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Motivation

PBH as a DM candidate ⇒ Pζ ∼ 10−2 � PCMB
ζ

Enhancement of Pζ ⇒ USR inflationary model

If ζ is large, is perturbation theory still valid?

Kristiano & Yokoyama arXiv:2211.03395: loop correction larger than
the tree-level ⇒ ruling out PBHs

In our work, we include all the interactions and we renormalize Pζ
with counterterms

The validity of PT depends on the duration of the transition
between SR and USR
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Model of inflation
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Background evolution

SR - USR (∆N) - SR + smooth transitions (δN)

Fluctuations

Scalar dof in the scalar field: δφ-gauge

In our model, at leading order in ε = −Ḣ/H2 (� 1), the interactions
are L ⊃ √−g V (φ) ∼ a4 V3 δφ

3 + a4 V4 δφ
4

V2 = −H2(ν2 − 9/4) , Vn ∼
d(n−2)ν2

dτ (n−2)
, ν2 ≡ 9

4
+

1

2

(
3 η +

η2

2
+

η′

aH

)

We impose that ν2 = const. ⇒ V3,4 ∼ ∆ν2δ(τ − τ∗)
Instantaneous transitions: ν2 δN→0−−−−→ ±3/δN ⇒ interactions diverge

3



In-in formalism

Our goal is to calculate Pζ at one-loop

Pζ(τ, k) =

∫
d3r

(2π)3
e−ikr 4πk3

2ε(τ)M2
P

〈δφ(x + r)δφ(x)〉

In-in formalism:
〈δφ(x)δφ(y)〉 = 〈0| (F (t,−∞−))

†
δφ(x)δφ(y)F (t,−∞−) |0〉

F (t,−∞−) = T exp

(
−i
∫ t

−∞(1−iω)

dt ′HI (t
′)

)
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<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

The one-loop diverges in the UV ⇒ we regularise with a cutoff ΛUV

Counterterms to absorb the divergences: Hct ∼ δφ2<latexit sha1_base64="SBWvLG+bDnOrw6emAVpRlNx6yFo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqeKq6KaurGAf0MYwmU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zPEiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepPrzO8+EiFpyO9VEhEnQCNOfYqR0pJrlgcBUmOMWHo7rTbdmwfr5NI1K1bNmgEuEzsnFZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjExLg1iSCOEJGpG+phwFRDrpLPwUHmtlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9uKXl0nntGbXa/W7s0rjKq+jCA7BEagCG5yDBmiCFmgDDBLwDF7Bm/FkvBjvxsd8tGDkO2XwB8bnD2qQk/o=</latexit>

O(H0
I ) :

<latexit sha1_base64="oReMX4gONy4XrHtBINg26KGM8fE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqeKq6KaurGAf0MYwmU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zPEiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepPrzO8+EiFpyO9VEhEnQCNOfYqR0pJrlgcBUmOMWHo7rTbdmwf75NI1K1bNmgEuEzsnFZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjExLg1iSCOEJGpG+phwFRDrpLPwUHmtlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9uKXl0nntGbXa/W7s0rjKq+jCA7BEagCG5yDBmiCFmgDDBLwDF7Bm/FkvBjvxsd8tGDkO2XwB8bnD2wWk/s=</latexit>

O(H1
I ) :

<latexit sha1_base64="C1CMDoRdR9WHPCJUDqkqi8foixQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRFqrgquqkrK9gHtDFMppN26GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c7yIUaks69tYWV1b39gsbBW3d3b39s2Dw44MY4FJG4csFD0PScIoJ21FFSO9SBAUeIx0vcl15ncfiZA05PcqiYgToBGnPsVIack1S4MAqTFGLL2dVpruzUPt9NI1y1bVmgEuEzsnZZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjEyLg1iSCOEJGpG+phwFRDrpLPwUnmhlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9FXUJ9uKXl0mnVrXr1frdWblxlddRAEfgGFSADc5BAzRBC7QBBgl4Bq/gzXgyXox342M+umLkOyXwB8bnD22ck/w=</latexit>

O(H2
I ) :

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y

⇒

<latexit sha1_base64="SBWvLG+bDnOrw6emAVpRlNx6yFo=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqeKq6KaurGAf0MYwmU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zPEiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepPrzO8+EiFpyO9VEhEnQCNOfYqR0pJrlgcBUmOMWHo7rTbdmwfr5NI1K1bNmgEuEzsnFZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjExLg1iSCOEJGpG+phwFRDrpLPwUHmtlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9uKXl0nntGbXa/W7s0rjKq+jCA7BEagCG5yDBmiCFmgDDBLwDF7Bm/FkvBjvxsd8tGDkO2XwB8bnD2qQk/o=</latexit>

O(H0
I ) :

<latexit sha1_base64="oReMX4gONy4XrHtBINg26KGM8fE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqeKq6KaurGAf0MYwmU7aoZNJmJkIIdRfceNCEbd+iDv/xkmbhbYeGDiccy/3zPEiRqWyrG+jsLK6tr5R3Cxtbe/s7pn7Bx0ZxgKTNg5ZKHoekoRRTtqKKkZ6kSAo8BjpepPrzO8+EiFpyO9VEhEnQCNOfYqR0pJrlgcBUmOMWHo7rTbdmwf75NI1K1bNmgEuEzsnFZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjExLg1iSCOEJGpG+phwFRDrpLPwUHmtlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9lXQJ9uKXl0nntGbXa/W7s0rjKq+jCA7BEagCG5yDBmiCFmgDDBLwDF7Bm/FkvBjvxsd8tGDkO2XwB8bnD2wWk/s=</latexit>

O(H1
I ) :

<latexit sha1_base64="C1CMDoRdR9WHPCJUDqkqi8foixQ=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBHqpiRFqrgquqkrK9gHtDFMppN26GQSZiZCCPVX3LhQxK0f4s6/cdJmoa0HBg7n3Ms9c7yIUaks69tYWV1b39gsbBW3d3b39s2Dw44MY4FJG4csFD0PScIoJ21FFSO9SBAUeIx0vcl15ncfiZA05PcqiYgToBGnPsVIack1S4MAqTFGLL2dVpruzUPt9NI1y1bVmgEuEzsnZZCj5Zpfg2GI44BwhRmSsm9bkXJSJBTFjEyLg1iSCOEJGpG+phwFRDrpLPwUnmhlCP1Q6McVnKm/N1IUSJkEnp7MospFLxP/8/qx8i+clPIoVoTj+SE/ZlCFMGsCDqkgWLFEE4QF1VkhHiOBsNJ9FXUJ9uKXl0mnVrXr1frdWblxlddRAEfgGFSADc5BAzRBC7QBBgl4Bq/gzXgyXox342M+umLkOyXwB8bnD22ck/w=</latexit>

O(H2
I ) :

<latexit sha1_base64="NsjKO6FvOGDmdJJbvTvwmNzF414=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZqjPulsltx5yCrxMtJGXLU+6Wv3iBmaYTSMEG17npuYvyMKsOZwGmxl2pMKBvTIXYtlTRC7WfzQ6fk3CoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD1heM+g==</latexit>

k
<latexit sha1_base64="vtUhjvouiS6k76ttA9H6+OxdfEI=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZtZICF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOnLjQc=</latexit>x

<latexit sha1_base64="Wc+SuwGu1gWPWB5JAP5olpWFkag=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjRBKf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDyRL0IzqUPOSMGis1sn6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGH9CleFM4LTYSzUmlI3pELuWShqh9ifzQ6fk3CoDEsbKljRkrv6emNBI6ywKbGdEzUgvezPxP6+bmvDGn3CZpAYlWywKU0FMTGZfkwFXyIzILKFMcXsrYSOqKDM2m6INwVt+eZW0LitetVJtXJVrt3kcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kD60+NCA==</latexit>y
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Results: Analysis of the validity of perturbation theory

Is perturbation theory valid? ⇒ We need to compare P1l
ζ with Ptl

ζ

<latexit sha1_base64="jcvXY04AVuqhNhoHmyJM2FP9uf0=">AAAB73icbVBNS8NAEN34WetX1aOXxSJ4KolI9Vj04kkq2A9oQ9lsJu3SzSbuToRS+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaZJMc2jwRCa6HTADUihooEAJ7VQDiwMJrWB4M/VbT6CNSNQDjlLwY9ZXIhKcoZXa3RAkMnrXK5XdijsDXSZeTsokR71X+uqGCc9iUMglM6bjuSn6Y6ZRcAmTYjczkDI+ZH3oWKpYDMYfz+6d0FOrhDRKtC2FdKb+nhiz2JhRHNjOmOHALHpT8T+vk2F05Y+FSjMExeeLokxSTOj0eRoKDRzlyBLGtbC3Uj5gmnG0ERVtCN7iy8ukeV7xqpXq/UW5dp3HUSDH5IScEY9ckhq5JXXSIJxI8kxeyZvz6Lw4787HvHXFyWeOyB84nz+Kr4+p</latexit>

�N

<latexit sha1_base64="rGmj0FNlLA+qsdJ2ZrOZDA+FgRU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BPXiSCOYByRJmJ5NkyOzsOtMrhCU/4cWDIl79HW/+jZNkD5pY0FBUddPdFcRSGHTdbye3srq2vpHfLGxt7+zuFfcPGiZKNON1FslItwJquBSK11Gg5K1YcxoGkjeD0fXUbz5xbUSkHnAccz+kAyX6glG0UqtzwyVSctctltyyOwNZJl5GSpCh1i1+dXoRS0KukElqTNtzY/RTqlEwySeFTmJ4TNmIDnjbUkVDbvx0du+EnFilR/qRtqWQzNTfEykNjRmHge0MKQ7NojcV//PaCfYv/VSoOEGu2HxRP5EEIzJ9nvSE5gzl2BLKtLC3EjakmjK0ERVsCN7iy8ukcVb2KuXK/XmpepXFkYcjOIZT8OACqnALNagDAwnP8ApvzqPz4rw7H/PWnJPNHMIfOJ8/WW+PiQ==</latexit>

�N
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<latexit sha1_base64="Cs1JrVATzCjce8TQFUT659Vz03A=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAJmUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3H1FpHst7M0nQj+hQ8pAzaqzU8PrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2q1p4WceThDM7hEjy4gSrUoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH6X9jUY=</latexit>

1
<latexit sha1_base64="Cs1JrVATzCjce8TQFUT659Vz03A=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAJmUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3H1FpHst7M0nQj+hQ8pAzaqzU8PrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2q1p4WceThDM7hEjy4gSrUoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH6X9jUY=</latexit>

1
<latexit sha1_base64="Cs1JrVATzCjce8TQFUT659Vz03A=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXAJmUC5gOSI+xt5pI1e3vH7p4QjoC9jYUitv4kO/+Nm49CEx8MPN6bYWZekAiujet+O7mNza3tnfxuYW//4PCoeHzS0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3H1FpHst7M0nQj+hQ8pAzaqzU8PrFklt25yDrxFuSEixR7xe/eoOYpRFKwwTVuuu5ifEzqgxnAqeFXqoxoWxMh9i1VNIItZ/ND52SC6sMSBgrW9KQufp7IqOR1pMosJ0RNSO96s3E/7xuasJbP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbAo2BG/15XXSuip7lXKlcV2q1p4WceThDM7hEjy4gSrUoA5NYIDwDK/w5jw4L86787FozTnLCE/hD5zPH6X9jUY=</latexit>

1
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ζ P1l

ζ

The one-loop contribution grows as δN decreases (ν2 ∼ 1/δN)
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Dependence on δN in the δN → 0 limit

In previous work, the one-loop is finite in the limit δN → 0

Dominant interaction in the ζ-gauge

S ⊃
∫

d4x M2
P a2 ε

η′

2
ζ ′ ζ2

This interaction induces a cubic and a quartic interaction Hamiltonian

HI (τ) =

∫
d3xM2

Pa
2ε

(
−η
′

2
ζ ′ζ2 +

(η′)2

16
ζ4

)
The term H ∼ (η′)2 ζ4 is responsible for the divergence of Pζ when

δN → 0

Including the induced quartic term, the result coincides with that
calculated in the δφ-gauge
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Summary

We analyse a SR - USR - SR model with smooth transitions δN

We introduce all the relevant interactions and the counterterms that
absorb the dependence of Pζ on the regulator
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We obtain that for a large parameter
space {∆N , δN}, perturbation theory is
valid

The one-loop power spectrum grows if δN decreases, being divergent
in the limit δN → 0
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