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Primordial Black Holes
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PBHs form through the collapse of large overdensities
Figure from [P. Villanueva-Domingo et. al., (2021)]
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[P. Villanueva-Domingo et. al., (2021)]



Second Order Gravitational Waves
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PBH production can be associated with stochastic gravitational waves!

Figure from [NANOGrav 15-year New-Physics Signals, 2306.16219]
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Higgs-  InflationR2
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Question) What can be our inflaton? —> SM Higgs? Considering dim-4 operators,  present!R2

non-minimal coupling scalar d.o.f Higgs

<latexit sha1_base64="sHPBmJfOW315BUDv1S+N/UOhhiY="></latexit>

SJ =

Z
d4x

p
�gJ


M2

P

2

✓
RJ +

⇠h2

M2
P

RJ +
R2

J

6M2

◆
� 1

2
gµ⌫rµhr⌫h� �

4
h4

�



Higgs-  InflationR2

7

Question) What can be our inflaton? —> SM Higgs? Considering dim-4 operators,  present!R2

<latexit sha1_base64="R14V53INNGFNyZ8jQPQ6yerCayw="></latexit>

U(s, h) ⌘ e�2
p

2
3

s
MP

(
3

4
M2

PM
2

✓
e
p

2
3

s
MP � 1� ⇠h2

M2
P

◆2

+
�e↵(µ)

4
h4

)

non-minimal coupling scalar d.o.f Higgs

<latexit sha1_base64="sHPBmJfOW315BUDv1S+N/UOhhiY="></latexit>

SJ =

Z
d4x

p
�gJ


M2

P

2

✓
RJ +

⇠h2

M2
P

RJ +
R2

J

6M2

◆
� 1

2
gµ⌫rµhr⌫h� �

4
h4

�



Higgs-  InflationR2

7

Question) What can be our inflaton? —> SM Higgs? Considering dim-4 operators,  present!R2

<latexit sha1_base64="R14V53INNGFNyZ8jQPQ6yerCayw="></latexit>

U(s, h) ⌘ e�2
p

2
3

s
MP

(
3

4
M2

PM
2

✓
e
p

2
3

s
MP � 1� ⇠h2

M2
P

◆2

+
�e↵(µ)

4
h4

)

non-minimal coupling scalar d.o.f Higgs

<latexit sha1_base64="sHPBmJfOW315BUDv1S+N/UOhhiY="></latexit>

SJ =

Z
d4x

p
�gJ


M2

P

2

✓
RJ +

⇠h2

M2
P

RJ +
R2

J

6M2

◆
� 1

2
gµ⌫rµhr⌫h� �

4
h4

�

(1) Near-inflection point 



Higgs-  InflationR2

7

Question) What can be our inflaton? —> SM Higgs? Considering dim-4 operators,  present!R2

<latexit sha1_base64="R14V53INNGFNyZ8jQPQ6yerCayw="></latexit>

U(s, h) ⌘ e�2
p

2
3

s
MP

(
3

4
M2

PM
2

✓
e
p

2
3

s
MP � 1� ⇠h2

M2
P

◆2

+
�e↵(µ)

4
h4

)

non-minimal coupling scalar d.o.f Higgs

<latexit sha1_base64="sHPBmJfOW315BUDv1S+N/UOhhiY="></latexit>

SJ =

Z
d4x

p
�gJ


M2

P

2

✓
RJ +

⇠h2

M2
P

RJ +
R2

J

6M2

◆
� 1

2
gµ⌫rµhr⌫h� �

4
h4

�

(1) Near-inflection point (2) Tachyonic hill 



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2

<latexit sha1_base64="K6n5GNa9SQEuaFpirYNmmelSfhs="></latexit>

�(h) ' �min + b ln2
✓

h

hmin

◆

<latexit sha1_base64="Wfzog8vtJW6mo1zTftpJwmlzR6w="></latexit>

�min ⇠ O(10�6) , bSM ⇠ O(10�5)



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2

<latexit sha1_base64="0NpBhE5+oBOjUzFmt0pxcdfDXlE=">AAACFXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWEH/DH3Crf+BO3Lr2B/wOJ20WtvXAhcM593LvPUHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07DrOcccuORVnDDhP3JyUQI5ax/7xuiGOOREaM6RU23Ui7SdIaooZSYterEiE8BD1SdtQgThRfjL+IIVHRunCXihNCQ3H6t+JBHGlRjwwndmdatbLxP+8dqx7l35CRRRrIvBkUS9mUIcwiwN2qSRYs5EhCEtqboV4gCTC2oQ2tQUjgQlLiyYYdzaGedI4qbjnlbO701L1Ko+oAA7AISgDF1yAKrgBNVAHGDyBF/AK3qxn6936sD4nrQtWPrMHpmB9/QLMJp5b</latexit>

⇠ ⇠ O(100)

<latexit sha1_base64="K6n5GNa9SQEuaFpirYNmmelSfhs="></latexit>

�(h) ' �min + b ln2
✓

h

hmin

◆

<latexit sha1_base64="Wfzog8vtJW6mo1zTftpJwmlzR6w="></latexit>

�min ⇠ O(10�6) , bSM ⇠ O(10�5)



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2

<latexit sha1_base64="0NpBhE5+oBOjUzFmt0pxcdfDXlE=">AAACFXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWEH/DH3Crf+BO3Lr2B/wOJ20WtvXAhcM593LvPUHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07DrOcccuORVnDDhP3JyUQI5ax/7xuiGOOREaM6RU23Ui7SdIaooZSYterEiE8BD1SdtQgThRfjL+IIVHRunCXihNCQ3H6t+JBHGlRjwwndmdatbLxP+8dqx7l35CRRRrIvBkUS9mUIcwiwN2qSRYs5EhCEtqboV4gCTC2oQ2tQUjgQlLiyYYdzaGedI4qbjnlbO701L1Ko+oAA7AISgDF1yAKrgBNVAHGDyBF/AK3qxn6936sD4nrQtWPrMHpmB9/QLMJp5b</latexit>

⇠ ⇠ O(100)

<latexit sha1_base64="K6n5GNa9SQEuaFpirYNmmelSfhs="></latexit>

�(h) ' �min + b ln2
✓

h

hmin

◆

<latexit sha1_base64="Wfzog8vtJW6mo1zTftpJwmlzR6w="></latexit>

�min ⇠ O(10�6) , bSM ⇠ O(10�5)

Ultra-Slow-Roll



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2

<latexit sha1_base64="0NpBhE5+oBOjUzFmt0pxcdfDXlE=">AAACFXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWEH/DH3Crf+BO3Lr2B/wOJ20WtvXAhcM593LvPUHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07DrOcccuORVnDDhP3JyUQI5ax/7xuiGOOREaM6RU23Ui7SdIaooZSYterEiE8BD1SdtQgThRfjL+IIVHRunCXihNCQ3H6t+JBHGlRjwwndmdatbLxP+8dqx7l35CRRRrIvBkUS9mUIcwiwN2qSRYs5EhCEtqboV4gCTC2oQ2tQUjgQlLiyYYdzaGedI4qbjnlbO701L1Ko+oAA7AISgDF1yAKrgBNVAHGDyBF/AK3qxn6936sD4nrQtWPrMHpmB9/QLMJp5b</latexit>

⇠ ⇠ O(100)

<latexit sha1_base64="y/CLJdw5P0YAkSYQ3UJ1RBboNbY=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWmM/wB9zqH7gTt36AP+B3OGmzsK0HLhzOuZd7OEHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07B537JJTccaA88TNSQnkqHXsH68b4pgToTFDSrVdJ9J+gqSmmJG06MWKRAgPUZ+0DRWIE+Un4/wpPDJKF/ZCaUZoOFb/XiSIKzXigdnMUqpZLxP/89qx7l36CRVRrInAk0e9mEEdwqwM2KWSYM1GhiAsqckK8QBJhLWpbOoLRgITlhZNMe5sDfOkcVJxzytnd6el6lVeUQEcgENQBi64AFVwA2qgDjB4Ai/gFbxZz9a79WF9TlYXrPxmD0zB+voF2FOd5w==</latexit>

⇠ ⇠ O(1)

<latexit sha1_base64="K6n5GNa9SQEuaFpirYNmmelSfhs="></latexit>

�(h) ' �min + b ln2
✓

h

hmin

◆

<latexit sha1_base64="Wfzog8vtJW6mo1zTftpJwmlzR6w="></latexit>

�min ⇠ O(10�6) , bSM ⇠ O(10�5)

Ultra-Slow-Roll



1 104 108 1012 1016 1020

-0.02

0.00

0.02

0.04

0.06

Scale μ, GeV

λ

Higgs mass mh=125.15 GeV, mt = 172.4±1.5 GeV

10 ×
dλ

d ln μ

8

Higgs-  Inflation, SM Higgs RunningR2

<latexit sha1_base64="0NpBhE5+oBOjUzFmt0pxcdfDXlE=">AAACFXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWEH/DH3Crf+BO3Lr2B/wOJ20WtvXAhcM593LvPUHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07DrOcccuORVnDDhP3JyUQI5ax/7xuiGOOREaM6RU23Ui7SdIaooZSYterEiE8BD1SdtQgThRfjL+IIVHRunCXihNCQ3H6t+JBHGlRjwwndmdatbLxP+8dqx7l35CRRRrIvBkUS9mUIcwiwN2qSRYs5EhCEtqboV4gCTC2oQ2tQUjgQlLiyYYdzaGedI4qbjnlbO701L1Ko+oAA7AISgDF1yAKrgBNVAHGDyBF/AK3qxn6936sD4nrQtWPrMHpmB9/QLMJp5b</latexit>

⇠ ⇠ O(100)

<latexit sha1_base64="y/CLJdw5P0YAkSYQ3UJ1RBboNbY=">AAACE3icbVDLSsNAFJ34rPUVFdy4GSxC3ZREfC2LbtxZwT6gCWUynbZDZyZhZiKWmM/wB9zqH7gTt36AP+B3OGmzsK0HLhzOuZd7OEHEqNKO820tLC4tr6wW1orrG5tb2/bObkOFscSkjkMWylaAFGFUkLqmmpFWJAniASPNYHid+c0HIhUNxb0eRcTnqC9oj2KkjdSx971H6inKoceRHmDEktu07B537JJTccaA88TNSQnkqHXsH68b4pgToTFDSrVdJ9J+gqSmmJG06MWKRAgPUZ+0DRWIE+Un4/wpPDJKF/ZCaUZoOFb/XiSIKzXigdnMUqpZLxP/89qx7l36CRVRrInAk0e9mEEdwqwM2KWSYM1GhiAsqckK8QBJhLWpbOoLRgITlhZNMe5sDfOkcVJxzytnd6el6lVeUQEcgENQBi64AFVwA2qgDjB4Ai/gFbxZz9a79WF9TlYXrPxmD0zB+voF2FOd5w==</latexit>

⇠ ⇠ O(1)

<latexit sha1_base64="K6n5GNa9SQEuaFpirYNmmelSfhs="></latexit>

�(h) ' �min + b ln2
✓

h

hmin

◆

<latexit sha1_base64="Wfzog8vtJW6mo1zTftpJwmlzR6w="></latexit>

�min ⇠ O(10�6) , bSM ⇠ O(10�5)

Ultra-Slow-Roll

Tachyonic Inst.



[DYC, S.M. Lee, S.C. Park, JCAP 01 (2021), 032]

� evaporation bkg
<latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit>

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

10-17 10-12 10-7 0.01 1000.00
10-5

10-4

0.001

0.010

0.100

1

Higgs-  Inflation - Ultra Slow-RollR2

9



[DYC, S.M. Lee, S.C. Park, JCAP 01 (2021), 032]

� evaporation bkg
<latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit><latexit sha1_base64="rY3THLl/IXRHUyjXno03gbVB2Lg=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GwCnciaCnaWEYwUciFMLeZxCW7d8funBiOlDb+FRsLRWz9CXb+GzfJFX49GHi8N8PMvChV0pLvf3ozs3PzC4ulpfLyyuraemVjs2mTzAhsiEQl5joCi0rG2CBJCq9Tg6AjhVfR4GzsX92isTKJL2mYYltDP5Y9KYCc1KnshH3QGnhIeEc553gLaWImJo8G/VGnUvVr/gT8LwkKUmUF6p3KR9hNRKYxJqHA2lbgp9TOwZAUCkflMLOYghhAH1uOxqDRtvPJIyO+55Qu7yXGVUx8on6fyEFbO9SR69RAN/a3Nxb/81oZ9Y7buYzTjDAW00W9THFK+DgV3pUGBamhIyCMdLdycQMGBLnsyi6E4PfLf0nzoBb4teDisHpyWsRRYttsl+2zgB2xE3bO6qzBBLtnj+yZvXgP3pP36r1NW2e8YmaL/YD3/gWddZm1</latexit>

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

0.94 0.95 0.96 0.97 0.98

10-18

10-16

10-14

10-12

10-17 10-12 10-7 0.01 1000.00
10-5

10-4

0.001

0.010

0.100

1

Higgs-  Inflation - Ultra Slow-RollR2

9

Tension with CMB!

Sensitive to higher order terms e.g. ~R3
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Higgs-  Inflation / USR vs Tachyonic Instability?R2
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⇠ ⇠ O(1)Ultra-Slow-Roll Tachyonic Inst.
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⇠ ⇠ O(1)Ultra-Slow-Roll Tachyonic Inst.

Tension with CMB!
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Multi-field effect / Exponential Growth
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Universal CMB 
predictions.

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]

0.001 10.000 105 109 1013 1017 1021

10-11

10-9

10-7

10-5

0.001

0.100

0.001 10.000 105 109 1013 1017 1021

10-11

10-9

10-7

10-5

0.001

0.100
<latexit sha1_base64="HVI7iK9U2w70T4Rzmguuwcbl6RE="></latexit>

M = 1.3⇥ 10�5MP , �2 = 0.5 �m ⇠ O(10�6)



Higgs-  Inflation, Tachyonic InstabilityR2

18

Universal CMB 
predictions.

Scales accessible from PTAs to aLVK

[DYC, K. Kohri, S.C. Park, JCAP 10 (2022) 015]
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Universal CMB 
predictions.

Scales accessible from PTAs to aLVK
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Higgs-  inflation + SM Higgs Running R2
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1. Near Inflection Point 
(Effective single field, USR)

2. Tachyonic instability
(Multi-field, negative )M2

eff

Higgs-  inflation + SM Higgs Running R2
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PBH & SGWB Production - SM consistency!

1. Near Inflection Point 
(Effective single field, USR)
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Summary

22
PBH & SGWB Production - SM consistency!

1. Near Inflection Point 
(Effective single field, USR)

2. Tachyonic instability
(Multi-field, negative )M2

eff

Possible Signatures of the 
Higgs in the Early Universe!

Higgs-  inflation + SM Higgs Running R2



Backup slides.



Introduction - Primordial Black Holes

24

Then, how large should the density perturbations / curvature perturbations be?
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�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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[S. Groot Nibbelink, B.J.W. van Tent,(2002)] ,[S. Cespedes et. al,  (2012)]  
[A. Achucarro et. al, (2012)] …

Second order perturbation 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 .

<latexit sha1_base64="rBobEN3jID6w+YMIQDHO1MZgDzg="></latexit>

M
2
e↵ = UNN +H

2
✏R� ✓̇

2
.

•                  leads to tachyonic growth of        , then gets sourced to      through turns in the trajectory. 
<latexit sha1_base64="3inNzfX4u0MRN66DB8o+roi8wxo=">AAACD3icbVC7SgNBFJ31GeNr1dJmMChWYVeCWlgEtLARIpgoJOsyO7mrg7MPZu6KYdk/sPFXbCwUsbW182+cbFL4OnDhcM69M/eeIJVCo+N8WhOTU9Mzs5W56vzC4tKyvbLa0UmmOLR5IhN1ETANUsTQRoESLlIFLAoknAc3h0P//BaUFkl8hoMUvIhdxSIUnKGRfHurh3CH5Tu5gn6Rn/h5KeUQhkVxuUMPqEML3645dacE/UvcMamRMVq+/dHrJzyLIEYumdZd10nRy5lCwSUU1V6mIWX8hl1B19CYRaC9vNyjoJtG6dMwUaZipKX6fSJnkdaDKDCdEcNr/dsbiv953QzDfS8XcZohxHz0UZhJigkdhkP7QgFHOTCEcSXMrpRfM8U4mgirJgT398l/SWen7u7WG6eNWvNoHEeFrJMNsk1cskea5Ji0SJtwck8eyTN5sR6sJ+vVehu1TljjmTXyA9b7F3qGnOc=</latexit>

M2
e↵ < 0

<latexit sha1_base64="oSUrWd9+644MU16+iCfHvfGHIoU=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuBPUY0IMnScA8IAlhdtJJhsw+mOkVw7Lgr3jxoIhXv8Obf+NkswdNLGgoqrqnp8sNpdBo299WbmV1bX0jv1nY2t7Z3SvuHzR1ECkODR7IQLVdpkEKHxooUEI7VMA8V0LLnVzP/NYDKC0C/x6nIfQ8NvLFUHCGRuoXj7oIj5i+EysYJHG9f0eTfrFkl+0UdJk4GSmRDLV+8as7CHjkgY9cMq07jh1iL2YKBZeQFLqRhpDxCRtBx1CfeaB7cbo2oadGGdBhoEz5SFP190TMPK2nnms6PYZjvejNxP+8ToTDq14s/DBC8Pl80TCSFAM6y4IOhAKOcmoI40qYv1I+ZopxNIkVTAjO4snLpHledi7KlXqlVL3J4siTY3JCzohDLkmV3JIaaRBOYvJMXsmb9WS9WO/Wx7w1Z2Uzh+QPrM8f2OmWEQ==</latexit>

QN
<latexit sha1_base64="qLhnJYf2iNas35gw+JPQ8X6tZJg=">AAACB3icbVC7SgNBFJ2Nrxhfq5aCDAbBKuxKUMuAFpZRzAOSEGYnN8mQ2Qczd8WwbGfjr9hYKGLrL9j5N84mKTTxwMDhnPua40VSaHScbyu3tLyyupZfL2xsbm3v2Lt7dR3GikONhzJUTY9pkCKAGgqU0IwUMN+T0PBGl5nfuAelRRjc4TiCjs8GgegLztBIXfuwjfCAkzmJJ2NIk7bPcMiZTG5TmnbtolNyJqCLxJ2RIpmh2rW/2r2Qxz4EyCXTuuU6EXYSplBwCWmhHWuIGB+xAbQMDZgPupNM9qf02Cg92g+VeQHSifq7I2G+1mPfM5XZkXrey8T/vFaM/YtOIoIoRgj4dFE/lhRDmoVCe0IBRzk2hHElzK2UD5liHE10BROCO//lRVI/LblnpfJNuVi5msWRJwfkiJwQl5yTCrkmVVIjnDySZ/JK3qwn68V6tz6mpTlr1rNP/sD6/AF+M5pa</latexit>

R

<latexit sha1_base64="Dh/dJ+CmdNTkT/lrGHUOnxqX2hw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRiyepYD+gDWWznbRLN5uwuymU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+a4xK81g+mUmCfkQHkoecUWOlVneMLHuY9soVt+rOQVaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOB01I31ZhQNqID7FgqaYTaz+bnTsmZVfokjJUtachc/T2R0UjrSRTYzoiaoV72ZuJ/Xic14Y2fcZmkBiVbLApTQUxMZr+TPlfIjJhYQpni9lbChlRRZmxCJRuCt/zyKmleVL2r6uXjZaV2m8dRhBM4hXPw4BpqcA91aACDETzDK7w5ifPivDsfi9aCk88cwx84nz90/4+p</latexit>

~N

<latexit sha1_base64="6WSYdLEo4RJCNBB7RUSSyFPabfA=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK/YI2lM120i7dbMLuplBCf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXJIJr47rfTmFjc2t7p7hb2ts/ODwqH5+0dJwqhk0Wi1h1AqpRcIlNw43ATqKQRoHAdjB+mPvtCSrNY9kw0wT9iA4lDzmjxkrt3gRZ1pj1yxW36i5A1omXkwrkqPfLX71BzNIIpWGCat313MT4GVWGM4GzUi/VmFA2pkPsWipphNrPFufOyIVVBiSMlS1pyEL9PZHRSOtpFNjOiJqRXvXm4n9eNzXhnZ9xmaQGJVsuClNBTEzmv5MBV8iMmFpCmeL2VsJGVFFmbEIlG4K3+vI6aV1VvZvq9dN1pXafx1GEMziHS/DgFmrwCHVoAoMxPMMrvDmJ8+K8Ox/L1oKTz5zCHzifP34dj68=</latexit>

~T
<latexit sha1_base64="azAEECFJ+BcpFGMrzsMwRxwm2bs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLx4TzAuSEGYnvcmQ2dllZlYISz7BiwdFvPpF3vwbJ8keNLGgoajqprvLjwXXxnW/ndzG5tb2Tn63sLd/cHhUPD5p6ShRDJssEpHq+FSj4BKbhhuBnVghDX2BbX9yP/fbT6g0j2TDTGPsh3QkecAZNVZ6rA8ag2LJLbsLkHXiZaQEGWqD4ldvGLEkRGmYoFp3PTc2/ZQqw5nAWaGXaIwpm9ARdi2VNETdTxenzsiFVYYkiJQtachC/T2R0lDraejbzpCasV715uJ/XjcxwW0/5TJODEq2XBQkgpiIzP8mQ66QGTG1hDLF7a2EjamizNh0CjYEb/XlddK6KnvX5Uq9UqreZXHk4QzO4RI8uIEqPEANmsBgBM/wCm+OcF6cd+dj2ZpzsplT+APn8wcIQI2l</latexit>

QT

<latexit sha1_base64="3bgf4d6Ra4JGXOntK95eUcHHGEk=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL54kQfOAZAmzk95kyOzsMjMrhJBP8OJBEa9+kTf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5aMYJ+hEdSB5yRo2VHuq9+16x5JbdOcgq8TJSggy1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvCh7l+VKvVKq3mRx5OEETuEcPLiCKtxBDRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MH/xmNnw==</latexit>

QN
<latexit sha1_base64="Ns6PHDTzspy9ePliTxGmHNf3qpY=">AAACEnicbVDNS8MwHE39nPOr6tFLcAh6Ga0M9SIMvey4yb5gLSXN0i0sTUuSCqP0b/Div+LFgyJePXnzvzHdetDNB4HHe79fkvf8mFGpLOvbWFldW9/YLG2Vt3d29/bNg8OujBKBSQdHLBJ9H0nCKCcdRRUj/VgQFPqM9PzJXe73HoiQNOJtNY2JG6IRpwHFSGnJM8+dEKkxRiy9z+ANhE4gEE4bWeoMI5U68ZhmnpXBltf2zIpVtWaAy8QuSAUUaHrml74DJyHhCjMk5cC2YuWmSCiKGcnKTiJJjPAEjchAU45CIt10FimDp1oZwiAS+nAFZ+rvjRSFUk5DX0/mAeSil4v/eYNEBdduSnmcKMLx/KEgYVBFMO8HDqkgWLGpJggLqv8K8RjpUpRusaxLsBcjL5PuRdW+rNZatUr9tqijBI7BCTgDNrgCddAATdABGDyCZ/AK3own48V4Nz7moytGsXME/sD4/AG8JJ2G</latexit>

R =
H

�̇0

QT

<latexit sha1_base64="38huIfEhbkWwu2P/SsKn1iGmCqU=">AAACC3icbZC7SgNBFIZn4y3GW9TSZkgQrMKuiFoGbVJGMBfILmF2cpIMmb04czYQlvQ2voqNhSK2voCdb+Mk2UITfxj4+M85M3N+P5ZCo21/W7m19Y3Nrfx2YWd3b/+geHjU1FGiODR4JCPV9pkGKUJooEAJ7VgBC3wJLX90O6u3xqC0iMJ7nMTgBWwQir7gDI3VLZbcXoSpi0NANqUuPCRiTGsGkHVTNwYVT7vFsl2x56Kr4GRQJpnq3eKXuZQnAYTIJdO649gxeilTKLiEacFNNMSMj9gAOgZDFoD20vkuU3pqnB7tR8qcEOnc/T2RskDrSeCbzoDhUC/XZuZ/tU6C/WsvFWGcIIR88VA/kRQjOguG9oQCjnJigHElzF8pHzLFOJr4CiYEZ3nlVWieV5zLysXdRbl6k8WRJyekRM6IQ65IldRInTQIJ4/kmbySN+vJerHerY9Fa87KZo7JH1mfP1wVm0M=</latexit>

✓̇ ⌘ H⌘?

<latexit sha1_base64="VKrMgqaK6cnW8tN9CejRKu1gvJc=">AAACGXicbVDLSgNBEJyN7/ha9ehlMAiewq6Iegx68SQKxgSyYZmd9CZDZh/O9AbCsr/hxV/x4kERj3ryb5w8DppY0FBUdc90V5BKodFxvq3SwuLS8srqWnl9Y3Nr297ZvddJpjjUeSIT1QyYBiliqKNACc1UAYsCCY2gfznyGwNQWiTxHQ5TaEesG4tQcIZG8m3HA2R+7qWg0oJ68JCJAaVeqBjP6/51kXudBI3dE4Xv0Cta+HbFqTpj0HniTkmFTHHj25/mCZ5FECOXTOuW66TYzplCwSUUZS/TkDLeZ11oGRqzCHQ7H19W0EOjdGiYKFMx0rH6eyJnkdbDKDCdEcOenvVG4n9eK8PwvJ2LOM0QYj75KMwkxYSOYqIdoYCjHBrCuBJmV8p7zKSCJsyyCcGdPXme3B9X3dPqye1JpXYxjWOV7JMDckRcckZq5IrckDrh5JE8k1fyZj1ZL9a79TFpLVnTmT3yB9bXD6tRoLM=</latexit>

⌘? ⌘ UN

�̇0H

<latexit sha1_base64="QY8uvzEGzw9HKYGSSXa+92rfiWA=">AAACKXicbVDLSgMxFM34tr6qLt0Ei+DGMiNFXRbduKxga6EzDJnMnTaYeZjcKZRhfseNv+JGQVG3/ohpLfg8EDj3nHuT3BNkUmi07VdrZnZufmFxabmysrq2vlHd3OroNFcc2jyVqeoGTIMUCbRRoIRupoDFgYSr4Pps7F8NQWmRJpc4ysCLWT8RkeAMjeRXmy4g8ws3Y4pJCbKkLtzkYkjpAXUjxXjhhmGKpmEgSt8uTflV0XNa+tWaXbcnoH+JMyU1MkXLrz6aK3geQ4JcMq17jp2hVzCFgksoK26uIWP8mvWhZ2jCYtBeMdm0pHtGCWmUKnMSpBP1+0TBYq1HcWA6Y4YD/dsbi/95vRyjE68QSZYjJPzzoSiXFFM6jo2GQgFHOTKEcSXMXykfmMw4mnArJgTn98p/Seew7hzVGxeNWvN0GscS2SG7ZJ845Jg0yTlpkTbh5JbckyfybN1ZD9aL9fbZOmNNZ7bJD1jvH3uUp18=</latexit>

⌘k ⌘ � �̈0

�̇0H

<latexit sha1_base64="4S2kZi5Q3TekoOasJfsOF8XvFAQ=">AAACHnicbVDLSgMxFM34rPVVdekmWARBKDNSH8uimy4rWFvotCWT3rHBzMPkTqEM8yVu/BU3LhQRXOnfmD4W2nogcHLOvTe5x4ul0Gjb39bC4tLyympuLb++sbm1XdjZvdVRojjUeSQj1fSYBilCqKNACc1YAQs8CQ3v/mrkNwagtIjCGxzG0A7YXSh8wRkaqVs4ve4w6sJDIgbU7YFEc4v7wojH1PUV46nbizAdaVmHZWk1c2MtuoWiXbLHoPPEmZIimaLWLXyaMTwJIEQumdYtx46xnTKFgkvI8m6iIWb8nt1By9CQBaDb6Xi9jB4apUf9SJkTIh2rvztSFmg9DDxTGTDs61lvJP7ntRL0L9qpCOMEIeSTh/xEUozoKCvaEwo4yqEhjCth/kp5n5lQ0CSaNyE4syvPk9uTknNWKl+Xi5XLaRw5sk8OyBFxyDmpkCqpkTrh5JE8k1fyZj1ZL9a79TEpXbCmPXvkD6yvH2WQorg=</latexit>

Q
a ⌘ ��

a +
�̇
a

H
 

<latexit sha1_base64="ekZ7uuoBRrRdis+qss+IjfRUU0M="></latexit>

R̈+
�
3 + 2✏� 2⌘k

�
HṘ+

k
2

a2
R = �2

H
2

�̇0

⌘?


Q̇N +

✓
3� ⌘k +

⌘̇?
H⌘?

◆
HQN

�

Q̈N + 3HQ̇N +

✓
k
2

a2
+M

2
e↵

◆
QN = 2�̇0⌘?Ṙ.

<latexit sha1_base64="iN7jjw89C+LLxbZ45W9ckxhg6r8=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoqsyIqBuh6KYradE+oDMMmTTThmYeJBmhhPkFN/6KGxeKuHXnzr8x085CWw8EDufce3Pv8RNGhbSsb6O0srq2vlHerGxt7+zumfsHXRGnHJMOjlnM+z4ShNGIdCSVjPQTTlDoM9LzJze533sgXNA4upfThLghGkU0oBhJLXlmzQmRHGPE1F0Gr6ATcIRVM1POMJbKScY086wMtr1bz6xadWsGuEzsglRBgZZnfukZOA1JJDFDQgxsK5GuQlxSzEhWcVJBEoQnaEQGmkYoJMJVs4syeKKVIQxirl8k4Uz93aFQKMQ09HVlvr9Y9HLxP2+QyuDSVTRKUkkiPP8oSBmUMczjgUPKCZZsqgnCnOpdIR4jHYrUIVZ0CPbiycuke1q3z+tn7bNq47qIowyOwDGoARtcgAZoghboAAwewTN4BW/Gk/FivBsf89KSUfQcgj8wPn8AVqCdVw==</latexit>

S =
H

�̇0

QN
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<latexit sha1_base64="XIaD+PxT/eoH7FHRidqIxhX3ASw=">AAACDXicbVDJSgNBEO1xjXEb9eilMQoJhDAjQT0GvXiMYBZIQujpVJImPYvdNWIY8gNe/BUvHhTx6t2bf2NnOWjig4LHe1XdVc+LpNDoON/W0vLK6tp6aiO9ubW9s2vv7Vd1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LNG1yN/do9KC3C4BaHEbR81gtEV3CGRmrbx02EB5y8kyjojJKszvdztKmFD3c06+Sd3Ii27YxTcCagi8 SdkQyZody2v5qdkMc+BMgl07rhOhG2EqZQcAmjdDPWEDE+YD1oGBowH3QrmWwxoidG6dBuqEwFSCfq74mE+VoPfc90+gz7et4bi/95jRi7F61EBFGMEPDpR91YUgzpOBraEQo4yqEhjCthdqW8zxTjaAJMmxDc+ZMXSfW04J4VijfFTOlyFkeKHJIjkiUuOSclck3KpEI4eSTP5JW8WU/Wi/VufUxbl6zZzAH5A+vzB54kmpc=</latexit>

(s, h) ' (0, 0)

<latexit sha1_base64="NlQs6NtRnQrjLX+ezDAiBLfPZ2g="></latexit>

U(s, h) ⌘ e�2
p

2
3

s
MP

(
3

4
M2

PM
2

✓
e
p

2
3

s
MP � 1� ⇠h2

M2
P

◆2

+
�

4
h4

)

' �

4
h4 +

3⇠2M2

4M2
P

h4 +
1

2
M2s2 + ...� �p

6MP

sh4 � M2

6
p
6M3

P

s5 +

✓
�

3M2
P

+
⇠2M2

M4
P

◆
h4s2 + ....

<latexit sha1_base64="NkkhioBTk9f8zpAe25LNxLqNLKY="></latexit>

⇤ ⇠ O

✓
M2

P

⇠2M2

◆
MP > MP Theory unitarized through the scalaron!  

Higgs-  Inflation / Scalaron R2
(h, R) ∼ (h, χ)

‘Trick’ for f(R)

New NM coupling

New scalar potential

40

Auxiliary field χ

(h, R) ∼ (h, χ)

‘Trick’ for f(R)

New NM coupling

New scalar potential

40

(h, R) ∼ (h, χ)

‘Trick’ for f(R)

New NM coupling

New scalar potential

40

 in Einstein frame(h, χ) ∼ (h, s)

New NM coupling

s: scalaron

Weyl

(Higgs- ) is equivalent to (Higgs-Scalaron)! R2

41

 in Einstein frame(h, χ) ∼ (h, s)

New NM coupling

s: scalaron

Weyl

(Higgs- ) is equivalent to (Higgs-Scalaron)! R2

41

Notice “non-canonical field space metric”
Multi-field /  system.(h, R) → (h, s)


