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Quantum corrections to Scalar Potential 

Colemann-Weinberg  Mechanism

RG summed all-loop leading terms

Negative for small field

Classical potential
<latexit sha1_base64="Xq3m8GsiIb6mki0KxaSAeYLzNmE=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbQIdVNnpFQ3QtGNywr2Ae1YMmmmDc08SDJCHYq/4saFIm79D3f+jZl2Flo9cLmHc+4lN8eNOJPKsr6M3MLi0vJKfrWwtr6xuWVu7zRlGAtCGyTkoWi7WFLOAtpQTHHajgTFvstpyx1dpX7rngrJwuBWjSPq+HgQMI8RrLTUM/eaPavUjYbs+GKQtrvKSeWgZxatsjUF+kvsjBQhQ71nfnb7IYl9GijCsZQd24qUk2ChGOF0UujGkkaYjPCAdjQNsE+lk0yvn6AjrfSRFwpdgUJT9edGgn0px76rJ32shnLeS8X/vE6svHMnYUEUKxqQ2UNezJEKURoF6jNBieJjTTARTN+KyBALTJQOrKBDsOe//Jc0T8t2tVy9qRRrl1kcediHQyiBDWdQg2uoQwMIPMATvMCr8Wg8G2/G+2w0Z2Q7u/ALxsc3ADeTqA==</latexit>

V0(�) = g�4/4!

<latexit sha1_base64="+T6JdR8li09Pcnd01cfdN+xh/+U="></latexit>
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g2
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16
log �2/µ2

<latexit sha1_base64="Q87BnLtYD1b0OwXuyoUvTXTpcr8="></latexit>
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One-loop correction

<latexit sha1_base64="xOSB1Gqn0nFhNSdN9afvEf7qRR8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh1bf7ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVa9Wrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHZ442I</latexit>

V0

<latexit sha1_base64="QRHupQQCI2poE+H8VGgW92Sp6Dw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYNNCG8Jmu2mXbnbD7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMi1LOtHHdb6e0tr6xuVXeruzs7u0fVA+PfC0zRWibSC5VN8KaciZo2zDDaTdVFCcRp51ofDfzO09UaSbFo5mkNEjwULCYEWys1PFD98IPvbBac+vuHGiVeAWpQYFWWP3qDyTJEioM4VjrnuemJsixMoxwOq30M01TTMZ4SHuWCpxQHeTzc6fozCoDFEtlSxg0V39P5DjRepJEtjPBZqSXvZn4n9fLTHwT5EykmaGCLBbFGUdGotnvaMAUJYZPLMFEMXsrIiOsMDE2oYoNwVt+eZX4l3WvUW88XNWat0UcZTiBUzgHD66hCffQgjYQGMMzvMKbkzovzrvzsWgtOcXMMfyB8/kDEKCOwQ==</latexit>

V0 + V1

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

Veff

New minimum appears and disappears !
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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



Divergent terms and Logs

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

L =
1

2
(@µ�)

2 � gV0(�)General scalar field theory in D=4

<latexit sha1_base64="lJ067YBvcBzQh4IuDBtB71jOFV8="></latexit>

Diag ⇠ 1

✏
v22(

µ2

m2
)✏ ! v22(

1

✏
� log

m2

µ2
), m2 = gv22

<latexit sha1_base64="gWOs3YeU4BEgY4KLf4ec3lwF2S4="></latexit>

�V1 =
g2

16⇡2
v22 log

gv2
µ2

<latexit sha1_base64="A4SPiuUdo6wMSgW6V2E6ISccll8=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QriWbZttoNglJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXKc6M9f1vr7Cyura+UdwsbW3v7O6V9w9aRqaa0CaRXOpOhA3lTNCmZZbTjtIUJxGn7ejxeuq3n6g2TIo7O1Y0TPBQsJgRbJ3U6qkRu6/1yxW/6s+AlkmQkwrkaPTLX72BJGlChSUcG9MNfGXDDGvLCKeTUi81VGHyiIe066jACTVhNrt2gk6cMkCx1K6ERTP190SGE2PGSeQ6E2xHZtGbiv953dTGl2HGhEotFWS+KE45shJNX0cDpimxfOwIJpq5WxEZYY2JdQGVXAjB4svLpHVWDc6rtdtapX6Vx1GEIziGUwjgAupwAw1oAoEHeIZXePOk9+K9ex/z1oKXzxzCH3ifP0E7ju4=</latexit>

�4

<latexit sha1_base64="zRcQTj8hBaHyP/sT0AiRJA9OBK8=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewagh6JXjxi4gIJrKRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8tUEeoTyaXqhFhTzgT1DTOcdhJFcRxy2g7HNzO//USVZlLcm0lCgxgPBYsYwcZKrV4yYg/1frniVt050CrxclKBHM1++as3kCSNqTCEY627npuYIMPKMMLptNRLNU0wGeMh7VoqcEx1kM2vnaIzqwxQJJUtYdBc/T2R4VjrSRzazhibkV72ZuJ/Xjc10VWQMZGkhgqyWBSlHBmJZq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/nlVdK6qHr1au2uVmlc53EU4QRO4Rw8uIQG3EITfCDwCM/wCm+OdF6cd+dj0Vpw8plj+APn8wdEQ47w</latexit>

�6

<latexit sha1_base64="H1jNPQyFvGHBmNenWk+6+YwSFWo=">AAACJnicbVDNS8MwHE3n15xfVY9egkPwNNoxppfBUA8eJ7gPWLuSZukWlrYhSYVR9td48V/x4mEi4s0/xazrQTcfhDzeez+S3/M5o1JZ1pdR2Njc2t4p7pb29g8Oj8zjk46ME4FJG8csFj0fScJoRNqKKkZ6XBAU+ox0/cntwu8+ESFpHD2qKSduiEYRDShGSkue2XDuCFMIdjy74QQC4XQ0qM5Su+5wqonDx3RQc1g8ys1M0AEnTPTlmWWrYmWA68TOSRnkaHnm3BnGOAlJpDBDUvZtiys3RUJRzMis5CSScIQnaET6mkYoJNJNszVn8EIrQxjEQp9IwUz9PZGiUMpp6OtkiNRYrnoL8T+vn6jg2k1pxBNFIrx8KEgYVDFcdAaHVBCs2FQThAXVf4V4jHQfSjdb0iXYqyuvk061YtcrtYdauXmT11EEZ+AcXAIbXIEmuAct0AYYPINXMAfvxovxZnwYn8towchnTsEfGN8/VZKlwQ==</latexit>

�V1 =
g2

16⇡2
�4 log

g�2

µ2

<latexit sha1_base64="KjUguu9B+Gq3xa41oDKRVHwmpWU="></latexit>

�V1 =
g2

16⇡2
�8 log

g�4

µ2

UV divergences in  dimensional regularisation
<latexit sha1_base64="JUMGaQ23ShkmdEvXsSox5np2xxE=">AAAB9HicbVBNSwMxEM3Wr1q/qh69BIvgxbJbSvUiFPXgsYL9gHYp2XS2Dc0ma5ItlNLf4cWDIl79Md78N6btHrT1wcDjvRlm5gUxZ9q47reTWVvf2NzKbud2dvf2D/KHRw0tE0WhTiWXqhUQDZwJqBtmOLRiBSQKODSD4e3Mb45AaSbFoxnH4EekL1jIKDFW8u+uyxelDsSacSm6+YJbdOfAq8RLSQGlqHXzX52epEkEwlBOtG57bmz8CVGGUQ7TXCfREBM6JH1oWypIBNqfzI+e4jOr9HAolS1h8Fz9PTEhkdbjKLCdETEDvezNxP+8dmLCK3/CRJwYEHSxKEw4NhLPEsA9poAaPraEUMXsrZgOiCLU2JxyNgRv+eVV0igVvUqx8lAuVG/SOLLoBJ2ic+ShS1RF96iG6oiiJ/SMXtGbM3JenHfnY9GacdKZY/QHzucPtpuRcQ==</latexit>

D = 4� 2✏

One loop

<latexit sha1_base64="jm58xDoj7YC/jiaL9CdGbEpE1PY=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbutDQbTdtl4Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlpapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2O7+Z+e0KVZlI8mmlCgxgPBYsYwcZK/qRfe6r1yxW36i6A1omXkwrkaPbLX72BJGlMhSEca9313MQEGV aGEU5npV6qaYLJGA9p11KBY6qDbHHsDF1YZYAiqWwJgxbq74kMx1pP49B2xtiM9Ko3F//zuqmJboKMiSQ1VJDloijlyEg0/xwNmKLE8KklmChmb0VkhBUmxuZTsiF4qy+vk1at6tWr9YerSuM2j6MIZ3AOl+DBNTTgHprgAwEGz/AKb45wXpx352PZWnDymVP4A+fzBzRHjk4=</latexit>

v22
<latexit sha1_base64="jm58xDoj7YC/jiaL9CdGbEpE1PY=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjxi4gIJrKRbutDQbTdtl4Rs+A1ePGiMV3+QN/+NBfag4EsmeXlvJjPzwoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTlpapItQnkkvVCbGmnAnqG2Y47SSK4jjktB2O7+Z+e0KVZlI8mmlCgxgPBYsYwcZK/qRfe6r1yxW36i6A1omXkwrkaPbLX72BJGlMhSEca9313MQEGVaGEU5npV6qaYLJGA9p11KBY6qDbHHsDF1YZYAiqWwJgxbq74kMx1pP49B2xtiM9Ko3F//zuqmJboKMiSQ1VJDloijlyEg0/xwNmKLE8KklmChmb0VkhBUmxuZTsiF4qy+vk1at6tWr9YerSuM2j6MIZ3AOl+DBNTTgHprgAwEGz/AKb45wXpx352PZWnDymVP4A+fzBzRHjk4=</latexit>

v22

UV divergence
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Divergences and Log ф behaviour

The aim is to calculate the leading divergences  ~          in n-th order of PT 

The leading divergences                            The leading logs 

•  In non-renormalizable theories  divergences cannot be absorbed into the 
renormalization of the couplings and fields.

•  If they are subtracted some way one is left with infinite arbitrariness. 

• Coefficients of the leading divergences (logs) do not depend on this 
arbitrariness ! 

<latexit sha1_base64="ZDNb9m7jGtixeA3k96i3PM+jrR0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3wSK4KokUdVl047KCfUATy2R60w6dzISZiVBD8FfcuFDErf/hzr9x2mahrQcuHM65l3vvCRNGlXbdb2tpeWV1bb20Ud7c2t7Ztff2W0qkkkCTCCZkJ8QKGOXQ1FQz6CQScBwyaIej64nffgCpqOB3epxAEOMBpxElWBupZx/6kcQk8/LMh0RRJvg9z3t2xa26UziLxCtIBRVo9Owvvy9IGgPXhGGlup6b6CDDUlPCIC/7qYIEkxEeQNdQjmNQQTa9PndOjNJ3IiFNce1M1d8TGY6VGseh6YyxHqp5byL+53VTHV0GGeVJqoGT2aIoZY4WziQKp08lEM3GhmAiqbnVIUNs4tAmsLIJwZt/eZG0zqreebV2W6vUr4o4SugIHaNT5KELVEc3qIGaiKBH9Ixe0Zv1ZL1Y79bHrHXJKmYO0B9Ynz8wjJW3</latexit>

1

✏n

<latexit sha1_base64="lJ067YBvcBzQh4IuDBtB71jOFV8="></latexit>

Diag ⇠ 1

✏
v22(

µ2

m2
)✏ ! v22(

1

✏
� log

m2

µ2
), m2 = gv22



R0Gn =
A(n)

n (µ2)n✏

✏n
+

A(n)
n�1(µ

2)(n�1)✏

✏n
+ ...+

A(n)
1 (µ2)✏

✏n

+ lower pole terms

A(n)
k (µ2)k✏

BPHZ  R-operation

terms appear after subtraction of (n-k) loop counter terms  

n loops n-1 loops

1 loop1 loop 
counter 

term

n-1 loop 
counter 

term

+ +…+

A(n)
n = (�1)n+1A

(n)
1

n

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!

=
<latexit sha1_base64="9JOgyzxA/9kFE5pl7RLiKLx5w+Q=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbRU9mVoh6LXjxWsR/SLiWbZtvQJLskWaEs+yu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpaNEEdokEY9UJ8CaciZp0zDDaSdWFIuA03Ywvpn67SeqNIvkg5nE1Bd4KFnICDZWekx7BHN0f5r1yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6zUi/RNMZkjIe0a6nEgmo/nR2coROrDFAYKVvSoJn6eyLFQuuJCGynwGakF72p+J/XTUx45adMxomhkswXhQlHJkLT79GAKUoMn1iCiWL2VkRGWGFibEYlG4K3+PIyaZ1XvYtq7a5WqV/ncRThCI7hDDy4hDrcQgOaQEDAM7zCm6OcF+fd+Zi3Fpx85hD+wPn8ASBbj/o=</latexit>

R0 n loops



Two loop example

R0 = � {
non-local terms to be cancelled

A(2)
2 =

1

2
(A(1)

1 )2Leading divergence is given by the one-loop term

= �1

2

(A(1)
1 )2

✏2
+ ...

• These statements are universal and are valid in non-renormalizable theories as well.

• The only difference is that the counter term         depends on the field

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

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

�4
4

A(1)
1

A(2)
2 A(1)

1

<latexit sha1_base64="RAeZCqlVBD+JYJ96j3j2ONOMhfE="></latexit>

= v2v
2
3

 
A(2)

2

✏2
+

A(2)
1

✏

!
(
µ2

m2
)2✏

<latexit sha1_base64="NUf3Jg30ft7qq52eO+p2LS6rzrQ="></latexit>

=
A(2)

2

✏2
� (A(1)

1 )2

✏2
+ 2

A(2)
2

✏
log(µ2/m2)� (A(1)

1 )2

✏
log(µ2/m2)

<latexit sha1_base64="UcjskWoxOzcmd4D+WkQlY6V4mhU="></latexit>

=

 
A(2)

2

✏2
+

A(2)
1

✏

!
(
µ2

m2
)2✏ � A(1)

1

✏
(
µ2

m2
)✏
A(1)

1

✏

<latexit sha1_base64="jD6Ntx4ictSSQFGs0JsK6ExSl3g=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kt0noRil48VrAf0K4lm2bb0CS7JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML6b++0JVZpF8tFMY+oLPJQsZAQbK7XFU+Vm0q/0iyW37C6A1omXkRJkaPSLX71BRBJBpSEca9313Nj4KVaGEU5nhV6iaYzJGA9p11KJBdV+ujh3hi6sMkBhpGxJgxbq74kUC62nIrCdApuRXvXm4n9eNzHhtZ8yGSeGSrJcFCYcmQjNf0cDpigxfGoJJorZWxEZYYWJsQkVbAje6svrpFUpe9Vy9eGqVL/N4sjDGZzDJXhQgzrcQwOaQGAMz/AKb07svDjvzseyNedkM6fwB87nD4NPjww=</latexit>

m2 = v2
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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(�)



-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

Kazakov, Iakhibbaev, Tolkachev  24
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Estimation of the value of the Cosmological Constant

<latexit sha1_base64="JyajS3b8O6VfAIwiWfkZalWGi+U="></latexit>

Veff = V0 +
g2

16⇡2

v22
4

log
gv2(')

µ2

<latexit sha1_base64="YRmwqLILC+yAUQ+lVSElf9WO9K0="></latexit>

⇤ =


g2

16⇡2

v22
4

log

✓
gv2
µ2

◆�����
'='vac

<latexit sha1_base64="EQyo7lxNihbRZoloIDLYV8SJcW8="></latexit>

µ2 =
g

3↵M2
Pl

e
�576⇡2 ↵2

g2
⇤M4

Pl

<latexit sha1_base64="eatfpnq8jHWzLwdjNlgHO4PImvM="></latexit>

g = 10�10M4
Pl, MPl = (8⇡G)�

1
2 , ↵ = 1

<latexit sha1_base64="LvhzQK6T99LSiTFq4ZRiHW5OIWg="></latexit>

⇤ ⇠ 10�120M4
Pl µ ⇡ 10�6MPl

One-loop Potential 

Cosmological constant

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

Inverse formula

Numerical Estimation

- Inflaton mass
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Conclusion on Effective potential

  The effective potential in the LL approximation obeys the RG master 
equation which is a partial non-linear differential equation

 This generalised RG equation is valid for any potential including non-
renormalizable one

 In some cases this equation is simplified  to the ordinary differential one 
and can be solved at least numerically. 

 The effective potential has a minima at the origin or can have additional 
minima depending on the free scale parameter     . 

 This formalism is applicable to inflation cosmology potentials like the 
model of       -attractors T2

 At the minima the potential is lifted due to radiative correction so that the 
cosmological constant appears

 Properly choosing the parameters of the potential one can get the 
observable value of the cosmological constant

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

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


