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Motivation:

• The Standard Model is renormalizable
• Gravity is not renormalizable

Non-renormalizable theories are not accepted due to:

• UV divergences are not under control - infinite number of new types of  divergences
• The amplitudes increase with energy (in PT) and violate unitarity

However:

• 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, effective potential, etc  which sum up the leading 
divergences (logarithms)  and to find out the high energy/field behaviour 
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Renormalization

BPHZ  R-operation

Bogolyubov-Parasiuk Theorem:   In any local quantum field theory to get the UV 
finite S-matrix one has to introduce local counter terms to the Lagrangian in each 
order of perturbation theory - R-operation

In renormalizable case this is equivalent to the operation of multiplication by a 
renormalization constant Z 

L ) L+�L

Z ! Ẑ

Ẑ is a function (polynomial) of momenta (s,t,u for the 4-point case)  and/or  the fields

Kazakov,18

In non-renormalizable case the BP theorem is still valid and the counter terms are 
also local (at maximum are polynomial over momenta)

• Multiplication operation is replaced by acting of an operator  
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terms appear after subtraction of (n-k) loop counter terms  
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Statement: R0Gn is local, i.e. terms like logk µ2/✏m should cancel for any k and m

Consequence:

The leading divergences are governed by 1 loop diagrams!

=
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Locality:



Two loop example
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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 in Scattering Amplitudes 

Quartic vertices

Cubic vertices
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The Recurrence Relation for the Scattering Amplitude 

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

n�2X

k=1

n A_n = - 2 A_n-1 - A_k A_n-1-k

• 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

Taking  the sum one can transform the recurrence relation

into integro-diff equation

X

n

An(�z)n = A(z)

Kazakov,20
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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  
• Supersymmetric Wess-Zumino model with quartic superpotential  

in D=4            
• Four-fermion interaction in D=4

Examples:
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These are the toy models for (super) gravity - our aim



SYM_D
S-channel

D=6 N=2
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Exact all-loop recurrence relation
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S-channel T-channel

Bork,Kazakov,Kompaneets,Vlasenko, 13

Borlakov,,Kazakov,Tolkachev,Vlasenko, 15

Exact all-loop recurrence relation



D=6 N=2
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⌃(s, t, z) = z�2
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RG Equation

SYM_D

Linear equation

Non-linear equation
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�4(s, t, u) = �(1 + �s(s, t, u) + �t(s, t, u) + �u(s, t, u))

[�] = 2�D/2

PT expansion (only s-channel is shown)

2->2 scattering amplitude on shell  m = 0 s+ t+ u = 0

�s =
1X

n=1

(�z)nSn, �t =
1X

n=1

(�z)nTn, �u =
1X

n=1

(�z)nUn, z ⌘ �

✏PT:

The Scalar theory example

Kazakov,19



R' = - - -
k = 1

n - 2

n- loop (n-1)- loop k- loop (n-k-1)- loop(n-1)- loop

- ... terms with higher loop remaining diagrams

k- loop
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Recurrence Relations for the Leading Poles
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Summing up the recurrence relation 
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YM_D Both cubic and quartic vertices

Equation is more complicated but has the same main features
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Wess-Zumino modern in D=4
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C = CS + CT + CU, M +MS +MT +MU

RG Equations



Solution of RG Equations -  Genaral Case
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In the r.h.s. one has a second degree polynomial:

• Two real roots - solution is an exponent (decreasing or increasing depending on a 
theory and kinematics)                                                                           SYM_6

• Degenerate real root - solution with a pole at low (Asymptotic Freedom) or high 

(Zero Charge) energies depending on a kinematics                                          

• Two complex roots  - solution with infinite number of periodic poles in both 
directions                                                                                                  SYM_8
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D=8 N=1
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Borlakov,Kazakov,Tolkachev,Vlasenko, 16

Solution of RG equation

Horizontal ladder

Diff equation

In general case - numerical solution similar to the ladder approximation 
possessing infinite number of poles in both directions

infinite number of poles 
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Effective Potential in Scalar Theory 

<latexit sha1_base64="v8dq1BdTCaMMFQQpE01xqf3/QSY="></latexit>

Z(J) =

Z
D� exp

✓
i

Z
d4x L(�, d�) + J�

◆

<latexit sha1_base64="jhzQR1Vh2RymvzMyNVT6n1u3zPI=">AAAB+XicbZDLSsNAFIZP6q3WW9Slm8Ei1IUlkaJuhKIbcVXBXrANZTKdtEMnmTAzKZTQN3HjQhG3vok738Zpm4W2/jDw8Z9zOGd+P+ZMacf5tnIrq2vrG/nNwtb2zu6evX/QUCKRhNaJ4EK2fKwoZxGta6Y5bcWS4tDntOkPb6f15ohKxUT0qMcx9ULcj1jACNbG6tp2s3R/en3GOlz00ZPhrl10ys5MaBncDIqQqda1vzo9QZKQRppwrFTbdWLtpVhqRjidFDqJojEmQ9ynbYMRDqny0tnlE3RinB4KhDQv0mjm/p5IcajUOPRNZ4j1QC3WpuZ/tXaigysvZVGcaBqR+aIg4UgLNI0B9ZikRPOxAUwkM7ciMsASE23CKpgQ3MUvL0PjvOxelCsPlWL1JosjD0dwDCVw4RKqcAc1qAOBETzDK7xZqfVivVsf89aclc0cwh9Znz+9UpHM</latexit>

W (J) = �i logZ(J)

<latexit sha1_base64="hDPm/+AN02K4+FDDcATUlC+lM/s=">AAACEXicbVDLTgIxFO3gC/GFunTTSEyGhWTGEHVjQnShYYWJPBIGSad0oKHtTNqOgRB+wY2/4saFxrh1586/scAsFDxJ05Nz7s299/gRo0o7zreVWlpeWV1Lr2c2Nre2d7K7ezUVxhKTKg5ZKBs+UoRRQaqaakYakSSI+4zU/f7VxK8/EKloKO70MCItjrqCBhQjbaR21vauEefI9qIezV/Aul3OH3tUaNi5Lw5g2R7kJ4752tmcU3CmgIvETUgOJKi0s19eJ8QxJ0JjhpRquk6kWyMkNcWMjDNerEiEcB91SdNQgThRrdH0ojE8MkoHBqE0zywzVX93jBBXash9U8mR7ql5byL+5zVjHZy3RlREsSYCzwYFMYM6hJN4YIdKgjUbGoKwpGZXiHtIIqxNiBkTgjt/8iKpnRTc00LxtpgrXSZxpMEBOAQ2cMEZKIEbUAFVgMEjeAav4M16sl6sd+tjVpqykp598AfW5w8u5Jq7</latexit>

�(�) = W (J)�
Z

d4xJ(x)�(x)

Generating functional for Green functions

IPI generating functional

Legendre transformation

Effective action

Shifted Classical action

Field dependent mass Interaction vertexClassical external field

<latexit sha1_base64="NA6MYM1NeKKN04WE5OUKdQPEwYc="></latexit>

ei�(�) =

Z
D�̂ei(S[�+�̂]��̂S0[�])

<latexit sha1_base64="Gu9BWCZTehFWqzearc71UTIfiR4="></latexit>

S[�+ �̂] = S[�] + �̂S0[�] +
1

2
�̂2S00[�] +

1

3!
�̂3S000[�] + ...
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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

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
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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(�)
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<latexit sha1_base64="u63eiTccd3DGU7RiNmnBwXGvx40=">AAACBnicbVDLSsNAFJ34rPUVdSnCaBHqpiRS1I1QdOOygn1AE8NkOmmHTpJhZiKUkJUbf8WNC0Xc+g3u/BsnbRbaeuDCmXPuZe49PmdUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNEYNLCMYtF10eSMBqRlqKKkS4XBIU+Ix1/dJ37nQciJI2jOzXmxA3RIKIBxUhpyTMPBm3Pqjp8SE8uB04gEE7zxz3PUn6YeWbFqlkTwHliF6QCCjQ988vpxzgJSaQwQ1L2bIsrN0VCUcxIVnYSSTjCIzQgPU0jFBLpppMzMnislT4MYqErUnCi/p5IUSjlOPR1Z4jUUM56ufif10tUcOGmNOKJIhGefhQkDKoY5pnAPhUEKzbWBGFB9a4QD5HOQunkyjoEe/bkedI+rdlntfptvdK4KuIogX1wBKrABuegAW5AE7QABo/gGbyCN+PJeDHejY9p64JRzOyBPzA+fwCWTpiY</latexit>

gV0(�) = g
�p

p!

<latexit sha1_base64="r30TcGYA6JhEkCjDxhWafy6affU="></latexit>

⌃(z,�) =
�p

p!
f(z�p�4)

<latexit sha1_base64="Sd0YdBalEnD2X4gqIpxcHiKDKgo="></latexit>

f 0(y) = � 1

4p!

⇥
p(p� 1)f(y) + (p� 4)(3p� 5)yf 0(y) + (p� 4)2y2f 00(y)

⇤2

<latexit sha1_base64="YOGmNhXtGnK8JoGDwwgdDa1WmkE=">AAACGnicbZDLSgMxFIYz9VbrbdSlm2gRW9AyKUXdCEU3LivYC7RDyaSZNjRzIckIZZjncOOruHGhiDtx49uYaWehrQdCPv7/HJLzOyFnUlnWt5FbWl5ZXcuvFzY2t7Z3zN29lgwiQWiTBDwQHQdLyplPm4opTjuhoNhzOG0745vUbz9QIVng36tJSG0PD33mMoKVlvomgm7JKl+hU+iepHDWcwUmMUriWgJnHJbCM1ROYn1Vy4dJ3yxaFWtacBFQBkWQVaNvfvYGAYk86ivCsZRdZIXKjrFQjHCaFHqRpCEmYzykXY0+9qi04+lqCTzWygC6gdDHV3Cq/p6IsSflxHN0p4fVSM57qfif142Ue2nHzA8jRX0ye8iNOFQBTHOCAyYoUXyiARPB9F8hGWGdh9JpFnQIaH7lRWhVK+i8UrurFevXWRx5cACOQAkgcAHq4BY0QBMQ8AiewSt4M56MF+Pd+Ji15oxsZh/8KePrB64unPw=</latexit>

f(0) = 1, f 0(0) = �1

4

p(p� 1)

(p� 2)!

<latexit sha1_base64="sxOByKs/aNUqdoQrrgRF4+RzGBQ=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1jEurAktagboejGZQX7gDaWyXTSDp1MwsxECCG48VfcuFDErV/hzr9x2mahrQcuHM65l3vvcUNGpbKsbyO3sLi0vJJfLaytb2xumds7TRlEApMGDlgg2i6ShFFOGooqRtqhIMh3GWm5o+ux33ogQtKA36k4JI6PBpx6FCOlpZ65B72jUnx8edL1BMLJaZpUUk8L95WeWbTK1gRwntgZKYIM9Z751e0HOPIJV5ghKTu2FSonQUJRzEha6EaShAiP0IB0NOXIJ9JJJi+k8FArfegFQhdXcKL+nkiQL2Xsu7rTR2ooZ72x+J/XiZR34SSUh5EiHE8XeRGDKoDjPGCfCoIVizVBWFB9K8RDpLNQOrWCDsGefXmeNCtl+6xcva0Wa1dZHHmwDw5ACdjgHNTADaiDBsDgETyDV/BmPBkvxrvxMW3NGdnMLvgD4/MHhASVnA==</latexit>

f 0(y) = �3

2
f(y)2

<latexit sha1_base64="AxW/Ec+zpjgovaOHyi7FFaBz4zE=">AAACB3icbZDLSsNAFIZP6q3WW9SlIINFqAglqUXdCEU3LivYC7SlTKaTdujkwsxECCE7N76KGxeKuPUV3Pk2TtsstPWHgY//nMOZ8zshZ1JZ1reRW1peWV3Lrxc2Nre2d8zdvaYMIkFogwQ8EG0HS8qZTxuKKU7boaDYczhtOeObSb31QIVkgX+v4pD2PDz0mcsIVtrqm4duKT656roCk8ROE/t0hmdpUklRnPbNolW2pkKLYGdQhEz1vvnVHQQk8qivCMdSdmwrVL0EC8UIp2mhG0kaYjLGQ9rR6GOPyl4yvSNFx9oZIDcQ+vkKTd3fEwn2pIw9R3d6WI3kfG1i/lfrRMq97CXMDyNFfTJb5EYcqQBNQkEDJihRPNaAiWD6r4iMsA5C6egKOgR7/uRFaFbK9nm5elct1q6zOPJwAEdQAhsuoAa3UIcGEHiEZ3iFN+PJeDHejY9Za87IZvbhj4zPH80xmKg=</latexit>

f(y) =
1

1 + 3
2y

<latexit sha1_base64="LFyFjZhZwNU3pypX7PLhpVVpCHY="></latexit>

Veff (�) =
g�4/4!

1� 3
2

g
16⇡2 log

⇣
g�2

2µ2

⌘ .

Example I:  Power like Potential

p=4

<latexit sha1_base64="xzDzTGfraWPeE2lMN08rbEKLA9Y=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgxbArQb0IQS8eI5gHJGuYncwmQ2Znx5nZwLLkO7x4UMSrH+PNv3HyOGhiQUNR1U13VyA508Z1v53cyura+kZ+s7C1vbO7V9w/aOg4UYTWScxj1QqwppwJWjfMcNqSiuIo4LQZDG8nfnNElWaxeDCppH6E+4KFjGBjJT+97nfkgD1m8qwy7hZLbtmdAi0Tb05KMEetW/zq9GKSRFQYwrHWbc+Vxs+wMoxwOi50Ek0lJkPcp21LBY6o9rPp0WN0YpUeCmNlSxg0VX9PZDjSOo0C2xlhM9CL3kT8z2snJrzyMyZkYqggs0VhwpGJ0SQB1GOKEsNTSzBRzN6KyAArTIzNqWBD8BZfXiaN87J3Ua7cV0rVm3kceTiCYzgFDy6hCndQgzoQeIJneIU3Z+S8OO/Ox6w158xnDuEPnM8fcgGR5g==</latexit>

y = g�p�4



23

<latexit sha1_base64="dpptTNqHP1knM9lhIIcvOYPa2kA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBItQN3WmFHUjFN24rGAf0A4lk2ba0ExmTDKFYeh3uHGhiFs/xp1/Y9rOQlsPXO7hnHvJzfEizpS27W8rt7a+sbmV3y7s7O7tHxQPj1oqjCWhTRLyUHY8rChngjY105x2Iklx4HHa9sZ3M789oVKxUDzqJKJugIeC+YxgbSTXLyfnNwjFpl0k/WLJrthzoFXiZKQEGRr94ldvEJI4oEITjpXqOnak3RRLzQin00IvVjTCZIyHtGuowAFVbjo/eorOjDJAfihNCY3m6u+NFAdKJYFnJgOsR2rZm4n/ed1Y+9duykQUayrI4iE/5kiHaJYAGjBJieaJIZhIZm5FZIQlJtrkVDAhOMtfXiWtasW5rNQeaqX6bRZHHk7gFMrgwBXU4R4a0AQCT/AMr/BmTawX6936WIzmrGznGP7A+vwBcDyQmQ==</latexit>

f(y) = u(y)/y

<latexit sha1_base64="2H82AOgTx461RwJEX9fKiMIoOQY=">AAACAnicbVDLSgMxFM3UV62vUVfiJljEClJmpKgboejGZQX7gHYomTTThiaZIQ+hlOLGX3HjQhG3foU7/8ZMOwutHkg4Oedebu4JE0aV9rwvJ7ewuLS8kl8trK1vbG652zsNFRuJSR3HLJatECnCqCB1TTUjrUQSxENGmuHwOvWb90QqGos7PUpIwFFf0IhipK3UdfdMqZNw6B1feifQHKUPy+3td92iV/amgH+Jn5EiyFDrup+dXowNJ0JjhpRq+16igzGSmmJGJoWOUSRBeIj6pG2pQJyoYDxdYQIPrdKDUSztERpO1Z8dY8SVGvHQVnKkB2reS8X/vLbR0UUwpiIxmgg8GxQZBnUM0zxgj0qCNRtZgrCk9q8QD5BEWNvUCjYEf37lv6RxWvbPypXbSrF6lcWRB/vgAJSAD85BFdyAGqgDDB7AE3gBr86j8+y8Oe+z0pyT9eyCX3A+vgEbLpSz</latexit>

u(±0) = 0, u0(±0) = ±1

<latexit sha1_base64="nUYLBL1yNnvrwey6LL+lr/eG0Xk="></latexit>

yu0(y)� u(y) = � 1

4p!
[12u(y) + (p� 4)(p+ 3)yu0(y) + (p� 4)2y2u00(y)]2

<latexit sha1_base64="tJ9E51g9QXlyq5532ARpeFqtMQY="></latexit>

y ! � g

16⇡2
�p�4 log

g�p�2

µ2/(p� 2)!

p>4

y

u(y)

Example I:  Power like Potential
<latexit sha1_base64="u63eiTccd3DGU7RiNmnBwXGvx40=">AAACBnicbVDLSsNAFJ34rPUVdSnCaBHqpiRS1I1QdOOygn1AE8NkOmmHTpJhZiKUkJUbf8WNC0Xc+g3u/BsnbRbaeuDCmXPuZe49PmdUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNEYNLCMYtF10eSMBqRlqKKkS4XBIU+Ix1/dJ37nQciJI2jOzXmxA3RIKIBxUhpyTMPBm3Pqjp8SE8uB04gEE7zxz3PUn6YeWbFqlkTwHliF6QCCjQ988vpxzgJSaQwQ1L2bIsrN0VCUcxIVnYSSTjCIzQgPU0jFBLpppMzMnislT4MYqErUnCi/p5IUSjlOPR1Z4jUUM56ufif10tUcOGmNOKJIhGefhQkDKoY5pnAPhUEKzbWBGFB9a4QD5HOQunkyjoEe/bkedI+rdlntfptvdK4KuIogX1wBKrABuegAW5AE7QABo/gGbyCN+PJeDHejY9p64JRzOyBPzA+fwCWTpiY</latexit>

gV0(�) = g
�p

p!

<latexit sha1_base64="jloC5Xs4RE+4wFRYwoEYsq5/Ep4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHsbXbq9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB2ueNhw==</latexit>

y = 0
<latexit sha1_base64="jloC5Xs4RE+4wFRYwoEYsq5/Ep4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHsbXbq9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwB2ueNhw==</latexit>

y = 0

Discontinuity at y=0
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p=5 p=6

Example I:  Power like Potential

• Finite gap instead of an infinite barrier as for p=4
• Metastability of the quantum state
• No new minima



-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



RG Equation for the T-model Effective potential

<latexit sha1_base64="k3OynfcAgfldUOYshdi3udv6q98="></latexit>

x = z/M4
Pl y = tanhn('/

p
6↵MPl)

<latexit sha1_base64="yL6dn8mU6+t2B349dOYHJvjv34M="></latexit>

⌃(z/M4
Pl, tanh

n('/
p
6↵MPl)) ⌘ S(x, y)

<latexit sha1_base64="BNidmdP8lmxxpCRFl7GsqN/PWGI="></latexit>

Sx = �
n2y2�

4
n

�
y2/n � 1

�2

144↵2

⇣⇣
y2/n + n

⇣
y2/n � 1

⌘
+ 1

⌘
Sy + ny

⇣
y2/n � 1

⌘
Syy

⌘2

<latexit sha1_base64="jPSc36FHybcW5Jf/cpJRHyi9OqI=">AAACDnicbZDLSgMxFIYzXmu9jbp0EyyFFsowI1LdFIpuXFZqL9AOQybNtKGZC0lGHIb6Am58FTcuFHHr2p1vYzrtQlt/CHz5zzkk53cjRoU0zW9tZXVtfWMzt5Xf3tnd29cPDtsijDkmLRyykHddJAijAWlJKhnpRpwg32Wk446vpvXOHeGChsGtTCJi+2gYUI9iJJXl6MVmyawk5VpSgQ+wWbqvWOWalbGTJpPZ3TQcvWAaZia4DNYcCmCuhqN/9Qchjn0SSMyQED3LjKSdIi4pZmSS78eCRAiP0ZD0FAbIJ8JOs3UmsKicAfRCrk4gYeb+nkiRL0Tiu6rTR3IkFmtT879aL5behZ3SIIolCfDsIS9mUIZwmg0cUE6wZIkChDlVf4V4hDjCUiWYVyFYiysvQ/vUsKpG9easUL+cx5EDx+AElIAFzkEdXIMGaAEMHsEzeAVv2pP2or1rH7PWFW0+cwT+SPv8AW9ul/Y=</latexit>

S(0, y) = y, S(x, 1) = 1, Sy(x, 1) = 0.

<latexit sha1_base64="XPA29tZpSlgTRAjGj41QBJz4/3Y="></latexit>

Sx = � (y � 1)2 ((3y � 1)Sy + 2(y � 1)ySyy)
2

36↵2

Dimensionless variables

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

d⌃

dz
= �1

4
(D2⌃)

2

Boundary conditions

This is a nonlinear partial differential equation!

n=2 case
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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)
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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
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General Resume

 The UV divergences in non-renormalizable theories are local and can be 
removed by local counter terms like in renormalizable ones

 The main difference is that the renormalization constant Z depends on 
kinematics and acts like an operator rather than simple multiplication

 Based on locality of the counter terms due to the Bogoliubov-Parasiuk  
theorem 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 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


