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10−22 eV keV GeV M⊙“Ultralight” Light WIMP Superheavy “PBH”
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Figure from [P. Villanueva-Domingo et. al., arXiv:2103.12087]
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PBHs form through the collapse of large over-densities in the density perturbation
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Inflation, phase transition, cosmic strings, reheating.. 
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<latexit sha1_base64="YvfY9bLOaZomV+MT1rwpbt42YTA=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCXViSWtRl0Y07q9gLNDFMppN26OTCzEQoIQ/ixldx40IRNy4E38ZJG4q2/jDw8Z9zmHN+N2JUSMP41hYWl5ZXVgtrxfWNza1tfWe3JcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8DKrtx8IFzQM7uQoIraP+gH1KEZSWY5+YvlIDjBiSSN1pnybQktQH06N6xSWTeM+Oa6mR9DRS0bFGAvOg5lDCeRqOPqn1Qtx7JNAYoaE6JpGJO0EcUkxI2nRigWJEB6iPukqDJBPhJ2Mj0vhoXJ60Au5eoGEY/f3RIJ8IUa+qzqzbcVsLTP/q3Vj6Z3bCQ2iWJIATz7yYgZlCLOkYI9ygiUbKUCYU7UrxAPEEZYqz6IKwZw9eR5a1Yp5Wqnd1Er1izyOAtgHB6AMTHAG6uAKNEATYPAInsEreNOetBftXfuYtC5o+cwe+CPt6wfAxqEY</latexit>

PR ⇠ O(10�2)

Exponential dependence

For solar-mass black holes, in RD
<latexit sha1_base64="GYB2+7DDjkc/5UDVaQZw10keE6A=">AAACEnicbVDLSgNBEJyNrxhfqx69DAZBL3FXgnoUvXiMYKKQxGV20tEhM7vrTK8Ylv0GL/6KFw+KePXkzb9x8kB8FQzUVHXT3RUmUhj0vA+nMDE5NT1TnC3NzS8sLrnLKw0Tp5pDnccy1uchMyBFBHUUKOE80cBUKOEs7B0N/LMb0EbE0Sn2E2grdhmJruAMrRS4WyzIWgi3mMF1nm9//bqxVnlOW0Yo6nsX2X4euGWv4g1B/xJ/TMpkjFrgvrc6MU8VRMglM6bpewm2M6ZRcAl5qZUaSBjvsUtoWhoxBaadDU/K6YZVOtRuYV+EdKh+78iYMqavQlupGF6Z395A/M9rptjdb2ciSlKEiI8GdVNJMaaDfGhHaOAo+5YwroXdlfIrphlHm2LJhuD/PvkvaexU/N1K9aRaPjgcx1Eka2SdbBKf7JEDckxqpE44uSMP5Ik8O/fOo/PivI5KC864Z5X8gPP2CVMtnn0=</latexit>

aeq/aform ⇠ 108

Take then 
<latexit sha1_base64="paPvyc+938GSjQ/9qIFEEUhEg1Q="></latexit>

fPBH ⇠ O(1) ! �(M) ⇠ 10�8
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Then, how large should the density perturbations / curvature perturbations be?

<latexit sha1_base64="1YcLWuSVvA4YrqDxcFZj9po4zdg="></latexit>

� ⇠ �p
2⇡�c

e��2c/(2�
2) ⇠ e��2c/PR

<latexit sha1_base64="AHQANFNTN68m4bEOZjS/1utcPE4="></latexit>

fPBH ⌘ ⇢PBH

⇢DM

=

✓
aeq
aform

◆
�(M)

Naive! 
<latexit sha1_base64="KaXVSnWHI79DFlzwYh6i6ni10Rk=">AAACDnicbZDLSsNAFIYn9VbrLerSzWApuCpJKeqy6MZlFXuBJobJdNIOnUnCzEQoIU/gxldx40IRt67d+TZO2iDa+sPAx3/OYc75/ZhRqSzryyitrK6tb5Q3K1vbO7t75v5BV0aJwKSDIxaJvo8kYTQkHUUVI/1YEMR9Rnr+5DKv9+6JkDQKb9U0Ji5Ho5AGFCOlLc+sOZKOOLprQA0cOhypMUYsbWfeD99knlm16tZMcBnsAqqgUNszP51hhBNOQoUZknJgW7FyUyQUxYxkFSeRJEZ4gkZkoDFEnEg3nZ2TwZp2hjCIhH6hgjP390SKuJRT7uvOfEW5WMvN/2qDRAXnbkrDOFEkxPOPgoRBFcE8GzikgmDFphoQFlTvCvEYCYSVTrCiQ7AXT16GbqNun9ab181q66KIowyOwDE4ATY4Ay1wBdqgAzB4AE/gBbwaj8az8Wa8z1tLRjFzCP7I+PgGdAecZQ==</latexit>

�2 ⇠ PR

<latexit sha1_base64="YvfY9bLOaZomV+MT1rwpbt42YTA=">AAACHHicbZDLSsNAFIYnXmu9RV26GSxCXViSWtRl0Y07q9gLNDFMppN26OTCzEQoIQ/ixldx40IRNy4E38ZJG4q2/jDw8Z9zmHN+N2JUSMP41hYWl5ZXVgtrxfWNza1tfWe3JcKYY9LEIQt5x0WCMBqQpqSSkU7ECfJdRtru8DKrtx8IFzQM7uQoIraP+gH1KEZSWY5+YvlIDjBiSSN1pnybQktQH06N6xSWTeM+Oa6mR9DRS0bFGAvOg5lDCeRqOPqn1Qtx7JNAYoaE6JpGJO0EcUkxI2nRigWJEB6iPukqDJBPhJ2Mj0vhoXJ60Au5eoGEY/f3RIJ8IUa+qzqzbcVsLTP/q3Vj6Z3bCQ2iWJIATz7yYgZlCLOkYI9ygiUbKUCYU7UrxAPEEZYqz6IKwZw9eR5a1Yp5Wqnd1Er1izyOAtgHB6AMTHAG6uAKNEATYPAInsEreNOetBftXfuYtC5o+cwe+CPt6wfAxqEY</latexit>

PR ⇠ O(10�2)

Exponential dependence

[A. Karam, et. al, 
arXiv:2205.13540]

For solar-mass black holes, in RD
<latexit sha1_base64="GYB2+7DDjkc/5UDVaQZw10keE6A=">AAACEnicbVDLSgNBEJyNrxhfqx69DAZBL3FXgnoUvXiMYKKQxGV20tEhM7vrTK8Ylv0GL/6KFw+KePXkzb9x8kB8FQzUVHXT3RUmUhj0vA+nMDE5NT1TnC3NzS8sLrnLKw0Tp5pDnccy1uchMyBFBHUUKOE80cBUKOEs7B0N/LMb0EbE0Sn2E2grdhmJruAMrRS4WyzIWgi3mMF1nm9//bqxVnlOW0Yo6nsX2X4euGWv4g1B/xJ/TMpkjFrgvrc6MU8VRMglM6bpewm2M6ZRcAl5qZUaSBjvsUtoWhoxBaadDU/K6YZVOtRuYV+EdKh+78iYMqavQlupGF6Z395A/M9rptjdb2ciSlKEiI8GdVNJMaaDfGhHaOAo+5YwroXdlfIrphlHm2LJhuD/PvkvaexU/N1K9aRaPjgcx1Eka2SdbBKf7JEDckxqpE44uSMP5Ik8O/fOo/PivI5KC864Z5X8gPP2CVMtnn0=</latexit>

aeq/aform ⇠ 108

Take then 
<latexit sha1_base64="paPvyc+938GSjQ/9qIFEEUhEg1Q="></latexit>

fPBH ⇠ O(1) ! �(M) ⇠ 10�8
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[B. Carr et.al, arXiv: 2002.12778] 
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Window for PBH DM!

[B. Carr et.al, arXiv: 2002.12778] 



Introduction - Second Order GWs

14

Scalar and tensor perturbations couple at “second order metric perturbations”.
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Scalar and tensor perturbations couple at “second order metric perturbations”.
<latexit sha1_base64="YWCNcVUyUF4WLQiyyYEb6DZKtv0="></latexit>

⌦GW(⌘0, k) = cg
⌦r,0

6

Z 1

0
dv

Z 1+v

|1�v|
du

✓
4v2 � (1 + v2 � u2)2

4uv

◆2

I2(v, u)PR(kv)PR(ku)
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Scalar and tensor perturbations couple at “second order metric perturbations”.
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10-16
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10-10

10-7

10-4
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�
G
W

NANOGrav12.5

<latexit sha1_base64="bEIttla7a2WMGBfpl6++5xTlCsQ="></latexit>

⌦GWh2 ⇠ 1

12
⌦r,0h

2 ⇥ P2
R ⇠ 10�6P2

R

DECIGO, SKA : 
<latexit sha1_base64="ZdPhaByjRb0oFSY42mtBU5EAZ+w=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSKeqy6MZlFXuBJobJdNIOnUnCzEQoIS/gxldx40IRt+7d+TZO2iDa+sPAx3/OYc75/ZhRqSzryygtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYTQkLUUVI91YEMR9Rjr+6DKvd+6JkDQKb9U4Ji5Hg5AGFCOlLc88cDhSQ4xY2sy8H77JoCMph7Z1lx7XM8+sWjVrIjgPdgFVUKjpmZ9OP8IJJ6HCDEnZs61YuSkSimJGsoqTSBIjPEID0tMYIk6km06uyeChdvowiIR+oYIT9/dEiriUY+7rznxfOVvLzf9qvUQF525KwzhRJMTTj4KEQRXBPBrYp4JgxcYaEBZU7wrxEAmElQ6wokOwZ0+eh/ZJzT6t1a/r1cZFEUcZ7IF9cARscAYa4Ao0QQtg8ACewAt4NR6NZ+PNeJ+2loxiZhf8kfHxDfKTm3Y=</latexit>

PR ⇠ 10�4LISA, CE, ET : 

<latexit sha1_base64="Sf8pw9Pgr9Bdyct/BtvE26s3qpU=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSpB5TJWsDAWRC9SEyLHdVqrdhLZDlIV5QVYeBUWBhBiZWfjbXDaCEHLL1n69J9z5HN+P2ZUKsv6MubmFxaXlksr5dW19Y1Nc2u7JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/eJnX2/dESBqFt2oUE5ejfkgDipHSlmfuOxypAUYsbWTeD99k0JGUQ9u6S49OMs+sWFVrLDgLdgEVUKjhmZ9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tUYIk6km46vyeCBdnowiIR+oYJj9/dEiriUI+7rznxfOV3Lzf9q3UQF525KwzhRJMSTj4KEQRXBPBrYo4JgxUYaEBZU7wrxAAmElQ6wrEOwp0+ehdZx1T6t1q5rlfpFEUcJ7II9cAhscAbq4Ao0QBNg8ACewAt4NR6NZ+PNeJ+0zhnFzA74I+PjG/QYm3c=</latexit>

PR ⇠ 10�5

NANOGrav12.5:  
<latexit sha1_base64="sREhMDuNux1b6ExEpW9QqCRtWmI=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCG0tSirosunFZxV6giWEynbRDZ5IwMxFKyAu48VXcuFDErXt3vo2TNoi2/jDw8Z9zmHN+P2ZUKsv6MhYWl5ZXVktr5fWNza1tc2e3LaNEYNLCEYtE10eSMBqSlqKKkW4sCOI+Ix1/dJnXO/dESBqFt2ocE5ejQUgDipHSlmceOhypIUYsbWbeD99k0JGUQ9u6S09qmWdWrKo1EZwHu4AKKNT0zE+nH+GEk1BhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WkMESfSTSfXZPBIO30YREK/UMGJ+3siRVzKMfd1Z76vnK3l5n+1XqKCczelYZwoEuLpR0HCoIpgHg3sU0GwYmMNCAuqd4V4iATCSgdY1iHYsyfPQ7tWtU+r9et6pXFRxFEC++AAHAMbnIEGuAJN0AIYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bu+Jm3Q=</latexit>

PR ⇠ 10�2

Future GW observatories well involved 
in probing the small scale. 

[K.Schmitz, arXiv:2002.04615 ]
[Z. Arzoumanian et al , arXiv:2009.04496]

<latexit sha1_base64="YWCNcVUyUF4WLQiyyYEb6DZKtv0="></latexit>

⌦GW(⌘0, k) = cg
⌦r,0

6

Z 1

0
dv

Z 1+v

|1�v|
du

✓
4v2 � (1 + v2 � u2)2

4uv

◆2

I2(v, u)PR(kv)PR(ku)
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Scalar and tensor perturbations couple at “second order metric perturbations”.

10-7 10-4 0.1 100
10-19

10-16

10-13
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f (Hz)

h2
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G
W

NANOGrav12.5

<latexit sha1_base64="bEIttla7a2WMGBfpl6++5xTlCsQ="></latexit>

⌦GWh2 ⇠ 1

12
⌦r,0h

2 ⇥ P2
R ⇠ 10�6P2

R

DECIGO, SKA : 
<latexit sha1_base64="ZdPhaByjRb0oFSY42mtBU5EAZ+w=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAV3FgSKeqy6MZlFXuBJobJdNIOnUnCzEQoIS/gxldx40IRt+7d+TZO2iDa+sPAx3/OYc75/ZhRqSzryygtLC4tr5RXK2vrG5tb5vZOW0aJwKSFIxaJro8kYTQkLUUVI91YEMR9Rjr+6DKvd+6JkDQKb9U4Ji5Hg5AGFCOlLc88cDhSQ4xY2sy8H77JoCMph7Z1lx7XM8+sWjVrIjgPdgFVUKjpmZ9OP8IJJ6HCDEnZs61YuSkSimJGsoqTSBIjPEID0tMYIk6km06uyeChdvowiIR+oYIT9/dEiriUY+7rznxfOVvLzf9qvUQF525KwzhRJMTTj4KEQRXBPBrYp4JgxcYaEBZU7wrxEAmElQ6wokOwZ0+eh/ZJzT6t1a/r1cZFEUcZ7IF9cARscAYa4Ao0QQtg8ACewAt4NR6NZ+PNeJ+2loxiZhf8kfHxDfKTm3Y=</latexit>

PR ⇠ 10�4LISA, CE, ET : 

<latexit sha1_base64="Sf8pw9Pgr9Bdyct/BtvE26s3qpU=">AAACDXicbZC7TsMwFIYdrqXcAowsFgWJhSpB5TJWsDAWRC9SEyLHdVqrdhLZDlIV5QVYeBUWBhBiZWfjbXDaCEHLL1n69J9z5HN+P2ZUKsv6MubmFxaXlksr5dW19Y1Nc2u7JaNEYNLEEYtEx0eSMBqSpqKKkU4sCOI+I21/eJnX2/dESBqFt2oUE5ejfkgDipHSlmfuOxypAUYsbWTeD99k0JGUQ9u6S49OMs+sWFVrLDgLdgEVUKjhmZ9OL8IJJ6HCDEnZta1YuSkSimJGsrKTSBIjPER90tUYIk6km46vyeCBdnowiIR+oYJj9/dEiriUI+7rznxfOV3Lzf9q3UQF525KwzhRJMSTj4KEQRXBPBrYo4JgxUYaEBZU7wrxAAmElQ6wrEOwp0+ehdZx1T6t1q5rlfpFEUcJ7II9cAhscAbq4Ao0QBNg8ACewAt4NR6NZ+PNeJ+0zhnFzA74I+PjG/QYm3c=</latexit>

PR ⇠ 10�5

NANOGrav12.5:  
<latexit sha1_base64="sREhMDuNux1b6ExEpW9QqCRtWmI=">AAACDXicbZDLSsNAFIYnXmu9RV26GayCG0tSirosunFZxV6giWEynbRDZ5IwMxFKyAu48VXcuFDErXt3vo2TNoi2/jDw8Z9zmHN+P2ZUKsv6MhYWl5ZXVktr5fWNza1tc2e3LaNEYNLCEYtE10eSMBqSlqKKkW4sCOI+Ix1/dJnXO/dESBqFt2ocE5ejQUgDipHSlmceOhypIUYsbWbeD99k0JGUQ9u6S09qmWdWrKo1EZwHu4AKKNT0zE+nH+GEk1BhhqTs2Vas3BQJRTEjWdlJJIkRHqEB6WkMESfSTSfXZPBIO30YREK/UMGJ+3siRVzKMfd1Z76vnK3l5n+1XqKCczelYZwoEuLpR0HCoIpgHg3sU0GwYmMNCAuqd4V4iATCSgdY1iHYsyfPQ7tWtU+r9et6pXFRxFEC++AAHAMbnIEGuAJN0AIYPIAn8AJejUfj2Xgz3qetC0Yxswf+yPj4Bu+Jm3Q=</latexit>

PR ⇠ 10�2

Future GW observatories well involved 
in probing the small scale. 

[K.Schmitz, arXiv:2002.04615 ]
[Z. Arzoumanian et al , arXiv:2009.04496]

<latexit sha1_base64="YWCNcVUyUF4WLQiyyYEb6DZKtv0="></latexit>

⌦GW(⌘0, k) = cg
⌦r,0

6

Z 1

0
dv

Z 1+v

|1�v|
du

✓
4v2 � (1 + v2 � u2)2

4uv

◆2

I2(v, u)PR(kv)PR(ku)
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[Planck Collaboration., arXiv:1807.06211]

Inflation paradigm very successful! CMB observations attempt constraining inflationary models.

Q1) What can be our inflaton? Q2) Phenomenology induced by inflation in smaller scales?

Characterized by slow-roll parameters

<latexit sha1_base64="a8x4oQeLf29l7YEffTR+azKYTsE=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4scxIUZdFN11WsK3QKSWT3rGhmYfJnUIZ5i/c+CtuXCjiVnf+jelD0NYDgZNz7iG5x4ul0GjbX1ZuaXlldS2/XtjY3NreKe7uNXWUKA4NHslI3XpMgxQhNFCghNtYAQs8CS1vcDX2W0NQWkThDY5i6ATsLhS+4AyN1C2WXUBGXbhPxJCeUNdXjKdurxdh6sZ9kWXm8sNpLesWS3bZnoAuEmdGSmSGerf4afI8CSBELpnWbceOsZMyhYJLyApuoiFmfMDuoG1oyALQnXSyV0aPjNKjfqTMCZFO1N+JlAVajwLPTAYM+3reG4v/ee0E/YtOKsI4QQj59CE/kRQjOi6J9oQCjnJkCONKmL9S3memGjRVFkwJzvzKi6R5WnbOypXrSql6OasjTw7IITkmDjknVVIjddIgnDyQJ/JCXq1H69l6s96nozlrltknf2B9fAOzkaBN</latexit>

⌘ ⌘ � �̈

�̇H

<latexit sha1_base64="Sc2uevU8TXei87x/kVX4piGPBQk="></latexit>

✏ ⌘ � Ḣ

H2
=

�̇
2

2H2

<latexit sha1_base64="C+8o8fvaqXPl08JtxadYyJ2Y+Gk=">AAACC3icbVDLSgMxFM34rPU16tJNaBEEscyUUl0W3bisYB/QKSWT3mlDM5kxyQhl6N6Nv+LGhSJu/QF3/o1pOwttPXDh5Jx7yb3HjzlT2nG+rZXVtfWNzdxWfntnd2/fPjhsqiiRFBo04pFs+0QBZwIammkO7VgCCX0OLX90PfVbDyAVi8SdHsfQDclAsIBRoo3Uswuip7CnWAj32MXnuIo9iBXjkcBnuGwemvTsolNyZsDLxM1IEWWo9+wvrx/RJAShKSdKdVwn1t2USM0oh0neSxTEhI7IADqGChKC6qazWyb4xCh9HETSlNB4pv6eSEmo1Dj0TWdI9FAtelPxP6+T6OCymzIRJxoEnX8UJBzrCE+DwX0mgWo+NoRQycyumA6JJFSb+PImBHfx5GXSLJfcaqlyWynWrrI4cugYFdApctEFqqEbVEcNRNEjekav6M16sl6sd+tj3rpiZTNH6A+szx81cZig</latexit>

ns ' 1� 6✏+ 2⌘
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Q1) What can be our inflaton?
—> Sole scalar particle in our Standard Model, the Higgs (with a non-minimal coupling to gravity) 

<latexit sha1_base64="YwEHAWPSJfiy+UiYhyWh4th+lxA="></latexit>

SJ =

Z
d4x

p
�gJ


1

2

⇣
M2

P + ⇠h†
JhJ

⌘
RJ � 1

2
|@µhJ |2 � V (hJ)

�

<latexit sha1_base64="PfeAed4AxIPEAJfoCGXE7p4QwfU="></latexit>

S =

Z
d4x

p
�g


1

2
M2

PR� 1

2
|@µh|2 � U(h)

�

<latexit sha1_base64="/CN78J/2gF5bKXPYhAH7ljn40z8=">AAACEXicbZDNSgMxFIUz9a/Wv6pLN8Ei1E2ZqaJuhKIb6cYKthU645BJM21okhmSjFCGvoIbX8WNC0XcunPn25hpu9DWC4HD+e7l5p4gZlRp2/62cguLS8sr+dXC2vrG5lZxe6elokRi0sQRi+RdgBRhVJCmppqRu1gSxANG2sHgMuPtByIVjcStHsbE46gnaEgx0sbyi+Wen7o8ga5IRvAcutec9BAs9/364X0VGlg3NIN+sWRX7HHBeeFMRQlMq+EXv9xuhBNOhMYMKdVx7Fh7KZKaYkZGBTdRJEZ4gHqkY6RAnCgvHV80ggfG6cIwkuYJDcfu74kUcaWGPDCdHOm+mmWZ+R/rJDo881Iq4kQTgSeLwoRBHcEsHtilkmDNhkYgLKn5K8R9JBHWJsSCCcGZPXletKoV56RydHNcql1M48iDPbAPysABp6AGrkADNAEGj+AZvII368l6sd6tj0lrzprO7II/ZX3+AFPZnBc=</latexit>

gµ⌫ = ⌦(hJ)
2gJµ⌫

<latexit sha1_base64="2uZq9/H5VAKnMC7IHKyHrMv4Yzk=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgtQkmqqBuh6EYEsYJ9QJOGyXTSDJ08mJmIJfQb3Pgrblwo4taVO//GaZuFth643MM59zJzjxszKqRhfGtz8wuLS8u5lfzq2vrGpr613RBRwjGp44hFvOUiQRgNSV1SyUgr5gQFLiNNt38x8pv3hAsahXdyEBM7QL2QehQjqSRHL1k3AekhWPSdq1KnAs+geQAtjyOcWg8U+p3KML12aqo5esEoG2PAWWJmpAAy1Bz9y+pGOAlIKDFDQrRNI5Z2irikmJFh3koEiRHuox5pKxqigAg7HZ80hPtK6UIv4qpCCcfq740UBUIMAldNBkj6Ytobif957UR6p3ZKwziRJMSTh7yEQRnBUT6wSznBkg0UQZhT9VeIfaTykCrFvArBnD55ljQqZfO4fHh7VKieZ3HkwC7YA0VgghNQBZegBuoAg0fwDF7Bm/akvWjv2sdkdE7LdnbAH2ifP03Em2Y=</latexit>

⌦(hJ)
2 = 1 +

⇠h2

M2
P

<latexit sha1_base64="moun5pOwJ4ibWS9nS6CGlRVysVM="></latexit>

U(h) ' �M4
P

4⇠2

✓
1 + e�

p
2
3

h
MP

◆�2

<latexit sha1_base64="2uZq9/H5VAKnMC7IHKyHrMv4Yzk=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgtQkmqqBuh6EYEsYJ9QJOGyXTSDJ08mJmIJfQb3Pgrblwo4taVO//GaZuFth643MM59zJzjxszKqRhfGtz8wuLS8u5lfzq2vrGpr613RBRwjGp44hFvOUiQRgNSV1SyUgr5gQFLiNNt38x8pv3hAsahXdyEBM7QL2QehQjqSRHL1k3AekhWPSdq1KnAs+geQAtjyOcWg8U+p3KML12aqo5esEoG2PAWWJmpAAy1Bz9y+pGOAlIKDFDQrRNI5Z2irikmJFh3koEiRHuox5pKxqigAg7HZ80hPtK6UIv4qpCCcfq740UBUIMAldNBkj6Ytobif957UR6p3ZKwziRJMSTh7yEQRnBUT6wSznBkg0UQZhT9VeIfaTykCrFvArBnD55ljQqZfO4fHh7VKieZ3HkwC7YA0VgghNQBZegBuoAg0fwDF7Bm/akvWjv2sdkdE7LdnbAH2ifP03Em2Y=</latexit>

⌦(hJ)
2 = 1 +

⇠h2

M2
P

0 1 2 3 4 5 6

1.×10-10
1.5×10-10
2.×10-10
2.5×10-10

<latexit sha1_base64="T8XTBmnD0oWhDZyo6GggaDfv+RU=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRmLiCXeVqEeiFy8mmLiAgZV0S4GGtrtpuyZkw6/w4kFjvPpzvPlvLLAHBV8yyct7M5mZF8acaeO6305uaXlldS2/XtjY3NreKe7u1XWUKEJ9EvFINUOsKWeS+oYZTpuxoliEnDbC4fXEbzxRpVkk780opoHAfcl6jGBjpQf/JL3t1B4r406x5JbdKdAi8TJSggy1TvGr3Y1IIqg0hGOtW54bmyDFyjDC6bjQTjSNMRniPm1ZKrGgOkinB4/RkVW6qBcpW9Kgqfp7IsVC65EIbafAZqDnvYn4n9dKTO8ySJmME0MlmS3qJRyZCE2+R12mKDF8ZAkmitlbERlghYmxGRVsCN78y4ukflr2zstnd5VS9SqLIw8HcAjH4MEFVOEGauADAQHP8ApvjnJenHfnY9aac7KZffgD5/MHAX+P5g==</latexit>

U/M4
P

• Theoretical issues reside? :  

• Naive cutoff scale appears at                   for 
<latexit sha1_base64="NoDIimi51f+rTD2fvkvWfzosZPc=">AAACBnicbVDLSsQwFE19juOr6lKE4CC4GloVdTnoxoXCCM4DpqWkaToTJklLkopD6cqNv+LGhSJu/QZ3/o2Zx0JnPBA4nHMuN/eEKaNKO863NTe/sLi0XFopr66tb2zaW9tNlWQSkwZOWCLbIVKEUUEammpG2qkkiIeMtML+5dBv3ROpaCLu9CAlPkddQWOKkTZSYO951yYcIegpyqEXS4Tzm6Be5N4DLWBgV5yqMwKcJe6EVMAE9cD+8qIEZ5wIjRlSquM6qfZzJDXFjBRlL1MkRbiPuqRjqECcKD8fnVHAA6NEME6keULDkfp7IkdcqQEPTZIj3VPT3lD8z+tkOj73cyrSTBOBx4vijEGdwGEnMKKSYM0GhiAsqfkrxD1kqtCmubIpwZ0+eZY0j6ruafX49qRSu5jUUQK7YB8cAhecgRq4AnXQABg8gmfwCt6sJ+vFerc+xtE5azKzA/7A+vwBnMqYmA==</latexit>

⇤ ⇠ MP

⇠

<latexit sha1_base64="nJlWg/zUmE8bVkWK9P44dQWTbKE=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMFXVZdOPOCvYBnbFk0rQNTTJDkhHLUHDjr7hxoYhbf8Kdf2OmnYW2HrhwOOde7r0niBhV2nG+rdzC4tLySn61sLa+sbllb+80VBhLTOo4ZKFsBUgRRgWpa6oZaUWSIB4w0gyGl6nfvCdS0VDc6lFEfI76gvYoRtpIHXvPe6DQU5RDjyM9wIgl1+OS69xVjjp20Sk7E8B54makCDLUOvaX1w1xzInQmCGl2q4TaT9BUlPMyLjgxYpECA9Rn7QNFYgT5SeTH8bw0Chd2AulKaHhRP09kSCu1IgHpjM9VM16qfif145179xPqIhiTQSeLurFDOoQpoHALpUEazYyBGFJza0QD5BEWJvYCiYEd/bledI4Lrun5crNSbF6kcWRB/vgAJSAC85AFVyBGqgDDB7BM3gFb9aT9WK9Wx/T1pyVzeyCP7A+fwA2v5aZ</latexit>

⇠ ⇠ O(103)

<latexit sha1_base64="qqeM/I0sMWOJJLicytdRQ3Vphc8=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJioUoKAsYKFsYi0YfUpJXjOK1V24lsB1FF+QAWfoWFAYRY+QA2/ga3zQAtR7J0dM65ur7HjxlV2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRmDRxxCLZ8ZEijArS1FQz0oklQdxnpO2Prid++55IRSNxp8cx8TgaCBpSjLSR+uWKG0qEU5eZkQBlqftAe7UMuopy6Ni99MSxM5Oyq/YUcJE4OamAHI1++csNIpxwIjRmSKmuY8faS5HUFDOSldxEkRjhERqQrqECcaK8dHpMBo+MEsAwkuYJDafq74kUcaXG3DdJjvRQzXsT8T+vm+jw0kupiBNNBJ4tChMGdQQnzcCASoI1GxuCsKTmrxAPkWlHm/5KpgRn/uRF0qpVnfPq6e1ZpX6V11EEB+AQHAMHXIA6uAEN0AQYPIJn8ArerCfrxXq3PmbRgpXP7IM/sD5/AJvimq0=</latexit>

�

⇠2
⇠ 10�10

—> achievable when considering SM running

—> Issues in the (p)reheating era, unitarity problem?   

<latexit sha1_base64="59MqIOR9qiKaJ+wYYJ48D4+doQU=">AAAB9HicbVDLSgMxFL2pr1pfVZdugkVwVWZE1GXRjcsK9gGdoWQymTY0kxmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTcnSAXXxnG+UWltfWNzq7xd2dnd2z+oHh61dZIpylo0EYnqBkQzwSVrGW4E66aKkTgQrBOM7mZ+Z8yU5ol8NJOU+TEZSB5xSoyVfE/YaEiwJwR2+9WaU3fmwKvELUgNCjT71S8vTGgWM2moIFr3XCc1fk6U4VSwacXLNEsJHZEB61kqScy0n8+PnuIzq4Q4SpR90uC5+nsiJ7HWkziwyZiYoV72ZuJ/Xi8z0Y2fc5lmhkm6WBRlApsEzxrAIVeMGjGxhFDF7a2YDoki1NieKrYEd/nLq6R9UXev6pcPl7XGbVFHGU7gFM7BhWtowD00oQUUnuAZXuENjdELekcfi2gJFTPH8Afo8wewbJFn</latexit>

� ⌧ 1

[F. Bezrukov, M. Shaposhnikov, 0710.3755]  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Q1) What can be our inflaton?
Considering dim-4 operators,  present as well!R2

SJ =

Z
d4x

p
�gJ


M2

P

2

✓
RJ +

⇠h2

M2
P

RJ +
R2

J

6M2

◆
� 1

2
gµ⌫rµhr⌫h� �

4
h4

�
,

<latexit sha1_base64="MYPL7IHsAOZMwm6nYt/7xYmn7x0="></latexit>

non minimal coupling term HiggsR2
<latexit sha1_base64="T3vY3rd1NRo+5YYQrXGMA8b31fI=">AAAB/3icdVDJSgNBEO2JW4xb1KOXxiB4Gnomk8VbwIvHuCQRkjH09PQkTXoWunuEMOTgB3jVT/AmXv0Uv8DfsLMIRvRBweO9KqpeeQlnUiH0YeRWVtfWN/Kbha3tnd294v5BW8apILRFYh6LWw9LyllEW4opTm8TQXHocdrxRudTv3NPhWRxdKPGCXVDPIhYwAhWWrq+urP7xRIykVOpODZEZrlWrVtIk2rNcdAZtEw0Qwks0OwXP3t+TNKQRopwLGXXQolyMywUI5xOCr1U0gSTER7QrqYRDql0s9mpE3iiFR8GsdAVKThTf05kOJRyHHq6M8RqKH97U/Evr5uqoO5mLEpSRSMyXxSkHKoYTnNDnwlKFB9rgolg+lZIhlhgovR3lrZIHWpI/UlBf+Y7PvyftG3TKpv2pVNqVBc/yoMjcAxOgQVqoAEuQBO0AAED8AiewLPxYLwYr8bbvDVnLGYOwRKM9y8dWpaW</latexit>

Conformal transformation into Einstein frame 
<latexit sha1_base64="PfYWTXuCbf0BaT0+QMOeu2E3d6M="> /DeT2ZfZ6Ph9b8cueoaeo33kowN0jD6hOVog4rx1Iid3mPvOTdy1W3RXXafXPEVXwr34A6HX1mM=</latexit>
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�

<latexit sha1_base64="R14V53INNGFNyZ8jQPQ6yerCayw="></latexit>
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�e↵(µ)

4
h4

)

[Y. Ema, Phys. Lett. B770:403-411, 2017]

[Y-C. Wang, T. Wang, Phys. Rev. D96(12):123506, 2017]

[M.He, A. A. Starobinsky, J. Yokoyama, JCAP, 1805(05):064, 2018]
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Q1) What can be our inflaton? —> Higgs +  R2

<latexit sha1_base64="XIaD+PxT/eoH7FHRidqIxhX3ASw=">AAACDXicbVDJSgNBEO1xjXEb9eilMQoJhDAjQT0GvXiMYBZIQujpVJImPYvdNWIY8gNe/BUvHhTx6t2bf2NnOWjig4LHe1XdVc+LpNDoON/W0vLK6tp6aiO9ubW9s2vv7Vd1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yN/do9KC3C4BaHEbR81gtEV3CGRmrbx02EB5y8kyjojJKszvdztKmFD3c06+Sd3Ii27YxTcCagi8SdkQyZody2v5qdkMc+BMgl07rhOhG2EqZQcAmjdDPWEDE+YD1oGBowH3QrmWwxoidG6dBuqEwFSCfq74mE+VoPfc90+gz7et4bi/95jRi7F61EBFGMEPDpR91YUgzpOBraEQo4yqEhjCthdqW8zxTjaAJMmxDc+ZMXSfW04J4VijfFTOlyFkeKHJIjkiUuOSclck3KpEI4eSTP5JW8WU/Wi/VufUxbl6zZzAH5A+vzB54kmpc=</latexit>

(s, h) ' (0, 0)

<latexit sha1_base64="NlQs6NtRnQrjLX+ezDAiBLfPZ2g="></latexit>
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<latexit sha1_base64="NkkhioBTk9f8zpAe25LNxLqNLKY="></latexit>
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MP > MP Theory unitarized through the scalaron!  
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Higgs Self Coupling Running
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<latexit sha1_base64="3/HS8pmuF8fqEv6QQKZ3EzsWHSo=">AAACHnicbVDJSgNBEO1xjXEb9eilMQgeNMxEIV6EoAe9CBHMAkkIPZ1K0qRnobtGDEOufocf4FU/wZt41S/wN+wsB5P4oOnHe1VU1fMiKTQ6zre1sLi0vLKaWkuvb2xubds7u2UdxopDiYcyVFWPaZAigBIKlFCNFDDfk1DxeldDv/IASoswuMd+BA2fdQLRFpyhkZo2vW0ivaBu3s3m6In5T7O5+jGtIzxicg3lQdPOOFlnBDpP3AnJkAmKTfun3gp57EOAXDKta64TYSNhCgWXMEjXYw0R4z3WgZqhAfNBN5LRJQN6aJQWbYfKvADpSP3bkTBf677vmUqfYVfPekPxP68WY/u8kYggihECPh7UjiXFkA5joS2hgKPsG8K4EmZXyrtMMY4mvKkp2hzVhdYgbZJxZ3OYJ+Vc1jWZ3p1lCpeTjFJknxyQI+KSPCmQG1IkJcLJE3khr+TNerberQ/rc1y6YE169sgUrK9faAGfiQ==</latexit>

<latexit sha1_base64="FZqEHKUfOV1ilbDRuj2m+x9gn7k=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiSlqMuiG5cV7AOaWCbTSTt0JklnboQSCv6KGxeKuPU73Pk3TtsstPXA5R7OuZe5c4JEcA2O822trK6tb2wWtorbO7t7+/bBYVPHqaKsQWMRq3ZANBM8Yg3gIFg7UYzIQLBWMLyZ+q1HpjSPo3sYJ8yXpB/xkFMCRurax55Msae5ZCPTRgqywUNl0rVLTtmZAS8TNycllKPetb+8XkxTySKggmjdcZ0E/Iwo4FSwSdFLNUsIHZI+6xgaEcm0n83On+Azo/RwGCtTEeCZ+nsjI1LrsQzMpCQw0IveVPzP66QQXvkZj5IUWETnD4WpwBDjaRa4xxWjIMaGEKq4uRXTAVGEgkmsaEJwF7+8TJqVsntRrt5VS7XrPI4COkGn6By56BLV0C2qowaiKEPP6BW9WU/Wi/VufcxHV6x85wj9gfX5AxXXlZU=</latexit>

µ '
p
h2

<latexit sha1_base64="BidnAt9/FV0nXOIzbDfX1iEB3PY=">AAACDHicbVDLSgMxFM3UV62vqks3wSJU0DIjRV0W3bgRKtgHdGrJpGkbmmSG5I5Yhn6AG3/FjQtF3PoB7vwb08dCWw8EDuecy809QSS4Adf9dlILi0vLK+nVzNr6xuZWdnunasJYU1ahoQh1PSCGCa5YBTgIVo80IzIQrBb0L0d+7Z5pw0N1C4OINSXpKt7hlICVWtmcL+OWD+wBEsnVEPtc4bzn3iXH3vAIe/jwulW2KbfgjoHniTclOTSFzX/57ZDGkimgghjT8NwImgnRwKlgw4wfGxYR2idd1rBUEclMMxkfM8QHVmnjTqjtU4DH6u+JhEhjBjKwSUmgZ2a9kfif14ihc95MuIpiYIpOFnVigSHEo2Zwm2tGQQwsIVRz+1dMe0QTCra/jC3Bmz15nlRPCt5poXhTzJUupnWk0R7aR3nkoTNUQleojCqIokf0jF7Rm/PkvDjvzsckmnKmM7voD5zPH8OzmX4=</latexit>

µmin 2 (10�1, 1)MP

Choosing 
<latexit sha1_base64="Qfo5JwPdHCVtqEQkHvT7eEZD8VM="></latexit>
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<latexit sha1_base64="1M+Vw3pUimrlElvhUIzZ3G03QOw=">AAACAHicbVA9SwNBEN2LXzF+RS0sbBaDYBXuQvwogzY2QkSTCLkz7G3mkiW7d+funhCONP4VGwtFbP0Zdv4bN8kVmvhg4PHeDDPz/JgzpW3728otLC4tr+RXC2vrG5tbxe2dpooSSaFBIx7JO58o4CyEhmaaw10sgQifQ8sfXIz91iNIxaLwVg9j8ATphSxglGgjdYp7rg+adCr36c3VCLuKCXjAdvm4UyzZZXsCPE+cjJRQhnqn+OV2I5oICDXlRKm2Y8faS4nUjHIYFdxEQUzogPSgbWhIBCgvnTwwwodG6eIgkqZCjSfq74mUCKWGwjedgui+mvXG4n9eO9HBmZeyME40hHS6KEg41hEep4G7TALVfGgIoZKZWzHtE0moNpkVTAjO7MvzpFkpOyfl6nW1VDvP4sijfXSAjpCDTlENXaI6aiCKRugZvaI368l6sd6tj2lrzspmdtEfWJ8/CUuVZw==</latexit>

�SM
2 ' 0.5

Critical values where 
<latexit sha1_base64="LPM1CjRPv0ojT1c6hmA6kVSGVsY=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVgSpBVWGsYGGjSPQhNaFyXLe1ajuR7SBVUX6AhV9hYQAhVnY2/gan7QAtR7J0dM658r0niBhV2nG+rdzS8srqWn69sLG5tb1j7+41VRhLTBo4ZKFsB0gRRgVpaKoZaUeSIB4w0gpGV5nfeiBS0VDc6XFEfI4GgvYpRtpIXfvIYybcQ13uKcqhx5EeYsSSmxSWXOc+Oa2mJ7BrF52yMwFcJO6MFMEM9a795fVCHHMiNGZIqY7rRNpPkNQUM5IWvFiRCOERGpCOoQJxovxkck0Kj43Sg/1Qmic0nKi/JxLElRrzwCSzbdW8l4n/eZ1Y9y/8hIoo1kTg6Uf9mEEdwqwa2KOSYM3GhiAsqdkV4iGSCGtTYMGU4M6fvEiaZ2W3Wq7cVoq1y1kdeXAADkEJuOAc1MA1qIMGwOARPINX8GY9WS/Wu/Uxjeas2cw++APr8weOIZqS</latexit>

�m ⇠ O(10�6) possible
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[M. He, et. al,. PLB, 791, 36-42  (2019).]

[F. Bezrukov, et. al,. PLB, 795, 657-665 (2019).]

[M. He, et. al,  JCAP 01 (2021) 066.] 

[F. Bezrukov, C. Shepherd JCAP 12 ( 2020) 028.]

[S. Aoki et. al,  arXiv:2202.13063 ], and many more

<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

<latexit sha1_base64="PKP/G/k7PwOhGBALkdr6Fd5PpYs=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2m2bp7ibsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8IOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8CaciZp2zDDaS9RFIuA024wucv97hNVmsXy0UwT6gs8lixkBJtcGiQRG1Zrbt2dA60SryA1KNAaVr8Go5ikgkpDONa677mJ8TOsDCOcziqDVNMEkwke076lEguq/Wx+6wydWWWEwljZkgbN1d8TGRZaT0VgOwU2kV72cvE/r5+a8MbPmExSQyVZLApTjkyM8sfRiClKDJ9agoli9lZEIqwwMTaeig3BW355lXQu6t5V/fKhUWveFnGU4QRO4Rw8uIYm3EML2kAggmd4hTdHOC/Ou/OxaC05xcwx/IHz+QMWJI5H</latexit>

�

<latexit sha1_base64="kmpK3cxLy+QbFiee5Q1h7ie9QDA=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSJ4qrta1GPRixehgtsW2rVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dpeWV1bb2wUdzc2t7ZLe3tN7RMFaE+kVyqVog15UxQ3zDDaStRFMchp81weDPxm09UaSbFgxklNIhxX7CIEWys1PRP77r1x2q3VHYr7hRokXg5KUOOerf01elJksZUGMKx1m3PTUyQYWUY4XRc7KSaJpgMcZ+2LRU4pjrIpueO0bFVeiiSypYwaKr+nshwrPUoDm1njM1Az3sT8T+vnZroKsiYSFJDBZktilKOjEST31GPKUoMH1mCiWL2VkQGWGFibEJFG4I3//IiaZxVvIvK+X21XLvO4yjAIRzBCXhwCTW4hTr4QGAIz/AKb07ivDjvzsesdcnJZw7gD5zPHzonjto=</latexit>

U/M4
P

• Shape of the potential? Focus on constant  for simplicity λ
• “Valley” structure, trajectory (initially) follows,

<latexit sha1_base64="R0H6V3SyAqoSHjadEn3MkHtVKYw="></latexit>
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e
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P
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for � > 0

<latexit sha1_base64="pl2QCcrVflJMmDdWnBqmJfHEsrk=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsICWRom6EohuXFUxbaEKZTCft0MkkzEyEEvIJbvwVNy4UcevSnX/jpA2o1QMXDufcO3Pv8WNGpbKsT6O0sLi0vFJeraytb2xumds7bRklAhMHRywSXR9JwignjqKKkW4sCAp9Rjr++Cr3O3dESBrxWzWJiReiIacBxUhpqW8euoFAOHVjJBRFDDo1eTw6yr6FEczgBbT6ZtWqW1PAv8QuSBUUaPXND3cQ4SQkXGGGpOzZVqy8NH8VM5JV3ESSGOExGpKephyFRHrp9KAMHmhlAINI6OIKTtWfEykKpZyEvu4MkRrJeS8X//N6iQrOvZTyOFGE49lHQcKgimCeDhxQQbBiE00QFlTvCvEI6YSUzrCiQ7DnT/5L2id1+7TeuGlUm5dFHGWwB/ZBDdjgDDTBNWgBB2BwDx7BM3gxHown49V4m7WWjGJmF/yC8f4F5YGb1g==</latexit>

@U(s, h)

@h
= 0

➡ Isocurvature mass heavier than the Hubble 
scale, suppression in perturbations

➡ Flat plateau induced in the large  limit. s

• “Tachyonic Direction” at  for  h = 0 s > 0
➡ Studies focused on a “tachyonic instability" 

during (p)reheating

• Previous studies focused on inflationary 
dynamics inside the valley, but rich phenomena also 
on the hill.
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<latexit sha1_base64="UYImuGk/6CAx0v00d0CHkX4M9fg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJVE6mMjFN24ESrYB7QhTKaTduhkEmZuxBKy8VfcuFDErZ/hzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eD32Ww9MaR7JexjFzA1JX/KAUwJG8kr7A68L7BHSkMsMX2K74pziW6/ulcp2xZ4AzxMnJ2WUw+S/ur2IJiGTQAXRuuPYMbgpUcCpYFmxm2gWEzokfdYxVJKQaTedHJDhI6P0cBAp8yTgifp7IiWh1qPQN8mQwEDPemPxP6+TQHDhplzGCTBJp4uCRGCI8LgN3OOKURAjQwhV3PwV0wFRhILprGhKcGZPnifNk4pzVqneVcu1q7yOAjpAh+gYOegc1dANqqMGoihDz+gVvVlP1ov1bn1MowtWPrOH/sD6/AGXipUb</latexit>

hmin = 0.15MP

<latexit sha1_base64="2zxyuIW39Hj5wi7J71JgOOhnm84=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBjcNMqY+NUHTjplDBPqAdSyZN29BMZkjuCGWoG3/FjQtF3PoX7vwb03YW2nogcDjnXG7u8SPBNTjOt7WwuLS8sppZy65vbG5t53Z2azqMFWVVGopQNXyimeCSVYGDYI1IMRL4gtX9wfXYrz8wpXko72AYMS8gPcm7nBIwUju3X8aXuGgXWsADprHr3Ccnp6Nyu9LO5R3bmQDPEzcleZTC5L9anZDGAZNABdG66ToReAlRwKlgo2wr1iwidEB6rGmoJGafl0wuGOEjo3RwN1TmScAT9fdEQgKth4FvkgGBvp71xuJ/XjOG7oWXcBnFwCSdLurGAkOIx3XgDleMghgaQqji5q+Y9okiFExpWVOCO3vyPKkVbPfMLt4W86WrtI4MOkCH6Bi56ByV0A2qoCqi6BE9o1f0Zj1ZL9a79TGNLljpzB76A+vzBwBWlLU=</latexit>

M = 4.2⇥ 10�5MP

<latexit sha1_base64="4drG7gX0KMxtcFdKI8bv7oq2od4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVYvUgFL14rGA/oF1KNs22odlkTbJiWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNldrdJ4auUPWyVyy5ZXcGtEy8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6KXQTTWNMRnhAO5YKHFHtp7N7J+jEKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOGnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPyt55uXJXKdWuszjycATHcAoeVKEGt1CHBhDg8Ayv8OY8OC/Ou/Mxb8052cwh/IHz+QOGoI79</latexit>

⇠ = 79
<latexit sha1_base64="a7XZ5qI4eS22LC9P8aO0G+4kIvA=">AAACE3icbVDLSgMxFM34rPVVdekmWAQRLDNS2m6EohuXFewDOmPJpGkbmskMyR2xDP0HN/6KGxeKuHXjzr8xbWehrQcCh3PO5eYePxJcg21/W0vLK6tr65mN7ObW9s5ubm+/ocNYUVanoQhVyyeaCS5ZHTgI1ooUI4EvWNMfXk385j1TmofyFkYR8wLSl7zHKQEjdXKnrjDhLum4wB4gCbgc4wtcLDiOXSm7wAOmsWPfJWelcSeXtwv2FHiROCnJoxS1Tu7L7YY0DpgEKojWbceOwEuIAk4FG2fdWLOI0CHps7ahkphlXjK9aYyPjdLFvVCZJwFP1d8TCQm0HgW+SQYEBnrem4j/ee0YehUv4TKKgUk6W9SLBYYQTwrCXa4YBTEyhFDFzV8xHRBFKJgas6YEZ/7kRdI4LzilQvGmmK9epnVk0CE6QifIQWVURdeohuqIokf0jF7Rm/VkvVjv1scsumSlMwfoD6zPHyPYnGk=</latexit>

�min = 4.11087⇥ 10�6<latexit sha1_base64="kTZSEWqpVE7pCZK2r/lKVy7tM+I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUp9bERim5cVrAPaGOZTCft0MkkzEyEEuqvuHGhiFs/xJ1/47TNQlsPXDiccy/33uPHnCntON9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kc3U7/1SKVikbjX45h6IR4IFjCCtZF6dtFHV6jS1SykCrnOQ3p6NunZJafszICWiZuREmSo9+yvbj8iSUiFJhwr1XGdWHsplpoRTieFbqJojMkID2jHUIHNMi+dHT9Bx0bpoyCSpoRGM/X3RIpDpcahbzpDrIdq0ZuK/3mdRAeXXspEnGgqyHxRkHCkIzRNAvWZpETzsSGYSGZuRWSIJSba5FUwIbiLLy+TZqXsnperd9VS7TqLIw+HcAQn4MIF1OAW6tAAAmN4hld4s56sF+vd+pi35qxspgh/YH3+ADpqkzo=</latexit>

b = 2⇥ 10�5
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<latexit sha1_base64="r34EP3975XI1nRXjmeCL4Tu5aBo=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqLuiG5dV7AOaGCbTSTt0kgwzE6GEfIIbf8WNC0XcunTn3zhpg2jrgYHDOfcy9xyfMyqVZX0ZC4tLyyurpbXy+sbm1ra5s9uWcSIwaeGYxaLrI0kYjUhLUcVIlwuCQp+Rjj+6zP3OPRGSxtGtGnPihmgQ0YBipLTkmUdOiNQQI5Y2M++H32SwOjqGDhcxVzEc3dU9s2LVrAngPLELUgEFmp756fRjnIQkUpghKXu2xZWbIqEoZiQrO4kkHOERGpCephEKiXTTSaAMHmqlD4NY6BcpOFF/b6QolHIc+noyP1nOern4n9dLVHDmpjTiiSIRnn4UJAzqkHk7sE8FwYqNNUFYUH0rxEMkEFa6w7IuwZ6NPE/aJzW7Xju/rlcaF0UdJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+HV0wip098AfGxzc5wpyz</latexit>

• USR phase induced by . 
Inflaton always rolls down the 
well defined valley

• , Growth in the curvature 
perturbation

• Growth proportional to 

λ(h)

η > 3

∝ k4
<latexit sha1_base64="rTY8A/41fKd2STNcY2eiXTDuu2Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0OeM9Q==</latexit>

h

<latexit sha1_base64="jGnO3r1acxhB5ey6K8sAzv9JIt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAq elbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6zWmrVK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8ftBuM4g==</latexit>

U

Near inflection-point

CMB Plateau
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<latexit sha1_base64="UYImuGk/6CAx0v00d0CHkX4M9fg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJVE6mMjFN24ESrYB7QhTKaTduhkEmZuxBKy8VfcuFDErZ/hzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eD32Ww9MaR7JexjFzA1JX/KAUwJG8kr7A68L7BHSkMsMX2K74pziW6/ulcp2xZ4AzxMnJ2WUw+S/ur2IJiGTQAXRuuPYMbgpUcCpYFmxm2gWEzokfdYxVJKQaTedHJDhI6P0cBAp8yTgifp7IiWh1qPQN8mQwEDPemPxP6+TQHDhplzGCTBJp4uCRGCI8LgN3OOKURAjQwhV3PwV0wFRhILprGhKcGZPnifNk4pzVqneVcu1q7yOAjpAh+gYOegc1dANqqMGoihDz+gVvVlP1ov1bn1MowtWPrOH/sD6/AGXipUb</latexit>

hmin = 0.15MP

<latexit sha1_base64="2zxyuIW39Hj5wi7J71JgOOhnm84=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBjcNMqY+NUHTjplDBPqAdSyZN29BMZkjuCGWoG3/FjQtF3PoX7vwb03YW2nogcDjnXG7u8SPBNTjOt7WwuLS8sppZy65vbG5t53Z2azqMFWVVGopQNXyimeCSVYGDYI1IMRL4gtX9wfXYrz8wpXko72AYMS8gPcm7nBIwUju3X8aXuGgXWsADprHr3Ccnp6Nyu9LO5R3bmQDPEzcleZTC5L9anZDGAZNABdG66ToReAlRwKlgo2wr1iwidEB6rGmoJGafl0wuGOEjo3RwN1TmScAT9fdEQgKth4FvkgGBvp71xuJ/XjOG7oWXcBnFwCSdLurGAkOIx3XgDleMghgaQqji5q+Y9okiFExpWVOCO3vyPKkVbPfMLt4W86WrtI4MOkCH6Bi56ByV0A2qoCqi6BE9o1f0Zj1ZL9a79TGNLljpzB76A+vzBwBWlLU=</latexit>

M = 4.2⇥ 10�5MP

<latexit sha1_base64="4drG7gX0KMxtcFdKI8bv7oq2od4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVYvUgFL14rGA/oF1KNs22odlkTbJiWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNldrdJ4auUPWyVyy5ZXcGtEy8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6KXQTTWNMRnhAO5YKHFHtp7N7J+jEKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOGnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPyt55uXJXKdWuszjycATHcAoeVKEGt1CHBhDg8Ayv8OY8OC/Ou/Mxb8052cwh/IHz+QOGoI79</latexit>

⇠ = 79
<latexit sha1_base64="a7XZ5qI4eS22LC9P8aO0G+4kIvA=">AAACE3icbVDLSgMxFM34rPVVdekmWAQRLDNS2m6EohuXFewDOmPJpGkbmskMyR2xDP0HN/6KGxeKuHXjzr8xbWehrQcCh3PO5eYePxJcg21/W0vLK6tr65mN7ObW9s5ubm+/ocNYUVanoQhVyyeaCS5ZHTgI1ooUI4EvWNMfXk385j1TmofyFkYR8wLSl7zHKQEjdXKnrjDhLum4wB4gCbgc4wtcLDiOXSm7wAOmsWPfJWelcSeXtwv2FHiROCnJoxS1Tu7L7YY0DpgEKojWbceOwEuIAk4FG2fdWLOI0CHps7ahkphlXjK9aYyPjdLFvVCZJwFP1d8TCQm0HgW+SQYEBnrem4j/ee0YehUv4TKKgUk6W9SLBYYQTwrCXa4YBTEyhFDFzV8xHRBFKJgas6YEZ/7kRdI4LzilQvGmmK9epnVk0CE6QifIQWVURdeohuqIokf0jF7Rm/VkvVjv1scsumSlMwfoD6zPHyPYnGk=</latexit>

�min = 4.11087⇥ 10�6<latexit sha1_base64="kTZSEWqpVE7pCZK2r/lKVy7tM+I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUp9bERim5cVrAPaGOZTCft0MkkzEyEEuqvuHGhiFs/xJ1/47TNQlsPXDiccy/33uPHnCntON9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kc3U7/1SKVikbjX45h6IR4IFjCCtZF6dtFHV6jS1SykCrnOQ3p6NunZJafszICWiZuREmSo9+yvbj8iSUiFJhwr1XGdWHsplpoRTieFbqJojMkID2jHUIHNMi+dHT9Bx0bpoyCSpoRGM/X3RIpDpcahbzpDrIdq0ZuK/3mdRAeXXspEnGgqyHxRkHCkIzRNAvWZpETzsSGYSGZuRWSIJSba5FUwIbiLLy+TZqXsnperd9VS7TqLIw+HcAQn4MIF1OAW6tAAAmN4hld4s56sF+vd+pi35qxspgh/YH3+ADpqkzo=</latexit>

b = 2⇥ 10�5
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<latexit sha1_base64="r34EP3975XI1nRXjmeCL4Tu5aBo=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqLuiG5dV7AOaGCbTSTt0kgwzE6GEfIIbf8WNC0XcunTn3zhpg2jrgYHDOfcy9xyfMyqVZX0ZC4tLyyurpbXy+sbm1ra5s9uWcSIwaeGYxaLrI0kYjUhLUcVIlwuCQp+Rjj+6zP3OPRGSxtGtGnPihmgQ0YBipLTkmUdOiNQQI5Y2M++H32SwOjqGDhcxVzEc3dU9s2LVrAngPLELUgEFmp756fRjnIQkUpghKXu2xZWbIqEoZiQrO4kkHOERGpCephEKiXTTSaAMHmqlD4NY6BcpOFF/b6QolHIc+noyP1nOern4n9dLVHDmpjTiiSIRnn4UJAzqkHk7sE8FwYqNNUFYUH0rxEMkEFa6w7IuwZ6NPE/aJzW7Xju/rlcaF0UdJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+HV0wip098AfGxzc5wpyz</latexit>

• USR phase induced by . 
Inflaton always rolls down the 
well defined valley

• , Growth in the curvature 
perturbation

• Growth proportional to 

λ(h)

η > 3

∝ k4
<latexit sha1_base64="rTY8A/41fKd2STNcY2eiXTDuu2Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0OeM9Q==</latexit>

h

<latexit sha1_base64="jGnO3r1acxhB5ey6K8sAzv9JIt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAq elbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6zWmrVK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8ftBuM4g==</latexit>

U

Near inflection-point

CMB Plateau

<latexit sha1_base64="Z+y0E79arH7WUjfMrRLiQs+zniY="></latexit>

PR(k) / H
2

✏
e
(4⌘�6)Ht
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<latexit sha1_base64="UYImuGk/6CAx0v00d0CHkX4M9fg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJVE6mMjFN24ESrYB7QhTKaTduhkEmZuxBKy8VfcuFDErZ/hzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eD32Ww9MaR7JexjFzA1JX/KAUwJG8kr7A68L7BHSkMsMX2K74pziW6/ulcp2xZ4AzxMnJ2WUw+S/ur2IJiGTQAXRuuPYMbgpUcCpYFmxm2gWEzokfdYxVJKQaTedHJDhI6P0cBAp8yTgifp7IiWh1qPQN8mQwEDPemPxP6+TQHDhplzGCTBJp4uCRGCI8LgN3OOKURAjQwhV3PwV0wFRhILprGhKcGZPnifNk4pzVqneVcu1q7yOAjpAh+gYOegc1dANqqMGoihDz+gVvVlP1ov1bn1MowtWPrOH/sD6/AGXipUb</latexit>

hmin = 0.15MP

<latexit sha1_base64="2zxyuIW39Hj5wi7J71JgOOhnm84=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBjcNMqY+NUHTjplDBPqAdSyZN29BMZkjuCGWoG3/FjQtF3PoX7vwb03YW2nogcDjnXG7u8SPBNTjOt7WwuLS8sppZy65vbG5t53Z2azqMFWVVGopQNXyimeCSVYGDYI1IMRL4gtX9wfXYrz8wpXko72AYMS8gPcm7nBIwUju3X8aXuGgXWsADprHr3Ccnp6Nyu9LO5R3bmQDPEzcleZTC5L9anZDGAZNABdG66ToReAlRwKlgo2wr1iwidEB6rGmoJGafl0wuGOEjo3RwN1TmScAT9fdEQgKth4FvkgGBvp71xuJ/XjOG7oWXcBnFwCSdLurGAkOIx3XgDleMghgaQqji5q+Y9okiFExpWVOCO3vyPKkVbPfMLt4W86WrtI4MOkCH6Bi56ByV0A2qoCqi6BE9o1f0Zj1ZL9a79TGNLljpzB76A+vzBwBWlLU=</latexit>

M = 4.2⇥ 10�5MP

<latexit sha1_base64="4drG7gX0KMxtcFdKI8bv7oq2od4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVYvUgFL14rGA/oF1KNs22odlkTbJiWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNldrdJ4auUPWyVyy5ZXcGtEy8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6KXQTTWNMRnhAO5YKHFHtp7N7J+jEKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOGnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPyt55uXJXKdWuszjycATHcAoeVKEGt1CHBhDg8Ayv8OY8OC/Ou/Mxb8052cwh/IHz+QOGoI79</latexit>

⇠ = 79
<latexit sha1_base64="a7XZ5qI4eS22LC9P8aO0G+4kIvA=">AAACE3icbVDLSgMxFM34rPVVdekmWAQRLDNS2m6EohuXFewDOmPJpGkbmskMyR2xDP0HN/6KGxeKuHXjzr8xbWehrQcCh3PO5eYePxJcg21/W0vLK6tr65mN7ObW9s5ubm+/ocNYUVanoQhVyyeaCS5ZHTgI1ooUI4EvWNMfXk385j1TmofyFkYR8wLSl7zHKQEjdXKnrjDhLum4wB4gCbgc4wtcLDiOXSm7wAOmsWPfJWelcSeXtwv2FHiROCnJoxS1Tu7L7YY0DpgEKojWbceOwEuIAk4FG2fdWLOI0CHps7ahkphlXjK9aYyPjdLFvVCZJwFP1d8TCQm0HgW+SQYEBnrem4j/ee0YehUv4TKKgUk6W9SLBYYQTwrCXa4YBTEyhFDFzV8xHRBFKJgas6YEZ/7kRdI4LzilQvGmmK9epnVk0CE6QifIQWVURdeohuqIokf0jF7Rm/VkvVjv1scsumSlMwfoD6zPHyPYnGk=</latexit>

�min = 4.11087⇥ 10�6<latexit sha1_base64="kTZSEWqpVE7pCZK2r/lKVy7tM+I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUp9bERim5cVrAPaGOZTCft0MkkzEyEEuqvuHGhiFs/xJ1/47TNQlsPXDiccy/33uPHnCntON9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kc3U7/1SKVikbjX45h6IR4IFjCCtZF6dtFHV6jS1SykCrnOQ3p6NunZJafszICWiZuREmSo9+yvbj8iSUiFJhwr1XGdWHsplpoRTieFbqJojMkID2jHUIHNMi+dHT9Bx0bpoyCSpoRGM/X3RIpDpcahbzpDrIdq0ZuK/3mdRAeXXspEnGgqyHxRkHCkIzRNAvWZpETzsSGYSGZuRWSIJSba5FUwIbiLLy+TZqXsnperd9VS7TqLIw+HcAQn4MIF1OAW6tAAAmN4hld4s56sF+vd+pi35qxspgh/YH3+ADpqkzo=</latexit>

b = 2⇥ 10�5
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<latexit sha1_base64="r34EP3975XI1nRXjmeCL4Tu5aBo=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqLuiG5dV7AOaGCbTSTt0kgwzE6GEfIIbf8WNC0XcunTn3zhpg2jrgYHDOfcy9xyfMyqVZX0ZC4tLyyurpbXy+sbm1ra5s9uWcSIwaeGYxaLrI0kYjUhLUcVIlwuCQp+Rjj+6zP3OPRGSxtGtGnPihmgQ0YBipLTkmUdOiNQQI5Y2M++H32SwOjqGDhcxVzEc3dU9s2LVrAngPLELUgEFmp756fRjnIQkUpghKXu2xZWbIqEoZiQrO4kkHOERGpCephEKiXTTSaAMHmqlD4NY6BcpOFF/b6QolHIc+noyP1nOern4n9dLVHDmpjTiiSIRnn4UJAzqkHk7sE8FwYqNNUFYUH0rxEMkEFa6w7IuwZ6NPE/aJzW7Xju/rlcaF0UdJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+HV0wip098AfGxzc5wpyz</latexit>

• USR phase induced by . 
Inflaton always rolls down the 
well defined valley

• , Growth in the curvature 
perturbation

• Growth proportional to 

λ(h)

η > 3

∝ k4
<latexit sha1_base64="rTY8A/41fKd2STNcY2eiXTDuu2Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0OeM9Q==</latexit>

h

<latexit sha1_base64="jGnO3r1acxhB5ey6K8sAzv9JIt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAq elbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6zWmrVK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8ftBuM4g==</latexit>

U

Near inflection-point

CMB Plateau

<latexit sha1_base64="Z+y0E79arH7WUjfMrRLiQs+zniY="></latexit>

PR(k) / H
2

✏
e
(4⌘�6)Ht

<latexit sha1_base64="E5eLsBbqB3eJOxUxComSejlNM3A=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDbbSbt0swm7G6WU/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB4M/Vbj6g0T+S9GaUYxLQvecQZNVZ68DHVXCSS+EIQr1uuuFV3BrJMvJxUIEe9W/7yewnLYpSGCap1x3NTE4ypMpwJnJT8TGNK2ZD2sWOppDHqYDy7ekJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+53UyE10FYy7TzKBk80VRJohJyDQC0uMKmREjSyhT3N5K2IAqyowNqmRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1goOAZXuHNeXJenHfnY95acPKZQ/gD5/MHxBqSCg==</latexit>

✏ ⌧ 1
<latexit sha1_base64="+PGKRTtRxgkM0LJY7F07BgnTytI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5LUop6k6MVjBfsBTSmb7aZdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3ds/sA/LbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9uZ33mkUrFIPOhpTPshHgkWMIK1kQZ22aMao2vkBRKT9DxLa9nArjhVZw60StycVCBHc2B/ecOIJCEVmnCsVM91Yt1PsdSMcJqVvETRGJMJHtGeoQKHVPXT+e0ZOjXKEAWRNCU0mqu/J1IcKjUNfdMZYj1Wy95M/M/rJTq46qdMxImmgiwWBQlHOkKzINCQSUo0nxqCiWTmVkTG2KSgTVwlE4K7/PIqadeq7kW1fl+vNG7yOIpwDCdwBi5cQgPuoAktIPAEz/AKb1ZmvVjv1seitWDlM0fwB9bnD/88k8k=</latexit>

⌘ >
3

2
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<latexit sha1_base64="UYImuGk/6CAx0v00d0CHkX4M9fg=">AAACAHicbVDLSsNAFJ34rPVVdeHCzWARXJVE6mMjFN24ESrYB7QhTKaTduhkEmZuxBKy8VfcuFDErZ/hzr9x2mahrQcGDuecy517/FhwDbb9bS0sLi2vrBbWiusbm1vbpZ3dpo4SRVmDRiJSbZ9oJrhkDeAgWDtWjIS+YC1/eD32Ww9MaR7JexjFzA1JX/KAUwJG8kr7A68L7BHSkMsMX2K74pziW6/ulcp2xZ4AzxMnJ2WUw+S/ur2IJiGTQAXRuuPYMbgpUcCpYFmxm2gWEzokfdYxVJKQaTedHJDhI6P0cBAp8yTgifp7IiWh1qPQN8mQwEDPemPxP6+TQHDhplzGCTBJp4uCRGCI8LgN3OOKURAjQwhV3PwV0wFRhILprGhKcGZPnifNk4pzVqneVcu1q7yOAjpAh+gYOegc1dANqqMGoihDz+gVvVlP1ov1bn1MowtWPrOH/sD6/AGXipUb</latexit>

hmin = 0.15MP

<latexit sha1_base64="2zxyuIW39Hj5wi7J71JgOOhnm84=">AAACAXicbVDLSgMxFM34rPVVdSO4CRbBjcNMqY+NUHTjplDBPqAdSyZN29BMZkjuCGWoG3/FjQtF3PoX7vwb03YW2nogcDjnXG7u8SPBNTjOt7WwuLS8sppZy65vbG5t53Z2azqMFWVVGopQNXyimeCSVYGDYI1IMRL4gtX9wfXYrz8wpXko72AYMS8gPcm7nBIwUju3X8aXuGgXWsADprHr3Ccnp6Nyu9LO5R3bmQDPEzcleZTC5L9anZDGAZNABdG66ToReAlRwKlgo2wr1iwidEB6rGmoJGafl0wuGOEjo3RwN1TmScAT9fdEQgKth4FvkgGBvp71xuJ/XjOG7oWXcBnFwCSdLurGAkOIx3XgDleMghgaQqji5q+Y9okiFExpWVOCO3vyPKkVbPfMLt4W86WrtI4MOkCH6Bi56ByV0A2qoCqi6BE9o1f0Zj1ZL9a79TGNLljpzB76A+vzBwBWlLU=</latexit>

M = 4.2⇥ 10�5MP

<latexit sha1_base64="4drG7gX0KMxtcFdKI8bv7oq2od4=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVYvUgFL14rGA/oF1KNs22odlkTbJiWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyK6tr6xv5zcLW9s7uXnH/oKlloghtEMmlagdYU84EbRhmOG3HiuIo4LQVjG6mfuuRKs2kuDfjmPoRHggWMoKNldrdJ4auUPWyVyy5ZXcGtEy8jJQgQ71X/Or2JUkiKgzhWOuO58bGT7EyjHA6KXQTTWNMRnhAO5YKHFHtp7N7J+jEKn0USmVLGDRTf0+kONJ6HAW2M8JmqBe9qfif10lMeOGnTMSJoYLMF4UJR0ai6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPyt55uXJXKdWuszjycATHcAoeVKEGt1CHBhDg8Ayv8OY8OC/Ou/Mxb8052cwh/IHz+QOGoI79</latexit>

⇠ = 79
<latexit sha1_base64="a7XZ5qI4eS22LC9P8aO0G+4kIvA=">AAACE3icbVDLSgMxFM34rPVVdekmWAQRLDNS2m6EohuXFewDOmPJpGkbmskMyR2xDP0HN/6KGxeKuHXjzr8xbWehrQcCh3PO5eYePxJcg21/W0vLK6tr65mN7ObW9s5ubm+/ocNYUVanoQhVyyeaCS5ZHTgI1ooUI4EvWNMfXk385j1TmofyFkYR8wLSl7zHKQEjdXKnrjDhLum4wB4gCbgc4wtcLDiOXSm7wAOmsWPfJWelcSeXtwv2FHiROCnJoxS1Tu7L7YY0DpgEKojWbceOwEuIAk4FG2fdWLOI0CHps7ahkphlXjK9aYyPjdLFvVCZJwFP1d8TCQm0HgW+SQYEBnrem4j/ee0YehUv4TKKgUk6W9SLBYYQTwrCXa4YBTEyhFDFzV8xHRBFKJgas6YEZ/7kRdI4LzilQvGmmK9epnVk0CE6QifIQWVURdeohuqIokf0jF7Rm/VkvVjv1scsumSlMwfoD6zPHyPYnGk=</latexit>

�min = 4.11087⇥ 10�6<latexit sha1_base64="kTZSEWqpVE7pCZK2r/lKVy7tM+I=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBjSUp9bERim5cVrAPaGOZTCft0MkkzEyEEuqvuHGhiFs/xJ1/47TNQlsPXDiccy/33uPHnCntON9WbmV1bX0jv1nY2t7Z3bP3D5oqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8kc3U7/1SKVikbjX45h6IR4IFjCCtZF6dtFHV6jS1SykCrnOQ3p6NunZJafszICWiZuREmSo9+yvbj8iSUiFJhwr1XGdWHsplpoRTieFbqJojMkID2jHUIHNMi+dHT9Bx0bpoyCSpoRGM/X3RIpDpcahbzpDrIdq0ZuK/3mdRAeXXspEnGgqyHxRkHCkIzRNAvWZpETzsSGYSGZuRWSIJSba5FUwIbiLLy+TZqXsnperd9VS7TqLIw+HcAQn4MIF1OAW6tAAAmN4hld4s56sF+vd+pi35qxspgh/YH3+ADpqkzo=</latexit>

b = 2⇥ 10�5
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<latexit sha1_base64="r34EP3975XI1nRXjmeCL4Tu5aBo=">AAACEHicbVDLSsNAFJ34rPUVdelmsIh1UxIpqLuiG5dV7AOaGCbTSTt0kgwzE6GEfIIbf8WNC0XcunTn3zhpg2jrgYHDOfcy9xyfMyqVZX0ZC4tLyyurpbXy+sbm1ra5s9uWcSIwaeGYxaLrI0kYjUhLUcVIlwuCQp+Rjj+6zP3OPRGSxtGtGnPihmgQ0YBipLTkmUdOiNQQI5Y2M++H32SwOjqGDhcxVzEc3dU9s2LVrAngPLELUgEFmp756fRjnIQkUpghKXu2xZWbIqEoZiQrO4kkHOERGpCephEKiXTTSaAMHmqlD4NY6BcpOFF/b6QolHIc+noyP1nOern4n9dLVHDmpjTiiSIRnn4UJAzqkHk7sE8FwYqNNUFYUH0rxEMkEFa6w7IuwZ6NPE/aJzW7Xju/rlcaF0UdJbAPDkAV2OAUNMAVaIIWwOABPIEX8Go8Gs/Gm/E+HV0wip098AfGxzc5wpyz</latexit>

• USR phase induced by . 
Inflaton always rolls down the 
well defined valley

• , Growth in the curvature 
perturbation

• Growth proportional to 

λ(h)

η > 3

∝ k4
<latexit sha1_base64="rTY8A/41fKd2STNcY2eiXTDuu2Y=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f0OeM9Q==</latexit>

h

<latexit sha1_base64="jGnO3r1acxhB5ey6K8sAzv9JIt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48tmFpoQ9lsJ+3azSbsboRS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCopZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBD+HoduY/PKHSPJH3ZpxiENOB5BFn1Fip6ffKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAq elbqYxpWxEB9ixVNIYdTCZHzolZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2NelzhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6zWmrVK/SaPowgncArn4MEV1OEOGuADA4RneIU359F5cd6dj0VrwclnjuEPnM8ftBuM4g==</latexit>

U

Near inflection-point

CMB Plateau

<latexit sha1_base64="Z+y0E79arH7WUjfMrRLiQs+zniY="></latexit>

PR(k) / H
2

✏
e
(4⌘�6)Ht

<latexit sha1_base64="E5eLsBbqB3eJOxUxComSejlNM3A=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gOaWDbbSbt0swm7G6WU/g8vHhTx6n/x5r9x2+agrQ8GHu/NMDMvTAXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6iRTDBssEYlqh1Sj4BIbhhuB7VQhjUOBrXB4M/Vbj6g0T+S9GaUYxLQvecQZNVZ68DHVXCSS+EIQr1uuuFV3BrJMvJxUIEe9W/7yewnLYpSGCap1x3NTE4ypMpwJnJT8TGNK2ZD2sWOppDHqYDy7ekJOrNIjUaJsSUNm6u+JMY21HsWh7YypGehFbyr+53UyE10FYy7TzKBk80VRJohJyDQC0uMKmREjSyhT3N5K2IAqyowNqmRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1goOAZXuHNeXJenHfnY95acPKZQ/gD5/MHxBqSCg==</latexit>

✏ ⌧ 1
<latexit sha1_base64="+PGKRTtRxgkM0LJY7F07BgnTytI=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSyCp5LUop6k6MVjBfsBTSmb7aZdutmE3Y1YQv6KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZhbX1jc6u4XdrZ3ds/sA/LbRUlktAWiXgkuz5WlDNBW5ppTruxpDj0Oe34k9uZ33mkUrFIPOhpTPshHgkWMIK1kQZ22aMao2vkBRKT9DxLa9nArjhVZw60StycVCBHc2B/ecOIJCEVmnCsVM91Yt1PsdSMcJqVvETRGJMJHtGeoQKHVPXT+e0ZOjXKEAWRNCU0mqu/J1IcKjUNfdMZYj1Wy95M/M/rJTq46qdMxImmgiwWBQlHOkKzINCQSUo0nxqCiWTmVkTG2KSgTVwlE4K7/PIqadeq7kW1fl+vNG7yOIpwDCdwBi5cQgPuoAktIPAEz/AKb1ZmvVjv1seitWDlM0fwB9bnD/88k8k=</latexit>

⌘ >
3

2

<latexit sha1_base64="nO2gPWwlw6Adxfbg4Lqd5fjMy08=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUmkqMuiG5cV7AOaUCbTSTt0JokzEyGE+ituXCji1g9x5984bbPQ1gMXDufcO3PvCRLOlHacb6u0tr6xuVXeruzs7u0f2IdHHRWnktA2iXksewFWlLOItjXTnPYSSbEIOO0Gk5uZ332kUrE4utdZQn2BRxELGcHaSAO76g1jnXvJmE2Rp5igD8gZ2DWn7syBVolbkBoUaA3sL/MKSQWNNOFYqb7rJNrPsdSMcDqteKmiCSYTPKJ9QyMsqPLz+fJTdGqUIQpjaSrSaK7+nsixUCoTgekUWI/VsjcT//P6qQ6v/JxFSappRBYfhSlHOkazJNCQSUo0zwzBRDKzKyJjLDHRJq+KCcFdPnmVdM7r7kW9cdeoNa+LOMpwDCdwBi5cQhNuoQVtIJDBM7zCm/VkvVjv1seitWQVM1X4A+vzB1stlJU=</latexit>
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S.C. Park, JCAP 01 
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•PBHs compatible for a suitable amount of DM.

•Slight tension with CMB due to the prolonged USR.
    can be resolved with additional 

•LISA, DECIGO, CE, ET available to probe wider 
parameter range compared to PBHs.

→ Rn

[DYC, H.M. Lee, S.C. Park, Phys. Lett. B 805 (2020) 135453]
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• Apparently, this is not the end of the phenomenology the critical 
Higgs-  inflation can exhibit. 

• Critical Higgs-  inflation can exhibit turns in the trajectory.

• Inflaton rides towards the hill at , leading to tachyonic 
perturbation growth!

R2

R2

h = 0
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Region 1. 

Region 2. 
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Region 1. 
• “Valley” structure persists, exhibits an 

“attractor” behavior.

• CMB observables resemble the predictions 
of an “effective single-field” setup.

• “Slightly larger” ,  compared to 
constant . 

ns r
λ

• Isocurvature perturbations suppressed

<latexit sha1_base64="/VmaI/N1oQtQ7xK1KMIXvgd03os="></latexit>
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<latexit sha1_base64="19xfyzPMMoak4i3W/EdX82OkDks="></latexit>
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+ ...

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]



Higgs-  Inflation, Trajectory R2

32

Region 2. [DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 
Inflaton “approaching” the 

 hill. h = 0

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]

<latexit sha1_base64="c30+8e/uJoIajdjIE91wK/w07/k="></latexit>
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]

Inflaton reaches the hill, tachyonic!
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Region 2. 

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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Region 2. 
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@U

@h
= 0

Valley structure departure, second valley 
emerges at smaller . h

<latexit sha1_base64="DThtg5em43WQba8QB2JjdbvKa2g="></latexit>
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<latexit sha1_base64="clY4jmhtFdJJJ0BoFa86kZSt8TY="></latexit>

0  ⇠ <
1

4
p
3M

p
5b� 16�m , �m <

5b

16
.

Departure induced by the nonzero , differs 
from constant !

b
λ

Nonminimal coupling  determines position 
of the hill-reaching. 

<latexit sha1_base64="bmYo6StmxcTTBUHJD1cUBr2pFIo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndRPb87r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNe043e</latexit>

⇠

[DYC, K. Kohri, S.C. Park, arXiv:2205.14813]
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[S. Cespedes et. al, JCAP 05 (2012) 008] 

[A. Achucarro et. al, Phys. Rev. D86 (2012) 121301]

[S. Groot Nibbelink and B.J.W. van Tent , Class. 
Quant. Grav. 19 (2002) 613] and many more…

Second order perturbed action with 
<latexit sha1_base64="dqTHEV6wzrs+Q+JP1d1rFzrG4/M="></latexit>

�a(t, ~x) = �a0(t) + ��a(t, ~x),

ds2 = �(1 + 2 )dt2 + a(t)2(1� 2 )�ijdx
idxj .

<latexit sha1_base64="dqTHEV6wzrs+Q+JP1d1rFzrG4/M="></latexit>

�a(t, ~x) = �a0(t) + ��a(t, ~x),

ds2 = �(1 + 2 )dt2 + a(t)2(1� 2 )�ijdx
idxj .

with the perturbation equations 
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•                  leads to tachyonic growth of        , then gets sourced to      through turns in the trajectory. 
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• Tachyonic mass at the “hill” of the potential at , h = 0
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Possible to match NANOGrav reports
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Summary & Outlooks

✤ Primordial Black Holes, an appealing DM candidate, can be produced through large 
curvature perturbations, that can be associated with second order gravitational waves.

✤ The Higgs-  model, featuring both a distinctive valley and a noticeable hill, can exhibit a 
near inflection point USR phase and/or a tachyonic instability induced by the running .

✤ Apart from USR induced PBHs/GWs, that limit a significant PBH abundance within the 
mass range , the tachyonic instability can produce a wide range of 
PBHs/GWs from LIGO/Virgo to PTA frequencies. 

✤ Further distinguishable features? Direct correlation to collider observables? ( )

R2

λ

MPBH ∈ (10−16,10−15)M⊙

mtop
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“Thank you!” 


