1Y79bHsrVg5TMn6A+szx/lhJKf</latexit>

D2�Vk

<latexit sha1_base64="VUNzxGWt4O/MFpMfrRjnaqsk0FU="></latexit>

n�Vn =
1

2
v2D2�Vn�1 +

1

4

n�2X

k=1

D2�VkD2�Vn�1�k, n � 2
<latexit sha1_base64="UqbzI+XeCyAP3QWBxBIqHDyHvtU=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQPIXdEKIXIagHjxHMA7LrMjuZTYbMPpjpDYQQvPgrXjwo4tWv8ObfOEn2oIkFDUVVN91dfiK4Asv6NnIrq2vrG/nNwtb2zu6euX/QVHEqKWvQWMSy7RPFBI9YAzgI1k4kI6EvWMsfXE/91pBJxePoHkYJc0PSi3jAKQEteeaRc8MEENz07EsnkIRiu4KHXvmh7JlFq2TNgJeJnZEiylD3zC+nG9M0ZBFQQZTq2FYC7phI4FSwScFJFUsIHZAe62gakZApdzx7YYJPtdLFQSx1RYBn6u+JMQmVGoW+7gwJ9NWiNxX/8zopBBfumEdJCiyi80VBKjDEeJoH7nLJKIiRJoRKrm/FtE90EKBTK+gQ7MWXl0mzXLKrpepdpVi7yuLIo2N0gs6Qjc5RDd2iOmogih7RM3pFb8aT8WK8Gx/z1pyRzRyiPzA+fwBB65Vt</latexit>

�V1 =
1

4
v22

<latexit sha1_base64="WRRCK7SFo6kDgoi2wdsBtER2ncw="></latexit>

n�Vn =
1

4

n�1X

k=0

D2�VkD2�Vn�1�k, n � 1, �V0 = V0

<latexit sha1_base64="029B6SPRgNh97hzdtxhVTo7wUvM=">AAACAXicbZDLSsNAFIYn9VbjLepGcDNYBDeWpIvajVhU0GUFe4Emhslk0g6dXJiZiCXUja/ixoUibn0K3bnyVZxeFtr6w8DHf87hzPm9hFEhTfNLy83NLywu5Zf1ldW19Q1jc6sh4pRjUscxi3nLQ4IwGpG6pJKRVsIJCj1Gml7vbFhv3hIuaBxdy35CnBB1IhpQjKSyXGNHP3dLx3bAEc78m9Ig8+2kSxW4RsEsmiPBWbAmUKiefH/cHVYuaq7xafsxTkMSScyQEG3LTKSTIS4pZmSg26kgCcI91CFthREKiXCy0QUDuK8cHwYxVy+ScOT+nshQKEQ/9FRniGRXTNeG5n+1diqDipPRKEklifB4UZAyKGM4jAP6lBMsWV8Bwpyqv0LcRSoNqULTVQjW9Mmz0CgVrXKxfKXSOAVj5cEu2AMHwAJHoAouQQ3UAQb34BE8gxftQXvSXrW3cWtOm8xsgz/S3n8Aw6SZfg==</latexit>

D2 =
d2

d�2

+
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RG pole equation for arbitrary potential

<latexit sha1_base64="U7Qnadr7OidgHwQr+mhlhECiEtc=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5akFHUjFHXhsqJthSaWyWTSDp08mJkINeQr3Pgrblwo4lbc+TdO0yy09cCFwzn3cu89TsSokIbxrRUWFpeWV4qrpbX1jc0tfXunI8KYY9LGIQv5rYMEYTQgbUklI7cRJ8h3GOk6o/OJ370nXNAwuJHjiNg+GgTUoxhJJfX1KrQ8jnDiQuuaDnyUJu5DelrNRGg2YOWiX8+tw7t6Xy8bNSMDnCdmTsogR6uvf1luiGOfBBIzJETPNCJpJ4hLihlJS1YsSITwCA1IT9EA+UTYSfZWCg+U4kIv5KoCCTP190SCfCHGvqM6fSSHYtabiP95vVh6J3ZCgyiWJMDTRV7MoAzhJCPoUk6wZGNFEOZU3QrxEKlEpEqypEIwZ1+eJ516zTyqNa4a5eZZHkcR7IF9UAEmOAZNcAlaoA0weATP4BW8aU/ai/aufUxbC1o+swv+QPv8AfVPnVc=</latexit>

d⌃

dz
= �1

4
(D2⌃)

2
<latexit sha1_base64="TlI+IrcgDqBHZ7X1UdtnJ4YWKLU=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYhApSZqSoG6HoxmVFe4HOMGTSTBuaZIYkI5ShbnwVNy4UcetbuPNtTKddaPWHwMd/zuHk/GHCqNKO82UVFhaXlleKq6W19Y3NLXt7p6XiVGLSxDGLZSdEijAqSFNTzUgnkQTxkJF2OLya1Nv3RCoaizs9SojPUV/QiGKkjRXYe94t7XNUcY69ZECPLlqBU8kpsMtO1ckF/4I7gzKYqRHYn14vxiknQmOGlOq6TqL9DElNMSPjkpcqkiA8RH3SNSgQJ8rP8gvG8NA4PRjF0jyhYe7+nMgQV2rEQ9PJkR6o+drE/K/WTXV07mdUJKkmAk8XRSmDOoaTOGCPSoI1GxlAWFLzV4gHSCKsTWglE4I7f/JfaJ1U3dNq7aZWrl/O4iiCfXAAKsAFZ6AOrkEDNAEGD+AJvIBX69F6tt6s92lrwZrN7IJfsj6+AfK+lUs=</latexit>

⌃(0,�) = V0(�)

<latexit sha1_base64="4aRIF6EAeZG4Dx+j6EuxgGvGBHU="></latexit>

Veff (g,�) = g⌃(z,�)|z!� g

16⇡2 log gv2/µ2 .

<latexit sha1_base64="cDE1ZcWl67SsW3i6SCfEAtAbEkE=">AAAB+nicbVBNS8NAEN3Ur1q/Wj16WSyCp5JIUS9C0YvHCvYDmlA220m7dLMJuxulxv4ULx4U8eov8ea/cdPmoK0PBh7vzTAzz485U9q2v63Cyura+kZxs7S1vbO7V67st1WUSAotGvFIdn2igDMBLc00h24sgYQ+h44/vs78zj1IxSJxpycxeCEZChYwSrSR+uXK46UbSELx0IVYMZ5pVbtmz4CXiZOTKsrR7Je/3EFEkxCEppwo1XPsWHspkZpRDtOSmyiICR2TIfQMFSQE5aWz06f42CgDHETSlNB4pv6eSEmo1CT0TWdI9Egtepn4n9dLdHDhpUzEiQZB54uChGMd4SwHPGASqOYTQwiVzNyK6YiYJLRJq2RCcBZfXibt05pzVqvf1quNqzyOIjpER+gEOegcNdANaqIWougBPaNX9GY9WS/Wu/Uxby1Y+cwB+gPr8wcZ35Pq</latexit>

z =
g

✏

RG pole equation

Effective potential

<latexit sha1_base64="pi4HLnd/zQHD8kM7w9p6sCyl1bA=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCShqMuiG5cV7AOaNEwmk3bo5OHMpFBCf8KNv+LGhSJuBXf+jZM2C209cLmHc+5l5h4vYVRIw/jWVlbX1jc2S1vl7Z3dvX394LAt4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7oJvc7Y8IFjaN7OUmIE6JBRAOKkVSSq5+PXatqJ0N6ZpOHlI6hHXCEM79vtV1jbkwzP+99a+rqFaNmzACXiVmQCijQdPUv249xGpJIYoaE6JlGIp0McUkxI9OynQqSIDxCA9JTNEIhEU42u2oKT5XiwyDmqiIJZ+rvjQyFQkxCT02GSA7FopeL/3m9VAZXTkajJJUkwvOHgpRBGcM8IuhTTrBkE0UQ5lT9FeIhUrFIFWRZhWAunrxM2lbNvKjV7+qVxnURRwkcgxNQBSa4BA1wC5qgBTB4BM/gFbxpT9qL9q59zEdXtGLnCPyB9vkDQZOeRw==</latexit>

v2(�) ⌘
d2V0(�)

d�2

This a non-linear partial differential equation!

Kazakov, Iakhibbaev, Tolkachev  22

JHEP  v 2304 (2023) 128 

<latexit sha1_base64="WnQvzt0/VDJacQ/3ZqVJOExfIJM="></latexit>

⌃(z,�) =
1X

n=0

(�z)n�Vn(�)



-attractor Inflaton Potential 

<latexit sha1_base64="3dYh2rtAWgOkZVoa/jLD6VRngio="></latexit>

S =

Z
d4x

p
�g

"
M2

Pl

2
R(g) +

1

2

@µ�@µ�

1� �2

6↵

� V (�)

#

<latexit sha1_base64="p8p/9/HKwyplcn5S2Nz+A1DJNK8="></latexit>

� =
p
6↵ tanh

✓
'p
6↵

◆

<latexit sha1_base64="S1rZDw2Y930ZhZKvs4hTBTm3Db4="></latexit>

S =

Z
d4x

p
�g


M2

Pl

2
R(g) +

1

2
@µ'@

µ'� V

✓p
6↵ tanh

✓
'p
6↵

◆◆�
.

<latexit sha1_base64="Nx6LabHAQXxWKpISCjOs4JRgy+I="></latexit>

gVT (') = g tanhn
✓

'p
6↵MPl

◆

<latexit sha1_base64="LN/IUMhRUIYtffon8f17KWClfJg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUCbbTbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QtSUM0GbhhlOO4miGIectsPx7cxvP1GlmRQPZpLQIMahYBEjaKzU6iFPRtgvV7yqN4e7SvycVCBHo1/+6g0kSWMqDOGoddf3EhNkqAwjnE5LvVTTBMkYh7RrqcCY6iCbXzt1z6wycCOpbAnjztXfExnGWk/i0HbGaEZ62ZuJ/3nd1ETXQcZEkhoqyGJRlHLXSHf2ujtgihLDJ5YgUcze6pIRKiTGBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJBB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AI8TjyM=</latexit>↵

Inflaton action with hyperbolic geometry

<latexit sha1_base64="Wz32X9J/ZbLY9GZ3/cr9SSV9bwk=">AAACKHicbVDLSgMxFM34rPVVdekmWAQ31hmR6kYsunFZwdpCp5Y7acYJzczEJCOUYT7Hjb/iRkSRbv0SM3UEXwcCJ+fce5N7PMGZ0rY9tqamZ2bn5ksL5cWl5ZXVytr6lYoTSWiLxDyWHQ8U5SyiLc00px0hKYQep21veJb77TsqFYujSz0StBfCTcR8RkAbqV85cQVIzYBjVwRsz1W3UqfOrutLIGkuXe9n5l53gYsAsuz4q969A2nsfqVq1+wJ8F/iFKSKCjT7lWd3EJMkpJEmHJTqOrbQvTQfSjjNym6iqAAyhBvaNTSCkKpeOlk0w9tGGWA/luZEGk/U7x0phEqNQs9UhqAD9dvLxf+8bqL9o17KIpFoGpHPh/yEYx3jPDU8YJISzUeGAJHM/BWTAExG2mRbNiE4v1f+S672a069Vr84qDZOizhKaBNtoR3koEPUQOeoiVqIoHv0iF7Qq/VgPVlv1vizdMoqejbQD1jvHzFup1Q=</latexit>

@�/

r
1� �2

1� 6↵
= @'

Transition to the standard kinetic term

Inflaton action of       -attractor model

<latexit sha1_base64="LN/IUMhRUIYtffon8f17KWClfJg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUCbbTbt2sxt2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0jJVhDaJ5FJ1QtSUM0GbhhlOO4miGIectsPx7cxvP1GlmRQPZpLQIMahYBEjaKzU6iFPRtgvV7yqN4e7SvycVCBHo1/+6g0kSWMqDOGoddf3EhNkqAwjnE5LvVTTBMkYh7RrqcCY6iCbXzt1z6wycCOpbAnjztXfExnGWk/i0HbGaEZ62ZuJ/3nd1ETXQcZEkhoqyGJRlHLXSHf2ujtgihLDJ5YgUcze6pIRKiTGBlSyIfjLL6+S1kXVr1Vr95eV+k0eRxFO4BTOwYcrqMMdNKAJBB7hGV7hzZHOi/PufCxaC04+cwx/4Hz+AI8TjyM=</latexit>↵

T- model

n=2         
<latexit sha1_base64="P5uTVhnDiNW6LSz/zb4pEApYqlI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DXjxGzAuSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByN/fbT6g0j2TDTGP0QzqSfMgZNVZ6bPQr/WLJLbsLkHXiZaQEGer94ldvELEkRGmYoFp3PTc2fkqV4UzgrNBLNMaUTegIu5ZKGqL208WpM3JhlQEZRsqWNGSh/p5Iaaj1NAxsZ0jNWK96c/E/r5uY4Y2fchknBiVbLhomgpiIzP8mA66QGTG1hDLF7a2EjamizNh0CjYEb/XlddKqlL1qufpwVardZnHk4QzO4RI8uIYa3EMdmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wfZ342I</latexit>

T2 - model

Kallosh, Linde 13
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mon
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13

Numerical Solution for  - model 
<latexit sha1_base64="P5uTVhnDiNW6LSz/zb4pEApYqlI=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiR6DXjxGzAuSJcxOOsmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprsriAXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHqBFSj4BKbhhuBnVghDQOB7WByN/fbT6g0j2TDTGP0QzqSfMgZNVZ6bPQr/WLJLbsLkHXiZaQEGer94ldvELEkRGmYoFp3PTc2fkqV4UzgrNBLNMaUTegIu5ZKGqL208WpM3JhlQEZRsqWNGSh/p5Iaaj1NAxsZ0jNWK96c/E/r5uY4Y2fchknBiVbLhomgpiIzP8mA66QGTG1hDLF7a2EjamizNh0CjYEb/XlddKqlL1qufpwVardZnHk4QzO4RI8uIYa3EMdmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wfZ342I</latexit>

T2

• Peak at the origin 
• Additional minima

<latexit sha1_base64="4aRIF6EAeZG4Dx+j6EuxgGvGBHU="></latexit>

Veff (g,�) = g⌃(z,�)|z!� g

16⇡2 log gv2/µ2 .
<latexit sha1_base64="pi4HLnd/zQHD8kM7w9p6sCyl1bA=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgVpCShqMuiG5cV7AOaNEwmk3bo5OHMpFBCf8KNv+LGhSJuBXf+jZM2C209cLmHc+5l5h4vYVRIw/jWVlbX1jc2S1vl7Z3dvX394LAt4pRj0sIxi3nXQ4IwGpGWpJKRbsIJCj1GOt7oJvc7Y8IFjaN7OUmIE6JBRAOKkVSSq5+PXatqJ0N6ZpOHlI6hHXCEM79vtV1jbkwzP+99a+rqFaNmzACXiVmQCijQdPUv249xGpJIYoaE6JlGIp0McUkxI9OynQqSIDxCA9JTNEIhEU42u2oKT5XiwyDmqiIJZ+rvjQyFQkxCT02GSA7FopeL/3m9VAZXTkajJJUkwvOHgpRBGcM8IuhTTrBkE0UQ5lT9FeIhUrFIFWRZhWAunrxM2lbNvKjV7+qVxnURRwkcgxNQBSa4BA1wC5qgBTB4BM/gFbxpT9qL9q59zEdXtGLnCPyB9vkDQZOeRw==</latexit>

v2(�) ⌘
d2V0(�)

d�2

<latexit sha1_base64="GUvJPMVDBMQx1FTeznoSAQWSxMI=">AAAB+XicbVBNSwMxEJ2tX7V+rXr0EiyCp7IrRb0IRS8eK9gPaGvJptk2NMkuSbZQlv0nXjwo4tV/4s1/Y9ruQVsfDDzem2FmXhBzpo3nfTuFtfWNza3idmlnd2//wD08auooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjO9mfmtClWaRfDTTmPYEHkoWMoKNlfqu2w0VJukwS8VTNbvxvb5b9ireHGiV+DkpQ4563/3qDiKSCCoN4Vjrju/FppdiZRjhNCt1E01jTMZ4SDuWSiyo7qXzyzN0ZpUBCiNlSxo0V39PpFhoPRWB7RTYjPSyNxP/8zqJCa97KZNxYqgki0VhwpGJ0CwGNGCKEsOnlmCimL0VkRG2URgbVsmG4C+/vEqaFxX/slJ9qJZrt3kcRTiBUzgHH66gBvdQhwYQmMAzvMKbkzovzrvzsWgtOPnMMfyB8/kDAESTQA==</latexit> g

m4
= 10

<latexit sha1_base64="6B3x0kZkNOswRsBdXPlSqEklkAY=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9iV+LgIQS8eI5gHJGuYncwmgzOzy8xsICz5Ey8eFPHqn3jzb5wke9DEgoaiqpvurjDhTBvP+3YKK6tr6xvFzdLW9s7unrt/0NRxqghtkJjHqh1iTTmTtGGY4bSdKIpFyGkrfLqd+q0RVZrF8sGMExoIPJAsYgQbK/VctxspTLLBJBOP1cn1uddzy17FmwEtEz8nZchR77lf3X5MUkGlIRxr3fG9xAQZVoYRTielbqppgskTHtCOpRILqoNsdvkEnVilj6JY2ZIGzdTfExkWWo9FaDsFNkO96E3F/7xOaqKrIGMySQ2VZL4oSjkyMZrGgPpMUWL42BJMFLO3IjLENgpjwyrZEPzFl5dJ86ziX1Sq99Vy7SaPowhHcAyn4MMl1OAO6tAAAiN4hld4czLnxXl3PuatBSefOYQ/cD5/AAZYk0Q=</latexit> g

m4
= 50

One-loop
One-loop

RG summed

RG summed

<latexit sha1_base64="gnpEn7C1V2SRXTZapKHE+lyBiIw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDc1KUXdCEU3LivYBzQxTKaTZOhkEmYmQgnd+CtuXCji1s9w5984bbPQ6oELh3Pu5d57/JRRqSzryygtLa+srpXXKxubW9s75u5eVyaZwKSDE5aIvo8kYZSTjqKKkX4qCIp9Rnr+6Hrq9x6IkDThd2qcEjdGIacBxUhpyTMPQtj1rMsQOgrx6L5Rc9KInsYnnlm16tYM8C+xC1IFBdqe+ekME5zFhCvMkJQD20qVmyOhKGZkUnEySVKERygkA005iol089kDE3islSEMEqGLKzhTf07kKJZyHPu6M0YqkoveVPzPG2QquHBzytNMEY7ni4KMQZXAaRpwSAXBio01QVhQfSvEERIIK51ZRYdgL778l3Qbdfus3rxtVltXRRxlcAiOQA3Y4By0wA1ogw7AYAKewAt4NR6NZ+PNeJ+3loxiZh/8gvHxDUAxlOs=</latexit>

gV0 = g tanh2(�/m)

Kazakov, Iakhibbaev, Tolkachev  23

ArXiv:  2308.03872
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Lift of the Potential at the Minima - Origin of the Cosmological Constant

Comparison of the classical T2-model 
potential (blue dashed line), the one-
loop correction (orange dashed line), 
and the RG summed potential (black 
solid line) for 

<latexit sha1_base64="yq4Jf7lm2CD/jfgzaL+SmQCWnrA=">AAAB/nicbVBNS8NAEJ34WetXVDx5WSyCBymJSPXgoejFg0IF+wFNCJvttl26m4TdjVBCwb/ixYMiXv0d3vw3btsctPXBwOO9GWbmhQlnSjvOt7WwuLS8slpYK65vbG5t2zu7DRWnktA6iXksWyFWlLOI1jXTnLYSSbEIOW2Gg+ux33ykUrE4etDDhPoC9yLWZQRrIwX2fs9TTCD3BHkiRZfoLshqt6PALjllZwI0T9yclCBHLbC/vE5MUkEjTThWqu06ifYzLDUjnI6KXqpogskA92jb0AgLqvxscv4IHRmlg7qxNBVpNFF/T2RYKDUUoekUWPfVrDcW//Paqe5e+BmLklTTiEwXdVOOdIzGWaAOk5RoPjQEE8nMrYj0scREm8SKJgR39uV50jgtu5Vy5f6sVL3K4yjAARzCMbhwDlW4gRrUgUAGz/AKb9aT9WK9Wx/T1gUrn9mDP7A+fwDhj5Qr</latexit>

g ⇠ 1, µ < MPL

T2-model potential: variation of   .  
The classical potential (blue dashed 
line), the RG summed potential (solid 
lines) for                           

<latexit sha1_base64="oZBV4eOBJ+uIX/fyi9Xt61PsQh4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmgckS5idzCZD5rHMzAphySd48aCIV7/Im3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LRThIaCjyULGYEWyc99ETaL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7qFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmf6MB05RYPnEEE83crYiMsMbEunRKLoRg+eVV0rqoBrVq7f6yUr/J4yjCCZzCOQRwBXW4gwY0gcAQnuEV3jzuvXjv3seiteDlM8fwB97nD2DwjeE=</latexit>µ

<latexit sha1_base64="s2A0ONTv3zMm6Bb7BSQ9vjYtauU=">AAAB9HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVF0MZGiGA+IDnC3mYvWbK7d9ndC4Qjv8PGQhFbf4yd/8ZNcoUmPhh4vDfDzLwg5kwb1/12cmvrG5tb+e3Czu7e/kHx8Kiho0QRWicRj1QrwJpyJmndMMNpK1YUi4DTZjC8m/nNMVWaRfLJTGLqC9yXLGQEGyv5HZGgG/TQTWt8irrFklt250CrxMtICTLUusWvTi8iiaDSEI61bntubPwUK8MIp9NCJ9E0xmSI+7RtqcSCaj+dHz1FZ1bpoTBStqRBc/X3RIqF1hMR2E6BzUAvezPxP6+dmPDaT5mME0MlWSwKE45MhGYJoB5TlBg+sQQTxeytiAywwsTYnAo2BG/55VXSuCh7lXLl8bJUvc3iyMMJnMI5eHAFVbiHGtSBwAie4RXenLHz4rw7H4vWnJPNHMMfOJ8/cMqRQQ==</latexit>

µ < MPl
<latexit sha1_base64="zLAT5gT+/p1k2ar+LdlTJbUsg08=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIVJdFN26ECvYBTQiT6aQdOjMJ8xBq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feE2eMKu15305pbX1jc6u8XdnZ3duvugeHHZUaiUkbpyyVvRgpwqggbU01I71MEsRjRrrx+Gbmdx+JVDQVD3qSkZCjoaAJxUhbKXKrATcwYAzeRXmLTWHk1ry6NwdcJX5BaqBAK3K/gkGKDSdCY4aU6vtepsMcSU0xI9NKYBTJEB6jIelbKhAnKsznh0/hqVUGMEmlLaHhXP09kSOu1ITHtpMjPVLL3kz8z+sbnVyFORWZ0UTgxaLEMKhTOEsBDqgkWLOJJQhLam+FeIQkwtpmVbEh+Msvr5LOed1v1Bv3F7XmdRFHGRyDE3AGfHAJmuAWtEAbYGDAM3gFb86T8+K8Ox+L1pJTzByBP3A+fwC2F5J+</latexit>

µ ⌧ MPl
<latexit sha1_base64="IYM3wPbe6IRONZFq7+2+YGtZKZg=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRE8S9OJFiGAekF3C7GSSDJmZXeYhhCW/4cWDIl79GW/+jZNkDxotaCiquunuilPOtPH9L6+wsrq2vlHcLG1t7+zulfcPWjqxitAmSXiiOjHWlDNJm4YZTjupoljEnLbj8c3Mbz9SpVkiH8wkpZHAQ8kGjGDjpDAUFl2hu17W4NNeueJX/TnQXxLkpAI5Gr3yZ9hPiBVUGsKx1t3AT02UYWUY4XRaCq2mKSZjPKRdRyUWVEfZ/OYpOnFKHw0S5UoaNFd/TmRYaD0RsesU2Iz0sjcT//O61gwuo4zJ1BoqyWLRwHJkEjQLAPWZosTwiSOYKOZuRWSEFSbGxVRyIQTLL/8lrbNqUKvW7s8r9es8jiIcwTGcQgAXUIdbaEATCKTwBC/w6lnv2Xvz3hetBS+fOYRf8D6+ARpMkRk=</latexit>

µ > MPl

black line,     red line,       green line
<latexit sha1_base64="e5oQForNCOz4CHhRAwXF/w4ZtWk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5SkSPVSKHrxWMF+QBPKZrtpl242YXdTKKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLG5tb1T3C3t7R8cHtnHJ20Vp5LQFol5LLsBVpQzQVuaaU67iaQ4CjjtBOP7ud+ZUKlYLJ70NKF+hIeChYxgbaS+bQ/r1SvkIQ/zZIRR3e3bZafiLIDWiZuTMuRo9u0vbxCTNKJCE46V6rlOov0MS80Ip7OSlyqaYDLGQ9ozVOCIKj9bXD5DF0YZoDCWpoRGC/X3RIYjpaZRYDojrEdq1ZuL/3m9VIe3fsZEkmoqyHJRmHKkYzSPAQ2YpETzqSGYSGZuRWSEJSbahFUyIbirL6+TdrXi1iq1x+ty4y6PowhncA6X4MINNOABmtACAhN4hld4szLrxXq3PpatBSufOYU/sD5/AN88keQ=</latexit>

g = 2, ↵ = 1

Kazakov, Iakhibbaev, Tolkachev, Filippov  24,25

ArXiv:  2405.18818



Action for scalar theory of cosmological inflation:

where

Slow roll parameters:

where

The CMB tilt of scalar perturbations The number of e-folds

the tensor-to-scalar ratio

Cosmological implications

Karčiauskas, Díaz’ 22



Comparison with observed data

Fig.11 Example of the cosmological observables ("!, $) for different resummed scalar potentials
for various & and ξ-coupling values in the (" =50 (left point) and 60 (right point) e-foldings.

•Within the models under consideration, parameters were selected to successfully match the PLANCK 2018 and ACT 2025 data 

Iakhibbaev, Tolkachev, Filippov  25
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Resume

 The property of locality of Quantum Field Theory equally applicable to 
renormalizable and non-renormalizable interactions states that the UV 
divergences are local and can be removed by local counter terms 

 Based on locality of the counter terms due to the Bogoliubov-Parasiuk  
theorem one can construct the recurrence relations for the leading, 
subleasing, etc divergences in all loops divergences starting from one-, 
two-, three-, etc loop diagrams

 The recurrence relations can be converted into the generalized RG 
equations just like in renormalizable theories

 The RG equations allow one to sum up the leading (subleading, etc) 
divergences in all loops and define the high-energy/field  behaviour


