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Introduction ̶ Higgs inflation ̶
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Inflation: key ingredient in modern cosmology
- Accelerating expansion of the Universe in the primordial Universe. 
- Solution to the horizon, flatness, and monopole problems. 
- Origin of the large-scale structure of the present Universe. 

Planck collaboration
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φ̈ + 3Hφ̇ + V �
= 0,

3H2M2
pl =
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φ̇2

+ ρinf

- It is often the case to introduce a scalar 
field whose potential energy drives inflation.  
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Inflation: key ingredient in modern cosmology
- Accelerating expansion of the Universe in the primordial Universe. 
- Solution to the horizon, flatness, and monopole problems. 
- Origin of the large-scale structure of the present Universe. 

φ̈ + 3Hφ̇ + V �
= 0,
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2
φ̇2

+ ρinf

- It is often the case to introduce a scalar 
field whose potential energy drives inflation.  
     
 
Requirement: Flat potential, Graceful exit,…

- What is “Inflaton”?

Can the SM Higgs be inflaton?
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Can Higgs potential drive accelerating expansion of the Universe � ?

New inflation is impossible �,  
because the slow-roll parameter  
            cannot be small.
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But the density perturbation 
generated in this case, 

Pζ ∼ 10
3
λ

is much larger than the one in 
the real Universe,  
for　　　　　　　 � 

P
obs

ζ ⇥ 2.18 � 10
−9
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(Non-minimal) Higgs Inflation (in the metric formalism)
(’95 Cerventas-Cota & Dehnen, ’08 Bezrukov & Shaposhnikov)
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(Non-minimal) Higgs Inflation (in the metric formalism)
(’95 Cerventas-Cota & Dehnen, ’08 Bezrukov & Shaposhnikov)
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(Non-minimal) Higgs Inflation (in the metric formalism)
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Fig. 8. Marginalized joint 68 % and 95 % CL regions for ns and r at k = 0.002 Mpc�1 from Planck alone and in combination with
BK14 or BK14 plus BAO data, compared to the theoretical predictions of selected inflationary models. Note that the marginalized
joint 68 % and 95 % CL regions assume dns/d ln k = 0.

’18 Planck collaboration

Simplest model of inflation driven by the SM Higgs, which fits the CMB data very well �. 

(’95 Cerventas-Cota & Dehnen, ’08 Bezrukov & Shaposhnikov)
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Problems in Higgs inflation and its UV extension
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Unitarity bound in Higgs inflation �
Cutoff scale of the theory (at the vacuum):  Λ �
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πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj <latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="Opgf7ujrs2Vt0dk3ugi052Po5GA="></latexit>

ξ|H|2R 3
ξ

Mpl

π2
i
∂2γ

<latexit sha1_base64="vT3elRJ93oTznWUniaftlzmfzyM="></latexit>

H =
1
√

2

✓

π2 + iπ3

h+ π0 + iπ1

◆

(’09 Barbon&Espinosa, ’10 Burgess, Lee, &Trott, ’10 Hertzberg)

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
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Unitarity bound in Higgs inflation �
Cutoff scale of the theory (at the vacuum):  Λ �

Mpl

ξ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Jordan frame: Einstein frame: 
conformal 
trans.

γ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

:graviton

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="l0hpgTr7dwxGGwytAzgOCV6e3Js="></latexit>

3

2

ξ2

M
2
pl

π2
i (∂πj)

2

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi <latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj <latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="Opgf7ujrs2Vt0dk3ugi052Po5GA="></latexit>

ξ|H|2R 3
ξ

Mpl

π2
i
∂2γ

<latexit sha1_base64="vT3elRJ93oTznWUniaftlzmfzyM="></latexit>

H =
1
√

2

✓

π2 + iπ3

h+ π0 + iπ1

◆

Typical energy scale during inflation :  ρ1/4

inf �
λ1/4

Mpl
�

ξ
<latexit sha1_base64="mPjZsXTr6z+DFx+raoiuXNjopik="></latexit>

Λ �

Mpl

ξ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

≫
Is the predictions in Higgs inflation unreliable?  

(’09 Barbon&Espinosa, ’10 Burgess, Lee, &Trott, ’10 Hertzberg)

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
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Slide Background Courtesy: H. Oide

Unitarity bound in Higgs inflation �
Cutoff scale of the theory (at the vacuum):  Λ �

Mpl

ξ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Jordan frame: Einstein frame: 
conformal 
trans.

γ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

:graviton

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="l0hpgTr7dwxGGwytAzgOCV6e3Js="></latexit>

3

2

ξ2

M
2
pl

π2
i (∂πj)

2

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi <latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj <latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="Opgf7ujrs2Vt0dk3ugi052Po5GA="></latexit>

ξ|H|2R 3
ξ

Mpl

π2
i
∂2γ

<latexit sha1_base64="vT3elRJ93oTznWUniaftlzmfzyM="></latexit>

H =
1
√

2

✓

π2 + iπ3

h+ π0 + iπ1

◆

Perhaps OK during inflation, since the cutoff scale during inflation is larger ꆘ靝. 
(’11 Bezrukov, Gorbunov, & Shaposhnikov)

(’09 Barbon&Espinosa, ’10 Burgess, Lee, &Trott, ’10 Hertzberg)

Typical energy scale during inflation :  ρ1/4

inf �
λ1/4

Mpl
�

ξ
<latexit sha1_base64="mPjZsXTr6z+DFx+raoiuXNjopik="></latexit>

Λ �

Mpl

ξ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

≫
Is the predictions in Higgs inflation unreliable?  
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Slide Background Courtesy: H. Oide

Unitarity violation in this Higgs Inflation �
Longitudinal mode of the weak gauge bosons (or the NG mode)  
receives mass with spiky feature at the reheating/oscillation phase, 

(’15 DeCross, Kaiser, Prabhu, Prescod-Weistein, Sfakianakis, ’16 Ema, Jinno, Mukaida, Nakayama)
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λMpl)
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
2

eff
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
sp2

eff � λM
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(’16 Ema, Jinno, Mukaida, Nakayama)
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m
2
eff �

ξ(1 + 6ξ)ḣ2

M2
pl + ξ(1 + 6ξ)h2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="OK/hlMGoBOWIljp5b1ptDYzJ3Fk="></latexit>

Ω
2
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2ξ|H|2

M
2
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<latexit sha1_base64="xypAUk1Xkt+FjRWDirGYX37/z8o="></latexit>
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Slide Background Courtesy: H. Oide

Unitarity violation in this Higgs Inflation �
Longitudinal mode of the weak gauge bosons (or the NG mode)  
receives mass with spiky feature at the reheating/oscillation phase, 

(’15 DeCross, Kaiser, Prabhu, Prescod-Weistein, Sfakianakis, ’16 Ema, Jinno, Mukaida, Nakayama)
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
2

eff
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

m
sp2

eff � λM
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

which leads to the violent excitation of gauge boson with k �
�

λMpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

MP/ξ

MP

MP/ξ MP/√ξ h

E

Weak coupling

Λg-s

Λgauge

Strong coupling

ΛPlanck

(’16 Ema, Jinno, Mukaida, Nakayama) (’11 Bezrukov, Gorbunov, & Shaposhnikov)

=> Unitarity violation �

9/20



Slide Background Courtesy: H. Oide

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>
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Z

d4x
√
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M2
pl

2
+ ξ|H|2

!

R+
M2

pl

12M2
R2

− |DµH|2 − λ|H|4

#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)
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Slide Background Courtesy: H. Oide

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>
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Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

     term gives rise to a new scalar  
degree of freedom, scalaron, with  
and the inflation becomes a two-field model  
(in the Einstein frame). 

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Cosmological predictions are unchanged.
’20 He, Jinno, KK, Starobinsky, Yokoyama

<latexit sha1_base64="bT5AMd74tUwh+/WGMFAB3ZGYWCw=">AAACGHicbVDLSgMxFL3js9ZX1aWbYBFclRnxtRGKbtwIFewDOkPJpJk2NMkMSUYoQ3/DhRv9FHfi1p1f4ta0nYVtPRA4nHMv9+SECWfauO63s7S8srq2Xtgobm5t7+yW9vYbOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYaD27HffKJKs1g+mmFCA4F7kkWMYGMlX3R8zXoCo2t03ymV3Yo7AVokXk7KkKPWKf343ZikgkpDONa67bmJCTKsDCOcjop+qmmCyQD3aNtSiQXVQTbJPELHVumiKFb2SYMm6t+NDAuthyK0kwKbvp73xuK/XihmLmfaRuvT7lwcE10FGZNJaqgk0zRRypGJ0bgl1GWKEsOHlmCimP0QIn2sMDG2y6JtypvvZZE0TiveReX84axcvck7K8AhHMEJeHAJVbiDGtSBQALP8Apvzovz7nw4n9PRJSffOYAZOF+/I8agfg==</latexit>

mσ = M

10/20



Slide Background Courtesy: H. Oide

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R+
M2

pl

12M2
R2

− |DµH|2 − λ|H|4

#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1
<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

<latexit sha1_base64="hODHwz+aJgtSlZwG5fai/0Mx2eQ=">AAACIXicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVl047KKfUATy2Ry0w6dPJiZCCH0W1y40U9xJ+7ED3HrtM3Cth4YOJxzL/fM8RLOpLKsL2NtfWNza7u0U97d2z84NI+OOzJOBYU2jXkseh6RwFkEbcUUh14igIQeh643vpn63ScQksXRg8oScEMyjFjAKFFaGpgVh/BkRHDuKMZ9wPeTx/rArFo1awa8SuyCVFGB1sD8cfyYpiFEinIiZd+2EuXmRChGOUzKTiohIXRMhtDXNCIhSDefhZ/gM634OIiFfpHCM/XvRk5CKbPQ05MhUSO57E3Ffz0vXLicSx1tBP5SHBVcuTmLklRBROdpgpRjFeNpXdhnAqjimSaECqY/hOmICEKVLrWsm7KXe1klnXrNbtQadxfV5nXRWQmdoFN0jmx0iZroFrVQG1GUoWf0it6MF+Pd+DA+56NrRrFTQQswvn8BniWj3Q==</latexit>

αR̃
2 <latexit sha1_base64="l0PM7Zu1SqSeqO7TSYYs+Q7KntA=">AAACIXicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxJBfuAJpTJZNIMnUnCzEQMod/iwo1+ijtxJ36IW6dtFrb1wMDhnHu5Z46XMCqVZX0ZpbX1jc2t8nZlZ3dv/8A8POrKOBWYdHDMYtH3kCSMRqSjqGKknwiCuMdIzxvfTP3eIxGSxtGDyhLicjSKaEAxUloamtW6g1gSIuhIyuEddJ7o2dCsWQ1rBrhK7ILUQIH20Pxx/BinnEQKMyTlwLYS5eZIKIoZmVScVJIE4TEakYGmEeJEuvks/ASeasWHQSz0ixScqX83csSlzLinJzlSoVz2puK/nscXLudSRwuJvxRHBVduTqMkVSTC8zRByqCK4bQu6FNBsGKZJggLqj8EcYgEwkqXWtFN2cu9rJLuecNuNpr3F7XWddFZGRyDE1AHNrgELXAL2qADMMjAM3gFb8aL8W58GJ/z0ZJR7FTBAozvX4HuozY=</latexit>

(α ∼ Nξ)

10/20

Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)



Slide Background Courtesy: H. Oide

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>

S =

Z

d4x
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M2
pl

2
+ ξ|H|2

!

R+
M2

pl
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R2

− |DµH|2 − λ|H|4

#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 

where the scalaron is non-perturbatively induced from the resummation 
of the dominant one-loop correction in the theory with conformal mode.

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1
<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="hODHwz+aJgtSlZwG5fai/0Mx2eQ=">AAACIXicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVl047KKfUATy2Ry0w6dPJiZCCH0W1y40U9xJ+7ED3HrtM3Cth4YOJxzL/fM8RLOpLKsL2NtfWNza7u0U97d2z84NI+OOzJOBYU2jXkseh6RwFkEbcUUh14igIQeh643vpn63ScQksXRg8oScEMyjFjAKFFaGpgVh/BkRHDuKMZ9wPeTx/rArFo1awa8SuyCVFGB1sD8cfyYpiFEinIiZd+2EuXmRChGOUzKTiohIXRMhtDXNCIhSDefhZ/gM634OIiFfpHCM/XvRk5CKbPQ05MhUSO57E3Ffz0vXLicSx1tBP5SHBVcuTmLklRBROdpgpRjFeNpXdhnAqjimSaECqY/hOmICEKVLrWsm7KXe1klnXrNbtQadxfV5nXRWQmdoFN0jmx0iZroFrVQG1GUoWf0it6MF+Pd+DA+56NrRrFTQQswvn8BniWj3Q==</latexit>

αR̃
2 <latexit sha1_base64="l0PM7Zu1SqSeqO7TSYYs+Q7KntA=">AAACIXicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxJBfuAJpTJZNIMnUnCzEQMod/iwo1+ijtxJ36IW6dtFrb1wMDhnHu5Z46XMCqVZX0ZpbX1jc2t8nZlZ3dv/8A8POrKOBWYdHDMYtH3kCSMRqSjqGKknwiCuMdIzxvfTP3eIxGSxtGDyhLicjSKaEAxUloamtW6g1gSIuhIyuEddJ7o2dCsWQ1rBrhK7ILUQIH20Pxx/BinnEQKMyTlwLYS5eZIKIoZmVScVJIE4TEakYGmEeJEuvks/ASeasWHQSz0ixScqX83csSlzLinJzlSoVz2puK/nscXLudSRwuJvxRHBVduTqMkVSTC8zRByqCK4bQu6FNBsGKZJggLqj8EcYgEwkqXWtFN2cu9rJLuecNuNpr3F7XWddFZGRyDE1AHNrgELXAL2qADMMjAM3gFb8aL8W58GJ/z0ZJR7FTBAozvX4HuozY=</latexit>

(α ∼ Nξ)

10/20

Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)



Slide Background Courtesy: H. Oide

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>

S =
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2
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M2

pl

12M2
R2
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#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

Practically, an auxiliary field    in the conformal factor     becomes dynamical. 
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Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)
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cutoff scale is pushed up to the Planck scale. 
Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

where the scalaron is non-perturbatively induced from the resummation 
of the dominant one-loop correction in the theory with conformal mode.
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πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1
<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="hODHwz+aJgtSlZwG5fai/0Mx2eQ=">AAACIXicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVl047KKfUATy2Ry0w6dPJiZCCH0W1y40U9xJ+7ED3HrtM3Cth4YOJxzL/fM8RLOpLKsL2NtfWNza7u0U97d2z84NI+OOzJOBYU2jXkseh6RwFkEbcUUh14igIQeh643vpn63ScQksXRg8oScEMyjFjAKFFaGpgVh/BkRHDuKMZ9wPeTx/rArFo1awa8SuyCVFGB1sD8cfyYpiFEinIiZd+2EuXmRChGOUzKTiohIXRMhtDXNCIhSDefhZ/gM634OIiFfpHCM/XvRk5CKbPQ05MhUSO57E3Ffz0vXLicSx1tBP5SHBVcuTmLklRBROdpgpRjFeNpXdhnAqjimSaECqY/hOmICEKVLrWsm7KXe1klnXrNbtQadxfV5nXRWQmdoFN0jmx0iZroFrVQG1GUoWf0it6MF+Pd+DA+56NrRrFTQQswvn8BniWj3Q==</latexit>

αR̃
2 <latexit sha1_base64="l0PM7Zu1SqSeqO7TSYYs+Q7KntA=">AAACIXicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxJBfuAJpTJZNIMnUnCzEQMod/iwo1+ijtxJ36IW6dtFrb1wMDhnHu5Z46XMCqVZX0ZpbX1jc2t8nZlZ3dv/8A8POrKOBWYdHDMYtH3kCSMRqSjqGKknwiCuMdIzxvfTP3eIxGSxtGDyhLicjSKaEAxUloamtW6g1gSIuhIyuEddJ7o2dCsWQ1rBrhK7ILUQIH20Pxx/BinnEQKMyTlwLYS5eZIKIoZmVScVJIE4TEakYGmEeJEuvks/ASeasWHQSz0ixScqX83csSlzLinJzlSoVz2puK/nscXLudSRwuJvxRHBVduTqMkVSTC8zRByqCK4bQu6FNBsGKZJggLqj8EcYgEwkqXWtFN2cu9rJLuecNuNpr3F7XWddFZGRyDE1AHNrgELXAL2qADMMjAM3gFb8aL8W58GJ/z0ZJR7FTBAozvX4HuozY=</latexit>

(α ∼ Nξ)

10/20

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)



Slide Background Courtesy: H. Oide

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R+
M2

pl

12M2
R2

− |DµH|2 − λ|H|4

#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 
Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

where the scalaron is non-perturbatively induced from the resummation 
of the dominant one-loop correction in the theory with conformal mode.

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1
<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="hODHwz+aJgtSlZwG5fai/0Mx2eQ=">AAACIXicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVl047KKfUATy2Ry0w6dPJiZCCH0W1y40U9xJ+7ED3HrtM3Cth4YOJxzL/fM8RLOpLKsL2NtfWNza7u0U97d2z84NI+OOzJOBYU2jXkseh6RwFkEbcUUh14igIQeh643vpn63ScQksXRg8oScEMyjFjAKFFaGpgVh/BkRHDuKMZ9wPeTx/rArFo1awa8SuyCVFGB1sD8cfyYpiFEinIiZd+2EuXmRChGOUzKTiohIXRMhtDXNCIhSDefhZ/gM634OIiFfpHCM/XvRk5CKbPQ05MhUSO57E3Ffz0vXLicSx1tBP5SHBVcuTmLklRBROdpgpRjFeNpXdhnAqjimSaECqY/hOmICEKVLrWsm7KXe1klnXrNbtQadxfV5nXRWQmdoFN0jmx0iZroFrVQG1GUoWf0it6MF+Pd+DA+56NrRrFTQQswvn8BniWj3Q==</latexit>

αR̃
2 <latexit sha1_base64="l0PM7Zu1SqSeqO7TSYYs+Q7KntA=">AAACIXicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxJBfuAJpTJZNIMnUnCzEQMod/iwo1+ijtxJ36IW6dtFrb1wMDhnHu5Z46XMCqVZX0ZpbX1jc2t8nZlZ3dv/8A8POrKOBWYdHDMYtH3kCSMRqSjqGKknwiCuMdIzxvfTP3eIxGSxtGDyhLicjSKaEAxUloamtW6g1gSIuhIyuEddJ7o2dCsWQ1rBrhK7ILUQIH20Pxx/BinnEQKMyTlwLYS5eZIKIoZmVScVJIE4TEakYGmEeJEuvks/ASeasWHQSz0ixScqX83csSlzLinJzlSoVz2puK/nscXLudSRwuJvxRHBVduTqMkVSTC8zRByqCK4bQu6FNBsGKZJggLqj8EcYgEwkqXWtFN2cu9rJLuecNuNpr3F7XWddFZGRyDE1AHNrgELXAL2qADMMjAM3gFb8aL8W58GJ/z0ZJR7FTBAozvX4HuozY=</latexit>

(α ∼ Nξ)
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µ

MP /ξ

R |H |2 , R2

ø MP

RµνRµν

NLSM (2.10) LSM (3.3)

(’20 Ema, Mukaida, van de Vis)

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)



Slide Background Courtesy: H. Oide

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)

UV-extension by      termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="/jgJksYZGNCTs638pPD5TIy9MdU="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R+
M2

pl

12M2
R2

− |DµH|2 − λ|H|4

#

Once we add the     term in the theory, R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

cutoff scale is pushed up to the Planck scale. 

where the scalaron is non-perturbatively induced from the resummation 
of the dominant one-loop correction in the theory with conformal mode.

ϕ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξM2

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

+
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

But fine-tuning is needed for small Higgs mass and cosmological constant…

(’17 Ema, ’18 Gorbunov&Tokareva/ ’18 He, Jinno, KK+)

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1
<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="90FoU2KvHnuCUoGmNJAihkbIq7U=">AAACFnicbVC7TsMwFHV4lvIqMLJYVEhMVYJ4jRUsjAXRh2ijynFuWqu2E9kOUhX1LxhY4FPYECsrX8KK22agLUeydHTOvbrHJ0g408Z1v52l5ZXVtfXCRnFza3tnt7S339BxqijUacxj1QqIBs4k1A0zHFqJAiICDs1gcDP2m0+gNIvlgxkm4AvSkyxilBgrPWYdw3gI+H7ULZXdijsBXiReTsooR61b+umEMU0FSEM50brtuYnxM6IMoxxGxU6qISF0QHrQtlQSAdrPJolH+NgqIY5iZZ80eKL+3ciI0HooAjspiOnreW8s/usFYuZypm20PoRzcUx05WdMJqkBSadpopRjE+NxRzhkCqjhQ0sIVcx+CNM+UYQa22TRNuXN97JIGqcV76JyfndWrl7nnRXQITpCJ8hDl6iKblEN1RFFEj2jV/TmvDjvzofzOR1dcvKdAzQD5+sXiz2gPw==</latexit>

R̃

<latexit sha1_base64="hODHwz+aJgtSlZwG5fai/0Mx2eQ=">AAACIXicbVDLSsNAFJ34rPUV7dLNYBFclaRIdVl047KKfUATy2Ry0w6dPJiZCCH0W1y40U9xJ+7ED3HrtM3Cth4YOJxzL/fM8RLOpLKsL2NtfWNza7u0U97d2z84NI+OOzJOBYU2jXkseh6RwFkEbcUUh14igIQeh643vpn63ScQksXRg8oScEMyjFjAKFFaGpgVh/BkRHDuKMZ9wPeTx/rArFo1awa8SuyCVFGB1sD8cfyYpiFEinIiZd+2EuXmRChGOUzKTiohIXRMhtDXNCIhSDefhZ/gM634OIiFfpHCM/XvRk5CKbPQ05MhUSO57E3Ffz0vXLicSx1tBP5SHBVcuTmLklRBROdpgpRjFeNpXdhnAqjimSaECqY/hOmICEKVLrWsm7KXe1klnXrNbtQadxfV5nXRWQmdoFN0jmx0iZroFrVQG1GUoWf0it6MF+Pd+DA+56NrRrFTQQswvn8BniWj3Q==</latexit>

αR̃
2

10/20

<latexit sha1_base64="l0PM7Zu1SqSeqO7TSYYs+Q7KntA=">AAACIXicbVDLSsNAFJ3UV62vaJduBotQNyURqS6LblxJBfuAJpTJZNIMnUnCzEQMod/iwo1+ijtxJ36IW6dtFrb1wMDhnHu5Z46XMCqVZX0ZpbX1jc2t8nZlZ3dv/8A8POrKOBWYdHDMYtH3kCSMRqSjqGKknwiCuMdIzxvfTP3eIxGSxtGDyhLicjSKaEAxUloamtW6g1gSIuhIyuEddJ7o2dCsWQ1rBrhK7ILUQIH20Pxx/BinnEQKMyTlwLYS5eZIKIoZmVScVJIE4TEakYGmEeJEuvks/ASeasWHQSz0ixScqX83csSlzLinJzlSoVz2puK/nscXLudSRwuJvxRHBVduTqMkVSTC8zRByqCK4bQu6FNBsGKZJggLqj8EcYgEwkqXWtFN2cu9rJLuecNuNpr3F7XWddFZGRyDE1AHNrgELXAL2qADMMjAM3gFb8aL8W58GJ/z0ZJR7FTBAozvX4HuozY=</latexit>

(α ∼ Nξ)

Indeed, this is natural appearance from the quantum correction  
of the scalar sector at the leading order in the large-N analysis

µ

MP /ξ

R |H |2 , R2

ø MP

RµνRµν

NLSM (2.10) LSM (3.3)

(’20 Ema, Mukaida, van de Vis)

(’15 Salvio & Mazumdar, ’19 Ema, ’20 Ema, Mukaida, van de Vis)



Slide Background Courtesy: H. Oide

Higgs inflation in Palatini and Einstein-Cartan formalism
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Slide Background Courtesy: H. Oide

Higgs inflation with     UV extension is reasonable 
and free from Unitarity problem.  
But it still has a naturalness problem.  
How is the situation in its variants �? 

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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Slide Background Courtesy: H. Oide

Higgs inflation in Palatini formalism
We studied Higgs inflation in metric formalism => connection = Levi-Civita.

<latexit sha1_base64="qCrmMzS7JArlFQONMVh8u2ruGGU="></latexit>

Γ̄
ρ

µν
= Γ

ρ

µν
≡

1

2
g
ρσ(∂µgνσ + ∂νgσµ − ∂ρgµν)
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Slide Background Courtesy: H. Oide

<latexit sha1_base64="qCrmMzS7JArlFQONMVh8u2ruGGU="></latexit>

Γ̄
ρ

µν
= Γ

ρ

µν
≡

1

2
g
ρσ(∂µgνσ + ∂νgσµ − ∂ρgµν)

How about in the Palatini formalism?
<latexit sha1_base64="J+fhYEBSEOwMTkp9VdYmXQoch8g=">AAACKnicbVDLSgMxFM34rPVVdamLYBFclRnxtSy60GUF+4BOLXcymTY0yQxJRihDN36NCzf6Ke6KW//BreljYVsPBA7n3EvOPUHCmTauO3SWlldW19ZzG/nNre2d3cLefk3HqSK0SmIeq0YAmnImadUww2kjURREwGk96N2O/PozVZrF8tH0E9oS0JEsYgSMldqFo8wPQGH/DoSAwZOvunE780Xqy3SA24WiW3LHwIvEm5IimqLSLvz4YUxSQaUhHLRuem5iWhkowwing7yfapoA6UGHNi2VIKhuZeMrBvjEKiGOYmWfNHis/t3IQGjdF4GdFGC6et4bif96gZj5OdM2WpeGc3FMdN3KmExSQyWZpIlSjk2MR73hkClKDO9bAkQxexAmXVBAjG03b5vy5ntZJLWzkndZung4L5Zvpp3l0CE6RqfIQ1eojO5RBVURQS/oFb2jD+fN+XSGztdkdMmZ7hygGTjfv9CFqCs=</latexit>

Γ̄
ρ

µν and        are a priori independent while keeping torsionless.<latexit sha1_base64="1p6z8umI7Wtf0ng2wlCcsI183WM=">AAACF3icbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFItFRqospxnNaq7US2g1RF/QwGFvgUNsTKyJew4rYZaMuRLB2dc6/u8QlTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6yRShLZLwRHVCrClnkrYMM5x2UkWxCDl9DIe3E//xiSrNEvlgRikNBO5LFjOCjZW6/V7ui8yX2Rj1qjW37k6BlolXkBoUaPaqP36UkExQaQjHWnc9NzVBjpVhhNNxxc80TTEZ4j7tWiqxoDrIp5HH6MQqEYoTZZ80aKr+3cix0HokQjspsBnoRW8i/uuFYu5yrm20AY0W4pj4OsiZTDNDJZmliTOOTIImJaGIKUoMH1mCiWL2Q4gMsMLE2CortilvsZdl0j6re5f1i/vzWuOm6KwMR3AMp+DBFTTgDprQAgIJPMMrvDkvzrvz4XzORktOsXMIc3C+fgGOUaDM</latexit>

gµν

GR is reproduced by solving the EOM with E-H action.

Higgs inflation in Palatini formalism
We studied Higgs inflation in metric formalism => connection = Levi-Civita.
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<latexit sha1_base64="qCrmMzS7JArlFQONMVh8u2ruGGU="></latexit>

Γ̄
ρ

µν
= Γ

ρ

µν
≡

1

2
g
ρσ(∂µgνσ + ∂νgσµ − ∂ρgµν)

How about in the Palatini formalism?
<latexit sha1_base64="J+fhYEBSEOwMTkp9VdYmXQoch8g=">AAACKnicbVDLSgMxFM34rPVVdamLYBFclRnxtSy60GUF+4BOLXcymTY0yQxJRihDN36NCzf6Ke6KW//BreljYVsPBA7n3EvOPUHCmTauO3SWlldW19ZzG/nNre2d3cLefk3HqSK0SmIeq0YAmnImadUww2kjURREwGk96N2O/PozVZrF8tH0E9oS0JEsYgSMldqFo8wPQGH/DoSAwZOvunE780Xqy3SA24WiW3LHwIvEm5IimqLSLvz4YUxSQaUhHLRuem5iWhkowwing7yfapoA6UGHNi2VIKhuZeMrBvjEKiGOYmWfNHis/t3IQGjdF4GdFGC6et4bif96gZj5OdM2WpeGc3FMdN3KmExSQyWZpIlSjk2MR73hkClKDO9bAkQxexAmXVBAjG03b5vy5ntZJLWzkndZung4L5Zvpp3l0CE6RqfIQ1eojO5RBVURQS/oFb2jD+fN+XSGztdkdMmZ7hygGTjfv9CFqCs=</latexit>

Γ̄
ρ

µν

<latexit sha1_base64="1p6z8umI7Wtf0ng2wlCcsI183WM=">AAACF3icbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFItFRqospxnNaq7US2g1RF/QwGFvgUNsTKyJew4rYZaMuRLB2dc6/u8QlTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6yRShLZLwRHVCrClnkrYMM5x2UkWxCDl9DIe3E//xiSrNEvlgRikNBO5LFjOCjZW6/V7ui8yX2Rj1qjW37k6BlolXkBoUaPaqP36UkExQaQjHWnc9NzVBjpVhhNNxxc80TTEZ4j7tWiqxoDrIp5HH6MQqEYoTZZ80aKr+3cix0HokQjspsBnoRW8i/uuFYu5yrm20AY0W4pj4OsiZTDNDJZmliTOOTIImJaGIKUoMH1mCiWL2Q4gMsMLE2CortilvsZdl0j6re5f1i/vzWuOm6KwMR3AMp+DBFTTgDprQAgIJPMMrvDkvzrvz4XzORktOsXMIc3C+fgGOUaDM</latexit>

gµν

GR is reproduced by solving the EOM with E-H action.
conformal 
trans.

Palatini

metric

<latexit sha1_base64="KkL5djXW3N/GnQe8UF9/U3Wi/e4=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsKthbaoWQyaSc0yQxJRihDf8GFG/0Ud+LWP/BL3JppZ2FbDwQO59zLPTlBwpk2rvvtlFZW19Y3ypuVre2d3b3q/kFbx6kitEViHqtOgDXlTNKWYYbTTqIoFgGnj8HoNvcfn6jSLJYPZpxQX+ChZANGsMmlHolYv1pz6+4UaJl4BalBgWa/+tMLY5IKKg3hWOuu5ybGz7AyjHA6qfRSTRNMRnhIu5ZKLKj2s2nWCTqxSogGsbJPGjRV/25kWGg9FoGdFNhEetHLxX+9QMxdzrSNFtFwIY4ZXPsZk0lqqCSzNIOUIxOjvB0UMkWJ4WNLMFHMfgiRCCtMjO2wYpvyFntZJu2zundZv7g/rzVuis7KcATHcAoeXEED7qAJLSAQwTO8wpvz4rw7H87nbLTkFDuHMAfn6xfS8p27</latexit>

χ

<latexit sha1_base64="XgsOKonm2EboXK6efcq3OL6r2/s=">AAACE3icbVDLSgMxFM34rPVVdekmWIS6KTPia1l047KCfUA7lEzmThuaZIYkI5ShH+HCjX6KO3HrB/glbk3bWdjWA4HDOfdyT06QcKaN6347K6tr6xubha3i9s7u3n7p4LCp41RRaNCYx6odEA2cSWgYZji0EwVEBBxawfBu4reeQGkWy0czSsAXpC9ZxCgxVmo1K106YGe9UtmtulPgZeLlpIxy1Huln24Y01SANJQTrTuemxg/I8owymFc7KYaEkKHpA8dSyURoP1sGneMT60S4ihW9kmDp+rfjYwIrUcisJOCmIFe9Cbiv14g5i5n2kYbQLgQx0Q3fsZkkhqQdJYmSjk2MZ4UhEOmgBo+soRQxeyHMB0QRaixNRZtU95iL8ukeV71rqqXDxfl2m3eWQEdoxNUQR66RjV0j+qogSgaomf0it6cF+fd+XA+Z6MrTr5zhObgfP0CW96egA==</latexit>

V (χ)

<latexit sha1_base64="NtK6ja/Lz2Cz5mL71ivtrtk7t/g=">AAACGXicbVDLSgMxFM34rPVVdekmWARXZUZ8LYtu3AgV7APaoWQyt21okhmTjFCGfocLN/op7sStK7/ErZl2Frb1QOBwzr3ckxPEnGnjut/O0vLK6tp6YaO4ubW9s1va22/oKFEU6jTikWoFRANnEuqGGQ6tWAERAYdmMLzJ/OYTKM0i+WBGMfiC9CXrMUqMlfy7bkcQM1Aijfm4Wyq7FXcCvEi8nJRRjlq39NMJI5oIkIZyonXbc2Pjp0QZRjmMi51EQ0zokPShbakkArSfTkKP8bFVQtyLlH3S4In6dyMlQuuRCOxkFlHPe5n4rxeImcupttEGEM7FMb0rP2UyTgxIOk3TSzg2Ec5qwiFTQA0fWUKoYvZDmA6IItTYMou2KW++l0XSOK14F5Xz+7Ny9TrvrIAO0RE6QR66RFV0i2qojih6RM/oFb05L8678+F8TkeXnHznAM3A+foFmgGh6g==</latexit>

Mpl

<latexit sha1_base64="SLwE5EQXh7vXuBzRxaCgf9CbRm4=">AAACJXicbVDLSsNAFJ3UV62vqAsXboJFcNUmxdey6MaNUME+oIlhMpm0Q2eSMDMRS8jXuHCjn+JOBFd+hlsnbRa29cDA4Zx7mXOPF1MipGl+aaWl5ZXVtfJ6ZWNza3tH393riCjhCLdRRCPe86DAlIS4LYmkuBdzDJlHcdcbXed+9xFzQaLwXo5j7DA4CElAEJRKcvWDW9dmUA45S2Oa1e0n8pBa9Ubm6lWzZk5gLBKrIFVQoOXqP7YfoYThUCIKhehbZiydFHJJEMVZxU4EjiEawQHuKxpChoWTTg7IjGOl+EYQcfVCaUzUvxspZEKMmacm87Bi3svFfz2PzfycChVtiP25ODK4dFISxonEIZqmCRJqyMjIKzN8wjGSdKwIRJyogww0hBwiqYqtqKas+V4WSadRs85rZ3en1eZV0VkZHIIjcAIscAGa4Aa0QBsgkIFn8AretBftXfvQPqejJa3Y2Qcz0L5/AVbVpdM=</latexit>

Mpl/ξ
1/2

Fits CMB data well with
<latexit sha1_base64="tHJC3XuGIfBOKKx90EazFbgGE6A=">AAACJ3icbVC7TsMwFHXKq5RXgAmxWFRITFWCeI0VLIxFog+pCZXj3LZW7STYDqKKKr6GgQU+hQ3ByFew4j4G2nIkS0fn3CPfe4KEM6Ud58vKLSwuLa/kVwtr6xubW/b2Tk3FqaRQpTGPZSMgCjiLoKqZ5tBIJBARcKgHvauhX38AqVgc3ep+Ar4gnYi1GSXaSC17z3tknmIC7rHr3GWuM8AeN/GQtOyiU3JGwPPEnZAimqDSsn+8MKapgEhTTpRquk6i/YxIzSiHQcFLFSSE9kgHmoZGRIDys9EJA3xolBC3Y2lepPFI/ZvIiFCqLwIzKYjuqllvKP7rBWLq50yZ1boQzqyj2xd+xqIk1RDR8TbtlGMd42FpOGQSqOZ9QwiVzByEaZdIQrWptmCacmd7mSe145J7Vjq9OSmWLyed5dE+OkBHyEXnqIyuUQVVEUVP6Bm9ojfrxXq3PqzP8WjOmmR20RSs71/KoqX7</latexit>

ξ ' 10
10λ

and        are a priori independent while keeping torsionless.

<latexit sha1_base64="eiE5yvcRnGkdYSzmIOCI9tnaHq8=">AAACNXicbVDLTgIxFO3gC/GFunTTSIxuJDNGRXdENy4xipgAkk7nAo1tZ2g7JmTCJ/g1Ltzoh7hwZ9y6dGt5mAh4kiYn59ybnnv8iDNtXPfNSc3Mzs0vpBczS8srq2vZ9Y0bHcaKQpmGPFS3PtHAmYSyYYbDbaSACJ9Dxb8/7/uVB1CahfLadCOoC9KSrMkoMVZqZHdl4wrXNBPQwW7+tIBrnZgEWP1qnnuX7HuHvUY25+bdAfA08UYkh0YoNbLftSCksQBpKCdaVz03MvWEKMMoh16mFmuICL0nLahaKokAXU8GB/XwjlUC3AyVfdLggfp3IyFC667w7aQgpq0nvb74r+eLsZ8TbaO1IZiIY5on9YTJKDYg6TBNM+bYhLhfIQ6YAmp41xJCFbMHYdomilBji87YprzJXqbJzUHeO84fXR7mimejztJoC22jPeShAiqiC1RCZUTRI3pCL+jVeXbenQ/ncziackY7m2gMztcPU5CqIA==</latexit>

nS ' 0.97 r ' 10
−14 (’08 Bauer & Demir)

<latexit sha1_base64="w2yA0v3VXxoKLTjVzI0KY06dhJo="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R(g, Γ̄)− |DµH|2 − λ|H|4

#

Higgs inflation in Palatini formalism
We studied Higgs inflation in metric formalism => connection = Levi-Civita.
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Unitarity issues of Higgs inflation in Palatini formalism

- Cutoff scale of the theory (at the vacuum):  
<latexit sha1_base64="19lBvletGGCWgzj7x6ARWnPuEnc="></latexit>

Λ '
Mplp

ξ
�

Mpl

ξ (’11 Bauer & Demir)

- Violent preheating of the NG mode/gauge bosons is absent 
  and no unitarity problem during inflation and reheating. (’19 Rubio & Tomberg)

- Extended theory with conformal mode does not lead to UV-extension. 

=> Much different from that in metric formalism

(’18 Eckell+)

- Introduction of      term does not induce scalaron  
  but leads to                theory. <latexit sha1_base64="U54MbR8L41uBzBPTlyHjkC+w+cc=">AAACIXicbVDNS8MwHE3n15xf1R29BIewgYx2+HUcevE4wX3AVkeaZmtY0pYkFUrZ3+LBi/4p3sSb+Id4Nd16cJsPAo/3fr/k5bkRo1JZ1pdRWFvf2Nwqbpd2dvf2D8zDo44MY4FJG4csFD0XScJoQNqKKkZ6kSCIu4x03clt5nefiJA0DB5UEhGHo3FARxQjpaWhWW5V/bPqIEJCUcSgX3ts1IZmxapbM8BVYuekAnK0hubPwAtxzEmgMENS9m0rUk6a3YkZmZYGsSQRwhM0Jn1NA8SJdNJZ+Ck81YoHR6HQJ1Bwpv7dSBGXMuGunuRI+XLZy8R/PZcvvJxKHc0n3lIcNbp2UhpEsSIBnqcZxQyqEGZ1QY8KghVLNEFYUP0hiH0kEFa61JJuyl7uZZV0GnX7sn5xf15p3uSdFcExOAFVYIMr0AR3oAXaAIMEPINX8Ga8GO/Gh/E5Hy0Y+U4ZLMD4/gXlX6LZ</latexit>

P (h, (∂h)2)

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(’21 Mikura & Tada)

14/20
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Unitarity issues of Higgs inflation in Palatini formalism

- Cutoff scale of the theory (at the vacuum):  
<latexit sha1_base64="19lBvletGGCWgzj7x6ARWnPuEnc="></latexit>

Λ '
Mplp

ξ
�

Mpl

ξ (’11 Bauer & Demir)

(’19 Rubio & Tomberg)

- Extended theory with conformal mode does not lead to UV-extension. 

=> Much different from that in metric formalism

(’18 Eckell+)

- Introduction of      term does not induce scalaron  
  but leads to                theory. <latexit sha1_base64="U54MbR8L41uBzBPTlyHjkC+w+cc=">AAACIXicbVDNS8MwHE3n15xf1R29BIewgYx2+HUcevE4wX3AVkeaZmtY0pYkFUrZ3+LBi/4p3sSb+Id4Nd16cJsPAo/3fr/k5bkRo1JZ1pdRWFvf2Nwqbpd2dvf2D8zDo44MY4FJG4csFD0XScJoQNqKKkZ6kSCIu4x03clt5nefiJA0DB5UEhGHo3FARxQjpaWhWW5V/bPqIEJCUcSgX3ts1IZmxapbM8BVYuekAnK0hubPwAtxzEmgMENS9m0rUk6a3YkZmZYGsSQRwhM0Jn1NA8SJdNJZ+Ck81YoHR6HQJ1Bwpv7dSBGXMuGunuRI+XLZy8R/PZcvvJxKHc0n3lIcNbp2UhpEsSIBnqcZxQyqEGZ1QY8KghVLNEFYUP0hiH0kEFa61JJuyl7uZZV0GnX7sn5xf15p3uSdFcExOAFVYIMr0AR3oAXaAIMEPINX8Ga8GO/Gh/E5Hy0Y+U4ZLMD4/gXlX6LZ</latexit>

P (h, (∂h)2)

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(’21 Mikura & Tada)

How can we understand these differences? 
Are there any “natural” models of Higgs inflation?

- Violent preheating of the NG mode/gauge bosons is absent 
  and no unitarity problem during inflation and reheating.
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Einstein-Cartan connects metric to Palatini
<latexit sha1_base64="J+fhYEBSEOwMTkp9VdYmXQoch8g=">AAACKnicbVDLSgMxFM34rPVVdamLYBFclRnxtSy60GUF+4BOLXcymTY0yQxJRihDN36NCzf6Ke6KW//BreljYVsPBA7n3EvOPUHCmTauO3SWlldW19ZzG/nNre2d3cLefk3HqSK0SmIeq0YAmnImadUww2kjURREwGk96N2O/PozVZrF8tH0E9oS0JEsYgSMldqFo8wPQGH/DoSAwZOvunE780Xqy3SA24WiW3LHwIvEm5IimqLSLvz4YUxSQaUhHLRuem5iWhkowwing7yfapoA6UGHNi2VIKhuZeMrBvjEKiGOYmWfNHis/t3IQGjdF4GdFGC6et4bif96gZj5OdM2WpeGc3FMdN3KmExSQyWZpIlSjk2MR73hkClKDO9bAkQxexAmXVBAjG03b5vy5ntZJLWzkndZung4L5Zvpp3l0CE6RqfIQ1eojO5RBVURQS/oFb2jD+fN+XSGztdkdMmZ7hygGTjfv9CFqCs=</latexit>

Γ̄
ρ

µν and        are a priori independent with existence of torsion.<latexit sha1_base64="1p6z8umI7Wtf0ng2wlCcsI183WM=">AAACF3icbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFItFRqospxnNaq7US2g1RF/QwGFvgUNsTKyJew4rYZaMuRLB2dc6/u8QlTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6yRShLZLwRHVCrClnkrYMM5x2UkWxCDl9DIe3E//xiSrNEvlgRikNBO5LFjOCjZW6/V7ui8yX2Rj1qjW37k6BlolXkBoUaPaqP36UkExQaQjHWnc9NzVBjpVhhNNxxc80TTEZ4j7tWiqxoDrIp5HH6MQqEYoTZZ80aKr+3cix0HokQjspsBnoRW8i/uuFYu5yrm20AY0W4pj4OsiZTDNDJZmliTOOTIImJaGIKUoMH1mCiWL2Q4gMsMLE2CortilvsZdl0j6re5f1i/vzWuOm6KwMR3AMp+DBFTTgDprQAgIJPMMrvDkvzrvz4XzORktOsXMIc3C+fgGOUaDM</latexit>

gµν

<latexit sha1_base64="Jf18W2NSMxoselz38p+FN27QB5o="></latexit>

T
ρ

µν
≡ Γ̄

ρ

µν
− Γ̄

ρ

νµGR is reproduced by solving the EOM with E-H action.
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Einstein-Cartan connects metric to Palatini
<latexit sha1_base64="J+fhYEBSEOwMTkp9VdYmXQoch8g=">AAACKnicbVDLSgMxFM34rPVVdamLYBFclRnxtSy60GUF+4BOLXcymTY0yQxJRihDN36NCzf6Ke6KW//BreljYVsPBA7n3EvOPUHCmTauO3SWlldW19ZzG/nNre2d3cLefk3HqSK0SmIeq0YAmnImadUww2kjURREwGk96N2O/PozVZrF8tH0E9oS0JEsYgSMldqFo8wPQGH/DoSAwZOvunE780Xqy3SA24WiW3LHwIvEm5IimqLSLvz4YUxSQaUhHLRuem5iWhkowwing7yfapoA6UGHNi2VIKhuZeMrBvjEKiGOYmWfNHis/t3IQGjdF4GdFGC6et4bif96gZj5OdM2WpeGc3FMdN3KmExSQyWZpIlSjk2MR73hkClKDO9bAkQxexAmXVBAjG03b5vy5ntZJLWzkndZung4L5Zvpp3l0CE6RqfIQ1eojO5RBVURQS/oFb2jD+fN+XSGztdkdMmZ7hygGTjfv9CFqCs=</latexit>

Γ̄
ρ

µν and        are a priori independent with existence of torsion.<latexit sha1_base64="1p6z8umI7Wtf0ng2wlCcsI183WM=">AAACF3icbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFItFRqospxnNaq7US2g1RF/QwGFvgUNsTKyJew4rYZaMuRLB2dc6/u8QlTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6yRShLZLwRHVCrClnkrYMM5x2UkWxCDl9DIe3E//xiSrNEvlgRikNBO5LFjOCjZW6/V7ui8yX2Rj1qjW37k6BlolXkBoUaPaqP36UkExQaQjHWnc9NzVBjpVhhNNxxc80TTEZ4j7tWiqxoDrIp5HH6MQqEYoTZZ80aKr+3cix0HokQjspsBnoRW8i/uuFYu5yrm20AY0W4pj4OsiZTDNDJZmliTOOTIImJaGIKUoMH1mCiWL2Q4gMsMLE2CortilvsZdl0j6re5f1i/vzWuOm6KwMR3AMp+DBFTTgDprQAgIJPMMrvDkvzrvz4XzORktOsXMIc3C+fgGOUaDM</latexit>

gµν

GR is reproduced by solving the EOM with E-H action.

Higgs inflation in E-C gravity with Nieh-Yan term is a generalization of  
metric and Palatini Higgs inflation. 

<latexit sha1_base64="w2yA0v3VXxoKLTjVzI0KY06dhJo="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R(g, Γ̄)− |DµH|2 − λ|H|4

#

<latexit sha1_base64="rIaY97GlnYhZifLhonjiP2wSn2I="></latexit>

−

ξη

4

Z

d4xφ2∂µ
�√

−gEµνρσTνρσ

�

(’20 Shaposhnikov, Shkerin, TImiryasov, & Zell)

<latexit sha1_base64="MtPApiDpM2M/L4xw1ptg2P8ZxAs=">AAACGXicbVC7TsMwFHXKq5RXgZHFokJiqhLEa0GqYGEsEn1ITVQ5zk1r1U6C7SCqqN/BwAKfwoZYmfgSVtw2A205kqWjc+7VPT5+wpnStv1tFZaWV1bXiuuljc2t7Z3y7l5Txamk0KAxj2XbJwo4i6ChmebQTiQQ4XNo+YObsd96BKlYHN3rYQKeIL2IhYwSbSTPfWJdFzTBV9jG3XLFrtoT4EXi5KSCctS75R83iGkqINKUE6U6jp1oLyNSM8phVHJTBQmhA9KDjqEREaC8bBJ6hI+MEuAwluZFGk/UvxsZEUoNhW8mBdF9Ne+NxX89X8xczpSJ1odgLo4OL72MRUmqIaLTNGHKsY7xuCYcMAlU86EhhEpmPoRpn0hCtSmzZJpy5ntZJM2TqnNePbs7rdSu886K6AAdomPkoAtUQ7eojhqIogf0jF7Rm/VivVsf1ud0tGDlO/toBtbXL0XwoIQ=</latexit>

ξη = 0

<latexit sha1_base64="pn96BfjvNtt70kduKlTwnTbX8UQ=">AAACGnicbVC7TsMwFHXKq5RXgZHFokJiqhLEa0GqYGEsEn1ITagc56a16jiR7SCqqP/BwAKfwoZYWfgSVpy2A205kqWjc+7VPT5+wpnStv1tFZaWV1bXiuuljc2t7Z3y7l5Txamk0KAxj2XbJwo4E9DQTHNoJxJI5HNo+YOb3G89glQsFvd6mIAXkZ5gIaNEG+nBfWJdFzTBVzin5YpdtcfAi8SZkgqaot4t/7hBTNMIhKacKNVx7ER7GZGaUQ6jkpsqSAgdkB50DBUkAuVl49QjfGSUAIexNE9oPFb/bmQkUmoY+WYyIrqv5r1c/Nfzo5nLmTLR+hDMxdHhpZcxkaQaBJ2kCVOOdYzznnDAJFDNh4YQKpn5EKZ9IgnVps2SacqZ72WRNE+qznn17O60UruedlZEB+gQHSMHXaAaukV11EAUSfSMXtGb9WK9Wx/W52S0YE139tEMrK9f+UShew==</latexit>

ξη = ξ -> metric Higgs inflation
-> Palatini Higgs inflation

Integrating out torsion and other non-dynamical DoF 

<latexit sha1_base64="Jf18W2NSMxoselz38p+FN27QB5o="></latexit>

T
ρ

µν
≡ Γ̄

ρ

µν
− Γ̄

ρ

νµ
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<latexit sha1_base64="Jf18W2NSMxoselz38p+FN27QB5o="></latexit>

T
ρ

µν
≡ Γ̄

ρ

µν
− Γ̄

ρ

νµ

Einstein-Cartan connects metric to Palatini
<latexit sha1_base64="J+fhYEBSEOwMTkp9VdYmXQoch8g=">AAACKnicbVDLSgMxFM34rPVVdamLYBFclRnxtSy60GUF+4BOLXcymTY0yQxJRihDN36NCzf6Ke6KW//BreljYVsPBA7n3EvOPUHCmTauO3SWlldW19ZzG/nNre2d3cLefk3HqSK0SmIeq0YAmnImadUww2kjURREwGk96N2O/PozVZrF8tH0E9oS0JEsYgSMldqFo8wPQGH/DoSAwZOvunE780Xqy3SA24WiW3LHwIvEm5IimqLSLvz4YUxSQaUhHLRuem5iWhkowwing7yfapoA6UGHNi2VIKhuZeMrBvjEKiGOYmWfNHis/t3IQGjdF4GdFGC6et4bif96gZj5OdM2WpeGc3FMdN3KmExSQyWZpIlSjk2MR73hkClKDO9bAkQxexAmXVBAjG03b5vy5ntZJLWzkndZung4L5Zvpp3l0CE6RqfIQ1eojO5RBVURQS/oFb2jD+fN+XSGztdkdMmZ7hygGTjfv9CFqCs=</latexit>

Γ̄
ρ

µν and        are a priori independent with existence of torsion.<latexit sha1_base64="1p6z8umI7Wtf0ng2wlCcsI183WM=">AAACF3icbVC7TsMwFL0pr1JeBUYWiwqJqUoQr7GChbFItFRqospxnNaq7US2g1RF/QwGFvgUNsTKyJew4rYZaMuRLB2dc6/u8QlTzrRx3W+ntLK6tr5R3qxsbe/s7lX3D9o6yRShLZLwRHVCrClnkrYMM5x2UkWxCDl9DIe3E//xiSrNEvlgRikNBO5LFjOCjZW6/V7ui8yX2Rj1qjW37k6BlolXkBoUaPaqP36UkExQaQjHWnc9NzVBjpVhhNNxxc80TTEZ4j7tWiqxoDrIp5HH6MQqEYoTZZ80aKr+3cix0HokQjspsBnoRW8i/uuFYu5yrm20AY0W4pj4OsiZTDNDJZmliTOOTIImJaGIKUoMH1mCiWL2Q4gMsMLE2CortilvsZdl0j6re5f1i/vzWuOm6KwMR3AMp+DBFTTgDprQAgIJPMMrvDkvzrvz4XzORktOsXMIc3C+fgGOUaDM</latexit>

gµν

GR is reproduced by solving the EOM with E-H action.

Higgs inflation in E-C gravity with Nieh-Yan term is a generalization of  
metric and Palatini Higgs inflation. 

<latexit sha1_base64="w2yA0v3VXxoKLTjVzI0KY06dhJo="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2
+ ξ|H|2

!

R(g, Γ̄)− |DµH|2 − λ|H|4

#

<latexit sha1_base64="rIaY97GlnYhZifLhonjiP2wSn2I="></latexit>

−

ξη

4

Z

d4xφ2∂µ
�√

−gEµνρσTνρσ

�

(’20 Shaposhnikov, Shkerin, TImiryasov, & Zell)

<latexit sha1_base64="MtPApiDpM2M/L4xw1ptg2P8ZxAs=">AAACGXicbVC7TsMwFHXKq5RXgZHFokJiqhLEa0GqYGEsEn1ITVQ5zk1r1U6C7SCqqN/BwAKfwoZYmfgSVtw2A205kqWjc+7VPT5+wpnStv1tFZaWV1bXiuuljc2t7Z3y7l5Txamk0KAxj2XbJwo4i6ChmebQTiQQ4XNo+YObsd96BKlYHN3rYQKeIL2IhYwSbSTPfWJdFzTBV9jG3XLFrtoT4EXi5KSCctS75R83iGkqINKUE6U6jp1oLyNSM8phVHJTBQmhA9KDjqEREaC8bBJ6hI+MEuAwluZFGk/UvxsZEUoNhW8mBdF9Ne+NxX89X8xczpSJ1odgLo4OL72MRUmqIaLTNGHKsY7xuCYcMAlU86EhhEpmPoRpn0hCtSmzZJpy5ntZJM2TqnNePbs7rdSu886K6AAdomPkoAtUQ7eojhqIogf0jF7Rm/VivVsf1ud0tGDlO/toBtbXL0XwoIQ=</latexit>

ξη = 0

<latexit sha1_base64="pn96BfjvNtt70kduKlTwnTbX8UQ=">AAACGnicbVC7TsMwFHXKq5RXgZHFokJiqhLEa0GqYGEsEn1ITagc56a16jiR7SCqqP/BwAKfwoZYWfgSVpy2A205kqWjc+7VPT5+wpnStv1tFZaWV1bXiuuljc2t7Z3y7l5Txamk0KAxj2XbJwo4E9DQTHNoJxJI5HNo+YOb3G89glQsFvd6mIAXkZ5gIaNEG+nBfWJdFzTBVzin5YpdtcfAi8SZkgqaot4t/7hBTNMIhKacKNVx7ER7GZGaUQ6jkpsqSAgdkB50DBUkAuVl49QjfGSUAIexNE9oPFb/bmQkUmoY+WYyIrqv5r1c/Nfzo5nLmTLR+hDMxdHhpZcxkaQaBJ2kCVOOdYzznnDAJFDNh4YQKpn5EKZ9IgnVps2SacqZ72WRNE+qznn17O60UruedlZEB+gQHSMHXaAaukV11EAUSfSMXtGb9WK9Wx/W52S0YE139tEMrK9f+UShew==</latexit>

ξη = ξ

Integrating out torsion and other non-dynamical DoF 
-> metric Higgs inflation
-> Palatini Higgs inflation

In E-C Higgs inflation, 
- How cutoff changes from metric to Palatini limit? 
- How quantum correction induces scalaron? 
- How      term UV-extends the theory? 
- Are there a “natural” value of            ? 

<latexit sha1_base64="5V8nK6F1Y7YiAKJjCiO81cIOFco=">AAACI3icbVC7TsMwFHXKq5RXADGxWFRITCVBvMYKFsYi0YfURJXj3LZWnQe2U1FF/RgGFvgUNsTCwHew4rQZaMuRLB2dc6/u8fFizqSyrC+jsLS8srpWXC9tbG5t75i7ew0ZJYJCnUY8Ei2PSOAshLpiikMrFkACj0PTG9xmfnMIQrIofFCjGNyA9ELWZZQoLXXMA4EdeEzYEDtPrOOAIqcZMctWxZoALxI7J2WUo9Yxfxw/okkAoaKcSNm2rVi5KRGKUQ7jkpNIiAkdkB60NQ1JANJNJ/HH+FgrPu5GQr9Q4Yn6dyMlgZSjwNOTAVF9Oe9l4r+eF8xcTqWO1gd/Lo7qXrspC+NEQUinaboJxyrCWWHYZwKo4iNNCBVMfwjTPhGEKl1rSTdlz/eySBpnFfuycnF/Xq7e5J0V0SE6QifIRleoiu5QDdURRSl6Rq/ozXgx3o0P43M6WjDynX00A+P7F30BpNw=</latexit>

r ≡ ξη/ξ

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
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Unitarity analysis in Einstein-Cartan Higgs inflation
Extended theory with conformal mode
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(’23 He, KK, Mukaida)
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Unitarity analysis in Einstein-Cartan Higgs inflation
Extended theory with conformal mode
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Unitarity analysis in Einstein-Cartan Higgs inflation
Extended theory with conformal mode
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Unitarity analysis in Einstein-Cartan Higgs inflation
Extended theory with conformal mode
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(’23 He, KK, Mukaida)

The 2-to-2 scattering amplitude can be evaluated as
<latexit sha1_base64="9Ti14wm2eiK5rMyxp6xiXyVKD0E="></latexit>

MIJ↔KL =
2

3

⇥

sIJ R̄I(KL)J + sIKR̄I(JL)K + sILR̄I(JK)L

⇤

,
(’16 Alonso+; ’19 Nagai+; 21 Cohen+,…)

<latexit sha1_base64="k6Yk1UTG/kAiMTnMaNi/58c0yTo=">AAACLnicbVC7TsMwFHV4lvIqMLJYVEgslKRChbGChYGhIPqQmlI5zm1r1U6C7SBVaVe+hoEFPgWJAbHyB6y4j4G2HMnS0TnnyvceL+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uRYWxpFCmIQ9lzSMKOAugrJnmUIskEOFxqHrdy6FffQSpWBjc6V4EDUHaAWsxSrSRmhnsXpuwT7CrmIAH3E9cj0h8O+jfJ8fOSX7QzGTtnD0CnifOhGTRBKVm5sf1QxoLCDTlRKm6Y0e6kRCpGeUwSLuxgojQLmlD3dCACFCNZHTJAB8axcetUJoXaDxS/04kRCjVE55JCqI7atYbiv96npj6OVFmtQ74M+vo1nkjYUEUawjoeJtWzLEO8bA77DMJVPOeIYRKZg7CtEMkodo0nDZNObO9zJNKPucUcoWb02zxYtJZCu2jA3SEHHSGiugKlVAZUfSEntErerNerHfr0/oaRxesycwemoL1/QtggKjV</latexit>

Λ ' |R̄|−1/2
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Extended theory with conformal mode
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(’23 He, KK, Mukaida)

The 2-to-2 scattering amplitude can be evaluated as
<latexit sha1_base64="9Ti14wm2eiK5rMyxp6xiXyVKD0E="></latexit>

MIJ↔KL =
2

3

⇥

sIJ R̄I(KL)J + sIKR̄I(JL)K + sILR̄I(JK)L

⇤

,
(’16 Alonso+; ’19 Nagai+; 21 Cohen+,…)

<latexit sha1_base64="k6Yk1UTG/kAiMTnMaNi/58c0yTo=">AAACLnicbVC7TsMwFHV4lvIqMLJYVEgslKRChbGChYGhIPqQmlI5zm1r1U6C7SBVaVe+hoEFPgWJAbHyB6y4j4G2HMnS0TnnyvceL+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uRYWxpFCmIQ9lzSMKOAugrJnmUIskEOFxqHrdy6FffQSpWBjc6V4EDUHaAWsxSrSRmhnsXpuwT7CrmIAH3E9cj0h8O+jfJ8fOSX7QzGTtnD0CnifOhGTRBKVm5sf1QxoLCDTlRKm6Y0e6kRCpGeUwSLuxgojQLmlD3dCACFCNZHTJAB8axcetUJoXaDxS/04kRCjVE55JCqI7atYbiv96npj6OVFmtQ74M+vo1nkjYUEUawjoeJtWzLEO8bA77DMJVPOeIYRKZg7CtEMkodo0nDZNObO9zJNKPucUcoWb02zxYtJZCu2jA3SEHHSGiugKlVAZUfSEntErerNerHfr0/oaRxesycwemoL1/QtggKjV</latexit>

Λ ' |R̄|−1/2It is frame independent! 
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Unitarity analysis in Einstein-Cartan Higgs inflation
Extended theory with conformal mode
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Cutoff scale of (tree-level) E-C Higgs inflation at the vacuum

<- “Palatini limit”

(’23 He, KK, Mukaida)
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UV extension of the Higgs inflation in EC formalism
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Quantum correction generates scalaron
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

<latexit sha1_base64="tcGnLjB3r3CZljDmOHiEIEo5gpk="></latexit>

α(R̃+AR + rAN−Y)
2, α ∼ Nξ2

(’23 He, KK, Mukaida)
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term w/ contributions from torsion and Nieh-Yan termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

leading contribution in the large     and     :  <latexit sha1_base64="1FPlzLe9YlVAbJtVCzFsgSFTNtY=">AAACDXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjStpwdZCO5RM5k4bmmSGJCOUoV/gwo1+ijtx6zf4JW5N21nY1gOBwzn3ck9OkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqKLRozGPVCYgGziS0DDMcOokCIgIOj8Hoduo/PoHSLJYPZpyAL8hAsohRYqzUvO+XK27VnQGvEi8nFZSj0S//9MKYpgKkoZxo3fXcxPgZUYZRDpNSL9WQEDoiA+haKokA7WezoBN8ZpUQR7GyTxo8U/9uZERoPRaBnRTEDPWyNxX/9QKxcDnTNtoQwqU4Jrr2MyaT1ICk8zRRyrGJ8bQaHDIF1PCxJYQqZj+E6ZAoQo0tsGSb8pZ7WSXti6pXq9aal5X6Td5ZEZ2gU3SOPHSF6ugONVALUQToGb2iN+fFeXc+nM/5aMHJd47RApyvX0sxnFw=</latexit>

N
<latexit sha1_base64="0u0fjeXH/V0geM3mA4Nr54mNgTE=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmVF+4B2KJlMpg1NMkOSEcvQT3DhRj/Fnbj1E/wSt6btLGzrgcDhnHu5JydIONPGdb+dldW19Y3NwlZxe2d3b790cNjUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTPzWI1WaxfLBjBLqC9yXLGIEGyvdd59Yr1R2K+4UaJl4OSlDjnqv9NMNY5IKKg3hWOuO5ybGz7AyjHA6LnZTTRNMhrhPO5ZKLKj2s2nUMTq1SoiiWNknDZqqfzcyLLQeicBOCmwGetGbiP96gZi7nGkbbUDDhTgmuvIzJpPUUElmaaKUIxOjSTkoZIoSw0eWYKKY/RAiA6wwMbbCom3KW+xlmTTPK161Ur27KNeu884KcAwncAYeXEINbqEODSDQh2d4hTfnxXl3PpzP2eiKk+8cwRycr18jWp1f</latexit>

ξ



Slide Background Courtesy: H. Oide

Quantum correction generates scalaron
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

term w/ contributions from torsion and Nieh-Yan term

<latexit sha1_base64="tcGnLjB3r3CZljDmOHiEIEo5gpk="></latexit>

α(R̃+AR + rAN−Y)
2, α ∼ Nξ2

R
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(’23 He, KK, Mukaida)

<latexit sha1_base64="Oa5AjLWAedq0RVU6jwLtWmpeHk8="></latexit>

S =

Z

d4x

"

Φ
2
E

12
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1

2
g̃µν

 

∂µΦE∂νΦE −

Φ
2
E/Ω

2

6M2
pl

∂µφi∂νφ
i

!

−

 

Φ
2
E/Ω

2

6M2
pl

!2

V (φ)− αγ2

− r2
Φ

2
E

8
g̃µν∂µ ln

�

�Ω
2
�

� ∂ν ln
�

�Ω
2
�

�

#

,
<latexit sha1_base64="OJ0UPe0oTuOm0TdGB7PYvOURXe0="></latexit>

Ω
2
≡ 1 + 12

✓

ξ

2

π̃2

i

Φ2

J

+ 2α
γ

Φ2

J

◆
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leading contribution in the large     and     :  <latexit sha1_base64="1FPlzLe9YlVAbJtVCzFsgSFTNtY=">AAACDXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjStpwdZCO5RM5k4bmmSGJCOUoV/gwo1+ijtx6zf4JW5N21nY1gOBwzn3ck9OkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqKLRozGPVCYgGziS0DDMcOokCIgIOj8Hoduo/PoHSLJYPZpyAL8hAsohRYqzUvO+XK27VnQGvEi8nFZSj0S//9MKYpgKkoZxo3fXcxPgZUYZRDpNSL9WQEDoiA+haKokA7WezoBN8ZpUQR7GyTxo8U/9uZERoPRaBnRTEDPWyNxX/9QKxcDnTNtoQwqU4Jrr2MyaT1ICk8zRRyrGJ8bQaHDIF1PCxJYQqZj+E6ZAoQo0tsGSb8pZ7WSXti6pXq9aal5X6Td5ZEZ2gU3SOPHSF6ugONVALUQToGb2iN+fFeXc+nM/5aMHJd47RApyvX0sxnFw=</latexit>

N
<latexit sha1_base64="0u0fjeXH/V0geM3mA4Nr54mNgTE=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmVF+4B2KJlMpg1NMkOSEcvQT3DhRj/Fnbj1E/wSt6btLGzrgcDhnHu5JydIONPGdb+dldW19Y3NwlZxe2d3b790cNjUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTPzWI1WaxfLBjBLqC9yXLGIEGyvdd59Yr1R2K+4UaJl4OSlDjnqv9NMNY5IKKg3hWOuO5ybGz7AyjHA6LnZTTRNMhrhPO5ZKLKj2s2nUMTq1SoiiWNknDZqqfzcyLLQeicBOCmwGetGbiP96gZi7nGkbbUDDhTgmuvIzJpPUUElmaaKUIxOjSTkoZIoSw0eWYKKY/RAiA6wwMbbCom3KW+xlmTTPK161Ur27KNeu884KcAwncAYeXEINbqEODSDQh2d4hTfnxXl3PpzP2eiKk+8cwRycr18jWp1f</latexit>

ξ



Slide Background Courtesy: H. Oide

Quantum correction generates scalaron
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>

R̃+AR + rAN−Y

<latexit sha1_base64="tcGnLjB3r3CZljDmOHiEIEo5gpk="></latexit>

α(R̃+AR + rAN−Y)
2, α ∼ Nξ2

Scalaron is induced with a mass

Cutoff scale §E–C = |RN+s |
°1/2

=

p
6r

p

|1° r 2|
MPl

Mass term and cosmological constants are also induced…

(’23 He, KK, Mukaida)
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term w/ contributions from torsion and Nieh-Yan termR
2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

leading contribution in the large     and     :  <latexit sha1_base64="1FPlzLe9YlVAbJtVCzFsgSFTNtY=">AAACDXicbVDLSgMxFM3UV62vqks3wSK4KjMi1WXRjStpwdZCO5RM5k4bmmSGJCOUoV/gwo1+ijtx6zf4JW5N21nY1gOBwzn3ck9OkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1nGqKLRozGPVCYgGziS0DDMcOokCIgIOj8Hoduo/PoHSLJYPZpyAL8hAsohRYqzUvO+XK27VnQGvEi8nFZSj0S//9MKYpgKkoZxo3fXcxPgZUYZRDpNSL9WQEDoiA+haKokA7WezoBN8ZpUQR7GyTxo8U/9uZERoPRaBnRTEDPWyNxX/9QKxcDnTNtoQwqU4Jrr2MyaT1ICk8zRRyrGJ8bQaHDIF1PCxJYQqZj+E6ZAoQo0tsGSb8pZ7WSXti6pXq9aal5X6Td5ZEZ2gU3SOPHSF6ugONVALUQToGb2iN+fFeXc+nM/5aMHJd47RApyvX0sxnFw=</latexit>

N
<latexit sha1_base64="0u0fjeXH/V0geM3mA4Nr54mNgTE=">AAACD3icbVDLSgMxFL3js9ZX1aWbYBFclRmR6rLoxmVF+4B2KJlMpg1NMkOSEcvQT3DhRj/Fnbj1E/wSt6btLGzrgcDhnHu5JydIONPGdb+dldW19Y3NwlZxe2d3b790cNjUcaoIbZCYx6odYE05k7RhmOG0nSiKRcBpKxjeTPzWI1WaxfLBjBLqC9yXLGIEGyvdd59Yr1R2K+4UaJl4OSlDjnqv9NMNY5IKKg3hWOuO5ybGz7AyjHA6LnZTTRNMhrhPO5ZKLKj2s2nUMTq1SoiiWNknDZqqfzcyLLQeicBOCmwGetGbiP96gZi7nGkbbUDDhTgmuvIzJpPUUElmaaKUIxOjSTkoZIoSw0eWYKKY/RAiA6wwMbbCom3KW+xlmTTPK161Ur27KNeu884KcAwncAYeXEINbqEODSDQh2d4hTfnxXl3PpzP2eiKk+8cwRycr18jWp1f</latexit>

ξ

√ !

m2
σ =

M 2
Pl

12αr 2
,



Slide Background Courtesy: H. Oide

Quantum correction generates scalaron
<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="iA+d7OVOa+2k2O4xaONtCjw/6hg=">AAACLnicbVDLSgMxFM34rPVVdekmWAShWGbE17LVjSupxT6kLUMmc9uGJjNDkhHK0K1f48KNforgQtz6B25NHwvbeiBwOOdecu7xIs6Utu0Pa2FxaXllNbWWXt/Y3NrO7OxWVRhLChUa8lDWPaKAswAqmmkO9UgCER6Hmte7Hvq1R5CKhcG97kfQEqQTsDajRBvJzeCkqRn3AZcHuaJbzklcdJuC6K4Uye3xwwC7maydt0fA88SZkCyaoORmfpp+SGMBgaacKNVw7Ei3EiI1oxwG6WasICK0RzrQMDQgAlQrGV0ywIdG8XE7lOYFGo/UvxsJEUr1hWcmhyHVrDcU//U8MfVzoky0LvgzcXT7spWwIIo1BHScph1zrEM87A77TALVvG8IoZKZgzDtEkmoNg2nTVPObC/zpHqSd87zZ3en2cLVpLMU2kcH6Ag56AIV0A0qoQqi6Ak9o1f0Zr1Y79an9TUeXbAmO3toCtb3L/VlqJc=</latexit>
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Quantum correction generates scalaron
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UV extensionPalatini limit

Scalaron appears 
below the cutof

No UV extension

Scalaron does 
not make sense.
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Summary
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Summary
- Higgs inflation (HI) in the metric formalism is one of the well-motivated models  
  of inflation, which have some unitarity issues. 
-       term can be induced by quantum correction w/ scalaron and UV-extends  
  the theory to resolve the unitairity issues. 
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- HI in the Palatini formalism is also a good model, with less unitarity issues, 
  but      term does not UV-extends the theoryR

2
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- HI in the Einstein-Cartan gravity w/ Nieh-Yan term connects HI in the metric 
  and Palatini formalism. 
- The theory becomes “Palatini limit” at                    below which UV-extension 
   by the        term/scalaron does not work.  
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- Above the region, the model looks fine, but still has the naturalness problem.
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Comment on the frame independence of the cutoff scale
For the scalar theory with non-trivial kinetic term, 
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b
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Comment on the frame independence of the cutoff scale
For the scalar theory with non-trivial kinetic term, 
 
  
the 2-to-2 scattering amplitude (with              ) can be evaluated as
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Comment on the frame independence of the cutoff scale
For the scalar theory with non-trivial kinetic term, 
 
  
the 2-to-2 scattering amplitude (with              ) can be evaluated as
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Comment on the frame independence of the cutoff scale
For the scalar theory with non-trivial kinetic term, 
 
  
the 2-to-2 scattering amplitude (with              ) can be evaluated as
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∂νπ

b

<latexit sha1_base64="NFCUTGrB2KopbhFO6tjojJbtTlk=">AAACIXicbVDLSgMxFM34rPU12qWbYBFclRmR6kYourG7CvYBfZFJb9vQTGZIMsIw9FtcuNFPcSfuxA9xa6adhW09EDg5515ycryQM6Ud58taW9/Y3NrO7eR39/YPDu2j44YKIkmhTgMeyJZHFHAmoK6Z5tAKJRDf49D0Jnep33wCqVggHnUcQtcnI8GGjBJtpL5d6ISsV8U3GHrVPsHpjfTtolNyZsCrxM1IEWWo9e2fziCgkQ9CU06UartOqLsJkZpRDtN8J1IQEjohI2gbKogPqpvMwk/xmVEGeBhIc4TGM/XvRkJ8pWLfM5M+0WO17KXiv57nL7ycKBNtDIOlOHp43U2YCCMNgs7TDCOOdYDTuvCASaCax4YQKpn5EKZjIgnVptS8acpd7mWVNC5KbrlUfrgsVm6zznLoBJ2ic+SiK1RB96iG6oiiGD2jV/RmvVjv1of1OR9ds7KdAlqA9f0LbmKjLA==</latexit>

π
I
= e

I

a
π
a

φi

φ j

φl

φk

p1

p2

p3

p4

It is unchanged under field redefinition �
<latexit sha1_base64="iGvre4xFkXRFdrPNnjbhexm6thU=">AAACNXicbVC7SgNBFJ31GeMramkzGMTYhF0RtfTRWEYwD8jGMDt7kwyZfTBzVwlLPsGvsbDRD7GwE1tLWyfJFiZ6YOBwzr3MuceLpdBo22/W3PzC4tJybiW/ura+sVnY2q7pKFEcqjySkWp4TIMUIVRRoIRGrIAFnoS6178a+fV7UFpE4S0OYmgFrBuKjuAMjdQuHLixuGPUVaLbQ6ZU9EBTF4X0gRpneHdRGg8ctgtFu2yPQf8SJyNFkqHSLny7fsSTAELkkmnddOwYWylTKLiEYd5NNMSM91kXmoaGLADdSscHDem+UXzaiZR5IdKx+nsjZYHWg8AzkwHDnp71RuK/nhdM/ZxqE60H/kwc7Jy1UhHGCULIJ2k6iaQY0VGF1BcKOMqBIYwrYQ6ivMcU42iKzpumnNle/pLaUdk5KZ/cHBfPL7POcmSX7JESccgpOSfXpEKqhJNH8kReyKv1bL1bH9bnZHTOynZ2yBSsrx/u8Kwz</latexit>

π
a
→ π̃

A(πa)

2308.15420

(’16 Alonso+; ’19 Nagai+; 21 Cohen+,…)
<latexit sha1_base64="k6Yk1UTG/kAiMTnMaNi/58c0yTo=">AAACLnicbVC7TsMwFHV4lvIqMLJYVEgslKRChbGChYGhIPqQmlI5zm1r1U6C7SBVaVe+hoEFPgWJAbHyB6y4j4G2HMnS0TnnyvceL+JMadv+sBYWl5ZXVlNr6fWNza3tzM5uRYWxpFCmIQ9lzSMKOAugrJnmUIskEOFxqHrdy6FffQSpWBjc6V4EDUHaAWsxSrSRmhnsXpuwT7CrmIAH3E9cj0h8O+jfJ8fOSX7QzGTtnD0CnifOhGTRBKVm5sf1QxoLCDTlRKm6Y0e6kRCpGeUwSLuxgojQLmlD3dCACFCNZHTJAB8axcetUJoXaDxS/04kRCjVE55JCqI7atYbiv96npj6OVFmtQ74M+vo1nkjYUEUawjoeJtWzLEO8bA77DMJVPOeIYRKZg7CtEMkodo0nDZNObO9zJNKPucUcoWb02zxYtJZCu2jA3SEHHSGiugKlVAZUfSEntErerNerHfr0/oaRxesycwemoL1/QtggKjV</latexit>

Λ ' |R̄|−1/2
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

For the scalar theory with non-minimal coupling to gravity,
<latexit sha1_base64="XqgAii3L4TNBYcrqA8TJ9k1MwAM="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl + ξπ2

i

2

!

R−

1

2
∂µπ

2
i

#

no scattering?
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

For the scalar theory with non-minimal coupling to gravity,
<latexit sha1_base64="XqgAii3L4TNBYcrqA8TJ9k1MwAM="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl + ξπ2

i

2

!

R−

1

2
∂µπ

2
i

#

no scattering?

γ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

:graviton

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

We have scattering  
from the non-minimal coupling.
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

For the scalar theory with non-minimal coupling to gravity,
<latexit sha1_base64="XqgAii3L4TNBYcrqA8TJ9k1MwAM="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl + ξπ2

i

2

!

R−

1

2
∂µπ

2
i

#
<latexit sha1_base64="P55SM+nCNR22lns9uJoaQGWzp1A="></latexit>

S =

Z

d4x
√

−g

" 

M2
pl

2

!

R−

1

Ω2

 

δij +
6ξ2

Ω2

πiπj

M2
pl

!

∂µπ
i∂µπj

#

scattering appears as the contact term in the Einstein frame,  
but the frame independence is not clear even if we use   
the geometrical technique (?) �

γ
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

:graviton

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

ξ

Mpl
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj

ξ2

M
2
pl

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="BDy7Srp31JW6t6ydJP3KTzly/AA=">AAACEXicbVDLSgMxFM3UV62vqks3wSK4KjPia1l047KCUwvtUDKZO21okhmSjFCGfoMLN/op7sStX+CXuDVtZ2FbDwQO59zLPTlhypk2rvvtlFZW19Y3ypuVre2d3b3q/kFLJ5mi4NOEJ6odEg2cSfANMxzaqQIiQg6P4fB24j8+gdIskQ9mlEIgSF+ymFFirOR3U9ZjvWrNrbtT4GXiFaSGCjR71Z9ulNBMgDSUE607npuaICfKMMphXOlmGlJCh6QPHUslEaCDfBp2jE+sEuE4UfZJg6fq342cCK1HIrSTgpiBXvQm4r9eKOYu59pGG0C0EMfE10HOZJoZkHSWJs44Ngme1IMjpoAaPrKEUMXshzAdEEWosSVWbFPeYi/LpHVW9y7rF/fntcZN0VkZHaFjdIo8dIUa6A41kY8oYugZvaI358V5dz6cz9loySl2DtEcnK9frrSeMg==</latexit>

πi

<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
<latexit sha1_base64="5t8tYn+4UGVfW9hcssF48PJM42Y=">AAACEXicbVDLTgIxFO3gC/GFunTTSExckRnja0l04xITB0hgQjqdC1TazqTtmJAJ3+DCjX6KO+PWL/BL3FpgFgKepMnJOffmnp4w4Uwb1/12Ciura+sbxc3S1vbO7l55/6Ch41RR8GnMY9UKiQbOJPiGGQ6tRAERIYdmOLyd+M0nUJrF8sGMEggE6UvWY5QYK/mdhHUfu+WKW3WnwMvEy0kF5ah3yz+dKKapAGkoJ1q3PTcxQUaUYZTDuNRJNSSEDkkf2pZKIkAH2TTsGJ9YJcK9WNknDZ6qfzcyIrQeidBOCmIGetGbiP96oZi7nGkbbQDRQhzTuw4yJpPUgKSzNL2UYxPjST04Ygqo4SNLCFXMfgjTAVGEGltiyTblLfayTBpnVe+yenF/Xqnd5J0V0RE6RqfIQ1eohu5QHfmIIoae0St6c16cd+fD+ZyNFpx85xDNwfn6BbBdnjM=</latexit>

πj
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

Extract the conformal mode from graviton, 
<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1

<latexit sha1_base64="b/DJuW/GAx0g1q7sWDMniwkRn64="></latexit>

S =

Z

d4x

✓

Φ
2

J

12
Ω

2R̃−

g̃µν

2
GJ

ab(ϕJ)∂µϕ
a
J
∂νϕ

b
J

◆

,

<latexit sha1_base64="iNdQzg+w6VMNBq9QaQaTw3m44r8="></latexit>

ϕ
a

J
= (ΦJ ,π

i

J
)

<latexit sha1_base64="OsGMWA+MoFgEtQoJiSDM73f2t24="></latexit>

�

GJ
ab

�

≡

 

−Ω
2

−ξΦJπj/M
2
pl

−ξΦJπi/M
2
pl

Φ
2
J

6M2
pl

δij

!

.
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

Extract the conformal mode from graviton, 
<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1

Geometrical technique gives

<latexit sha1_base64="iNdQzg+w6VMNBq9QaQaTw3m44r8="></latexit>

ϕ
a

J
= (ΦJ ,π

i

J
)

<latexit sha1_base64="b/DJuW/GAx0g1q7sWDMniwkRn64="></latexit>

S =

Z

d4x

✓

Φ
2

J

12
Ω

2R̃−

g̃µν

2
GJ

ab(ϕJ)∂µϕ
a
J
∂νϕ

b
J

◆

, <latexit sha1_base64="OsGMWA+MoFgEtQoJiSDM73f2t24="></latexit>

�

GJ
ab

�

≡

 

−Ω
2

−ξΦJπj/M
2
pl

−ξΦJπi/M
2
pl

Φ
2
J

6M2
pl

δij

!

.

-                         for <latexit sha1_base64="+KEMaBTkYgfce6PKHH8xm1vRkFU=">AAACKHicbVA9T8MwEHXKVylfATZYLCokpipBqDBWsDAWiX5IbVQ5jtNatePIdkBVVIlfw8ACP4UNdeVPsOKkGWjLySc9v7vTvXt+zKjSjjOzSmvrG5tb5e3Kzu7e/oF9eNRWIpGYtLBgQnZ9pAijEWlpqhnpxpIg7jPS8cd3Wb3zRKSiInrUk5h4HA0jGlKMtKEG9kk/pjBPSYcjjaQUz9nfvIFddWpOHnAVuAWogiKaA/unHwiccBJpzJBSPdeJtZciqSlmZFrpJ4rECI/RkPQMjBAnykvzG6bw3DABDIU0GWmYs38nUsSVmnDfdHKkR2q5lpH/1ny+sDlVRtqIBEtydHjjpTSKE00iPFcTJgxqATPXYEAlwZpNDEBYUnMQxCMkEdbG24pxyl32ZRW0L2tuvVZ/uKo2bgvPyuAUnIEL4IJr0AD3oAlaAIMX8ArewYf1Zn1aX9Zs3lqyipljsBDW9y+5pqcS</latexit>

ππ → ππ

- No scattering amplitude that involve the conformal mode <latexit sha1_base64="sqz9z8DrzUWCGYO+p4XY05h7e3I=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZz2wlNMkOSEcrQX3DhRj/Fnbj1D/wSt2baWdjWA4HDOfdyT06QcKaN6347a+sbm1vbpZ3y7t7+wWHl6Lit41RRaNGYx6obEA2cSWgZZjh0EwVEBBw6wfgu9ztPoDSL5aOZJOALMpJsyCgxudRvRmxQqbo1dwa8SryCVFGB5qDy0w9jmgqQhnKidc9zE+NnRBlGOUzL/VRDQuiYjKBnqSQCtJ/Nsk7xuVVCPIyVfdLgmfp3IyNC64kI7KQgJtLLXi7+6wVi4XKmbbQIwqU4ZnjjZ0wmqQFJ52mGKccmxnk7OGQKqOETSwhVzH4I04goQo3tsGyb8pZ7WSXty5pXr9UfrqqN26KzEjpFZ+gCeegaNdA9aqIWoihCz+gVvTkvzrvz4XzOR9ecYucELcD5+gWzk52p</latexit>

Φ

- Conformal transformation is now the field redefinition for 
  and frame independence is now a manifest �. 

<latexit sha1_base64="sqz9z8DrzUWCGYO+p4XY05h7e3I=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZz2wlNMkOSEcrQX3DhRj/Fnbj1D/wSt2baWdjWA4HDOfdyT06QcKaN6347a+sbm1vbpZ3y7t7+wWHl6Lit41RRaNGYx6obEA2cSWgZZjh0EwVEBBw6wfgu9ztPoDSL5aOZJOALMpJsyCgxudRvRmxQqbo1dwa8SryCVFGB5qDy0w9jmgqQhnKidc9zE+NnRBlGOUzL/VRDQuiYjKBnqSQCtJ/Nsk7xuVVCPIyVfdLgmfp3IyNC64kI7KQgJtLLXi7+6wVi4XKmbbQIwqU4ZnjjZ0wmqQFJ52mGKccmxnk7OGQKqOETSwhVzH4I04goQo3tsGyb8pZ7WSXty5pXr9UfrqqN26KzEjpFZ+gCeegaNdA9aqIWoihCz+gVvTkvzrvz4XzOR9ecYucELcD5+gWzk52p</latexit>

Φ

<latexit sha1_base64="CY6kCMLkcy0N1c2T98M/zEdcGOk="></latexit>
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Slide Background Courtesy: H. Oide

Comment on the frame independence of the cutoff scale
2308.15420

Extract the conformal mode from graviton, 
<latexit sha1_base64="esZ1l+h75U4Z2IgKVpqsbzHcZ1I="></latexit>

gµν =
Φ

2

6M2
pl

g̃µν , det[g̃µν ] = −1

Geometrical technique gives

- No scattering amplitude that involve the conformal mode <latexit sha1_base64="sqz9z8DrzUWCGYO+p4XY05h7e3I=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZz2wlNMkOSEcrQX3DhRj/Fnbj1D/wSt2baWdjWA4HDOfdyT06QcKaN6347a+sbm1vbpZ3y7t7+wWHl6Lit41RRaNGYx6obEA2cSWgZZjh0EwVEBBw6wfgu9ztPoDSL5aOZJOALMpJsyCgxudRvRmxQqbo1dwa8SryCVFGB5qDy0w9jmgqQhnKidc9zE+NnRBlGOUzL/VRDQuiYjKBnqSQCtJ/Nsk7xuVVCPIyVfdLgmfp3IyNC64kI7KQgJtLLXi7+6wVi4XKmbbQIwqU4ZnjjZ0wmqQFJ52mGKccmxnk7OGQKqOETSwhVzH4I04goQo3tsGyb8pZ7WSXty5pXr9UfrqqN26KzEjpFZ+gCeegaNdA9aqIWoihCz+gVvTkvzrvz4XzOR9ecYucELcD5+gWzk52p</latexit>

Φ

- Conformal transformation is now the field redefinition for 
  and frame independence is now a manifest �. 

<latexit sha1_base64="sqz9z8DrzUWCGYO+p4XY05h7e3I=">AAACEHicbVDLSgMxFM34rPVVdekmWARXZUakuiy6cVnBPqAdSiZz2wlNMkOSEcrQX3DhRj/Fnbj1D/wSt2baWdjWA4HDOfdyT06QcKaN6347a+sbm1vbpZ3y7t7+wWHl6Lit41RRaNGYx6obEA2cSWgZZjh0EwVEBBw6wfgu9ztPoDSL5aOZJOALMpJsyCgxudRvRmxQqbo1dwa8SryCVFGB5qDy0w9jmgqQhnKidc9zE+NnRBlGOUzL/VRDQuiYjKBnqSQCtJ/Nsk7xuVVCPIyVfdLgmfp3IyNC64kI7KQgJtLLXi7+6wVi4XKmbbQIwqU4ZnjjZ0wmqQFJ52mGKccmxnk7OGQKqOETSwhVzH4I04goQo3tsGyb8pZ7WSXty5pXr9UfrqqN26KzEjpFZ+gCeegaNdA9aqIWoihCz+gVvTkvzrvz4XzOR9ecYucELcD5+gWzk52p</latexit>

Φ

<latexit sha1_base64="iNdQzg+w6VMNBq9QaQaTw3m44r8="></latexit>

ϕ
a

J
= (ΦJ ,π

i

J
)

<latexit sha1_base64="b/DJuW/GAx0g1q7sWDMniwkRn64="></latexit>
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, <latexit sha1_base64="OsGMWA+MoFgEtQoJiSDM73f2t24="></latexit>
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Extraction of the conformal mode is also useful to see the quantum effect.

-                         for <latexit sha1_base64="+KEMaBTkYgfce6PKHH8xm1vRkFU=">AAACKHicbVA9T8MwEHXKVylfATZYLCokpipBqDBWsDAWiX5IbVQ5jtNatePIdkBVVIlfw8ACP4UNdeVPsOKkGWjLySc9v7vTvXt+zKjSjjOzSmvrG5tb5e3Kzu7e/oF9eNRWIpGYtLBgQnZ9pAijEWlpqhnpxpIg7jPS8cd3Wb3zRKSiInrUk5h4HA0jGlKMtKEG9kk/pjBPSYcjjaQUz9nfvIFddWpOHnAVuAWogiKaA/unHwiccBJpzJBSPdeJtZciqSlmZFrpJ4rECI/RkPQMjBAnykvzG6bw3DABDIU0GWmYs38nUsSVmnDfdHKkR2q5lpH/1ny+sDlVRtqIBEtydHjjpTSKE00iPFcTJgxqATPXYEAlwZpNDEBYUnMQxCMkEdbG24pxyl32ZRW0L2tuvVZ/uKo2bgvPyuAUnIEL4IJr0AD3oAlaAIMX8ArewYf1Zn1aX9Zs3lqyipljsBDW9y+5pqcS</latexit>

ππ → ππ

<latexit sha1_base64="CY6kCMLkcy0N1c2T98M/zEdcGOk="></latexit>
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