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Observational constraints on inflation from CMB : Power law potentials seem unlikely..

Best-fit models :  inflation & Higgs Inflation  R2

Planck collaboration 2018, arXiv:1807.06211 [astro-ph.CO]
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Higgs Inflation 

Exponentially flat potential at large fields, successful inflation 
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• Theoretical issues reside? :  

• Naive cutoff scale appears at                   for 
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F. Bezrukov and M. Shaposhnikov, Phys. Lett. B 659 (2008) 703–706  
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• Add a dim-4,  term to the action!R2
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non minimal coupling term Higgs effective potentialR2
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• Lagrange multiplier 

• Weyl transformation 

•  : additional scalar degree of freedom —> “scalaron” 

• Multi-field potential in nature, both ,  being coherent background fields.

•
Cutoff scale for Higgs R2  

ϕ

ϕ h

Λ ∼ 𝒪 ( M2
P

ξ2M2 ) MP > MP

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

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

M.He, A. A. Starobinsky, J. Yokoyama, JCAP, 1805(05):064, 2018 



Higgs-  Inflation — PotentialR2

5

• What about the shape of the potential?
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• “Valley” structure, trajectory follows,

• “Tachyonic Direction” at  for  h = 0 ϕ > 0
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• He, Minxi. JCAP (2021), 2021.05 021..

• Bezrukov, F. & Shepherd, C.  (2020) JCAP 2020.12: 028.

Higgs-  Inflation — ParametersR2
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Higgs-like

-likeR2

Preheating (Non-perturbative)

Small  (Deep - ) Limitξ R2

How does the theory reheat in this limit? What are its predictions and connection to 
the  inflation?R2

RG running of the SM Higgs indicates λinf < λEW

• He, M., Jinno, R., Kamada, K., Park, S. C., Starobinsky, 
A. A., & Yokoyama, J. I. (2019). PLB, 791, 36-42. 

• Bezrukov, F., Gorbunov, D., Shepherd, C., & Tokareva, 
A. (2019). PLB, 795, 657-665.

Reheating ( Perturbative )
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More realistic SM like parameters indicate a smaller , closer to our known universe  ξ

Extensive work on large  valuesξ

<latexit sha1_base64="qCl2RhyKFoj3FMEJsxoVlimSKtU="></latexit>

⇠2

�
+

M2
P

3M2
= 2⇥ 109

However, Higgs inflation and 
 reheat differentlyR2



Higgs-  Inflation — ReheatingR2

TWO background fields : need to consider the depletion of both. 

Concerns on “tachyonic preheating”? May it be efficient? 

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

h

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

�

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

U/M4
P

<latexit sha1_base64="w3XxFZ515ITVLJEUzd9lpXsPC1k="></latexit>

m2
h ⇡ �

p
6
M2

MP
⇠�+ 3

✓
�+ 3

M2

M2
P

⇠2
◆
h2

“Tachyonic” preheating depends strongly on  ξ

Small  region : less tachyonic Higgs direction

Preheating process inefficient.

ξ

Perturbative decay will dominate in this space.

The inflaton energy density remains dominant

7• Bezrukov, Fedor, and Chris Shepherd. Journal of 
Cosmology and Astroparticle Physics 2020.12 (2020): 028.
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<latexit sha1_base64="iTot7HHlXgBfBDkJ+VVtSjNf8bY=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIq6rLoxmUF+4DOUDJp2oZmkpBkSsvQP3HjQhG3/ok7/8a0nYW2HrhwOOde7r0nVpwZi9C3V1hb39jcKm6Xdnb39g/8w6OGkakmtE4kl7oVY0M5E7RumeW0pTTFScxpMx7ez/zmiGrDpHiyE0WjBPcF6zGCrZM6vh+OGQyxUlqOYYAQ6vhlVEFzwFUS5KQMctQ6/lfYlSRNqLCEY2PaAVI2yrC2jHA6LYWpoQqTIe7TtqMCJ9RE2fzyKTxzShf2pHYlLJyrvycynBgzSWLXmWA7MMveTPzPa6e2dxtlTKjUUkEWi3oph1bCWQywyzQllk8cwUQzdyskA6wxsS6skgshWH55lTQuKsF15fLxqly9y+MoghNwCs5BAG5AFTyAGqgDAkbgGbyCNy/zXrx372PRWvDymWPwB97nD+QHkoc=</latexit>

⇠ ⇡ 1000
<latexit sha1_base64="/J4+eFHqeiyBocBkHDHCd4xFxgM=">AAAB+XicbVDLSgMxFM3UV62vUZdugkVwVTIq6rLoxmUF+4DOUDJp2oZmkpBkSsvQP3HjQhG3/ok7/8a0nYW2HrhwOOde7r0nVpwZi9C3V1hb39jcKm6Xdnb39g/8w6OGkakmtE4kl7oVY0M5E7RumeW0pTTFScxpMx7ez/zmiGrDpHiyE0WjBPcF6zGCrZM6vh+OGQyxUlqO4SVCqOOXUQXNAVdJkJMyyFHr+F9hV5I0ocISjo1pB0jZKMPaMsLptBSmhipMhrhP244KnFATZfPLp/DMKV3Yk9qVsHCu/p7IcGLMJIldZ4LtwCx7M/E/r53a3m2UMaFSSwVZLOqlHFoJZzHALtOUWD5xBBPN3K2QDLDGxLqwSi6EYPnlVdK4qATXlcvHq3L1Lo+jCE7AKTgHAbgBVfAAaqAOCBiBZ/AK3rzMe/HevY9Fa8HLZ47BH3ifP+cVkok=</latexit>

⇠ ⇡ 3000
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<latexit sha1_base64="Dl7DfiO/3sOEKfagAdNXlMB04bI=">AAAB8HicbVBNSwMxEJ2tX7V+rXr0EiyCp7Krol6EohePFeyHtEvJptk2NMkuSVYsS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyacaeN5305haXllda24XtrY3NrecXf3GjpOFaF1EvNYtUKsKWeS1g0znLYSRbEIOW2Gw5uJ33ykSrNY3ptRQgOB+5JFjGBjpYfOE0NXyPe8rlv2Kt4UaJH4OSlDjlrX/er0YpIKKg3hWOu27yUmyLAyjHA6LnVSTRNMhrhP25ZKLKgOsunBY3RklR6KYmVLGjRVf09kWGg9EqHtFNgM9Lw3Ef/z2qmJLoOMySQ1VJLZoijlyMRo8j3qMUWJ4SNLMFHM3orIACtMjM2oZEPw519eJI2Tin9eOb07K1ev8ziKcACHcAw+XEAVbqEGdSAg4Ble4c1Rzovz7nzMWgtOPrMPf+B8/gDfWY8n</latexit>

⇠ = 100

Preliminary

• Bezrukov, Fedor, and Chris Shepherd. Journal of 
Cosmology and Astroparticle Physics 2020.12 (2020): 028.
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Relevant interaction terms : 

Scalaron dof  : couples with ϕ Tμ
μ

<latexit sha1_base64="gHVq82w342SbSrR7716BXeZdU0U="></latexit>
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�
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p
6M2⇠
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<latexit sha1_base64="8XTGb/xIyspN8tps/5ZIlZy+byk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cKxhbaUDbbTbt0swm7E6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h88miTTjPsskYluh9RwKRT3UaDk7VRzGoeSt8LR7dRvPXFtRKIecJzyIKYDJSLBKFrJ76ZDQXrVmlt3ZyDLxCtIDQo0e9Wvbj9hWcwVMkmN6XhuikFONQom+aTSzQxPKRvRAe9YqmjMTZDPjp2QE6v0SZRoWwrJTP09kdPYmHEc2s6Y4tAselPxP6+TYXQd5EKlGXLF5ouiTBJMyPRz0heaM5RjSyjTwt5K2JBqytDmU7EheIsvL5PHs7p3WT+/v6g1boo4ynAEx3AKHlxBA+6gCT4wEPAMr/DmKOfFeXc+5q0lp5g5hD9wPn8AbSuOcQ==</latexit>

�

<latexit sha1_base64="CT3w5IFPpAwQhBrUa2nWgyZsrrM=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMegF48RzAOSJczO9iZDZmfXmV4hLPkJLx4U8ervePNvnDwOmljQUFR1090VpFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJsk0hwZPZKLbATMghYIGCpTQTjWwOJDQCoa3E7/1BNqIRD3gKAU/Zn0lIsEZWqndDUEio4NeueJW3SnoMvHmpELmqPfKX90w4VkMCrlkxnQ8N0U/ZxoFlzAudTMDKeND1oeOpYrFYPx8eu+YnlglpFGibSmkU/X3RM5iY0ZxYDtjhgOz6E3E/7xOhtG1nwuVZgiKzxZFmaSY0MnzNBQaOMqRJYxrYW+lfMA042gjKtkQvMWXl0nzrOpdVs/vLyq1m3kcRXJEjskp8cgVqZE7UicNwokkz+SVvDmPzovz7nzMWgvOfOaQ/IHz+QOxIY/A</latexit>

�h

<latexit sha1_base64="CT3w5IFPpAwQhBrUa2nWgyZsrrM=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKeyqqMegF48RzAOSJczO9iZDZmfXmV4hLPkJLx4U8ervePNvnDwOmljQUFR1090VpFIYdN1vp7Cyura+UdwsbW3v7O6V9w+aJsk0hwZPZKLbATMghYIGCpTQTjWwOJDQCoa3E7/1BNqIRD3gKAU/Zn0lIsEZWqndDUEio4NeueJW3SnoMvHmpELmqPfKX90w4VkMCrlkxnQ8N0U/ZxoFlzAudTMDKeND1oeOpYrFYPx8eu+YnlglpFGibSmkU/X3RM5iY0ZxYDtjhgOz6E3E/7xOhtG1nwuVZgiKzxZFmaSY0MnzNBQaOMqRJYxrYW+lfMA042gjKtkQvMWXl0nzrOpdVs/vLyq1m3kcRXJEjskp8cgVqZE7UicNwokkz+SVvDmPzovz7nzMWgvOfOaQ/IHz+QOxIY/A</latexit>

�h

<latexit sha1_base64="D8kRWilYzodlpBqtCARIOTam0wE="></latexit>

��!hh = 4
(6⇠ + 1)2
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h
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Other terms are Planck suppressed, hence subdominant.  
<latexit sha1_base64="g0H3nsyX7R7XIrnBSOcwXMyGFyI="></latexit>

Lp
�g

� yfp
6MP

hf̄f

Higgs dof.  : dominant channel being  in the SMh h → t̄t
<latexit sha1_base64="zgRr/d1O9sbvptu3YaD6zoazz/0="></latexit>

�h!tt =
3y2t
16⇡

mh

✓
1� 4m2

t

m2
h

◆3/2

Other terms have subdominant contributions.

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

�

9
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Relevant equation of motions for the homogeneous (coherent) background fields 
<latexit sha1_base64="whr+CEwoaQtquf7eij7UOEFzmd0="></latexit>

�̈+ (3H + ��!hh)�̇+
↵

2
e
�↵�

ḣ
2 +

@U

@�
= 0

ḧ+ (3H + �h)ḣ� ↵�̇ḣ+ e
↵� @U

@h
= 0

⇢̇rad + 4H⇢rad = ��!hh�̇
2 + �h!tt̄ḣ

2

3M2
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2 =
1

2
�̇
2 +

1

2
e
�↵�

ḣ
2 + U(�, h) + ⇢rad
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<latexit sha1_base64="n7BrXh4sh8/kg3TuyXVz8Fz7i+o=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVh71S2a24M5Bl4uWkDDlqvdJXtx+zNEJpmKBadzw3MX5GleFM4KTYTTUmlI3oADuWShqh9rPZoRNyapU+CWNlSxoyU39PZDTSehwFtjOiZqgXvan4n9dJTXjjZ1wmqUHJ5ovCVBATk+nXpM8VMiPGllCmuL2VsCFVlBmbTdGG4C2+vEya5xXvqnJRvyxXb/M4CnAMJ3AGHlxDFe6hBg1ggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MH0JWM9A==</latexit>

h

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

�
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<latexit sha1_base64="zgRr/d1O9sbvptu3YaD6zoazz/0="></latexit>
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Decay opens when , approximately mh > 2mt

<latexit sha1_base64="B90RUjaVxieeOQ3nThRthe8UBb8="></latexit>

�
p
6
M2

MP
⇠�+ 3

✓
�+

3M2⇠2

M2
P

◆
h2 & 2y2t h

2

For late times (  decay), small , condition invalidatedϕ ξ
Except for  (zero crossing), , h = 0 mt = 0
Bursts of radiation from the Higgs decay

<latexit sha1_base64="xCpmruLknKMHAxZn6dHAtPgPTr4=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU8nWol6EohePFewHtkvJptk2NJtdkqxYlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F1wbjbye3srq2vpHfLGxt7+zuFfcPmjpKFGUNGolItX2imeCSNQw3grVjxUjoC9byRzdTv/XIlOaRvDfjmHkhGUgecEqMlR66TxxdoQrGuFcs4TKeAS0TNyMlyFDvFb+6/YgmIZOGCqJ1x8Wx8VKiDKeCTQrdRLOY0BEZsI6lkoRMe+ns4gk6sUofBZGyJQ2aqb8nUhJqPQ592xkSM9SL3lT8z+skJrj0Ui7jxDBJ54uCRCAToen7qM8Vo0aMLSFUcXsrokOiCDU2pIINwV18eZk0K2X3vHx2Vy3VrrM48nAEx3AKLlxADW6hDg2gIOEZXuHN0c6L8+58zFtzTjZzCH/gfP4AUO6PYg==</latexit>

⇠ = 2000

<latexit sha1_base64="LnF/NHrXmPCtyk4ZoYJZqz0xM2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRb0IRS8eK9gPaZeSTbNtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuRKs0ieW/GMfUFHkgWMoKNlR66TwxdoYrr9oolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4aWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6RZKXvn5bO7aql2ncWRhyM4hlPw4AJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfg348o</latexit>

⇠ = 200
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<latexit sha1_base64="D8kRWilYzodlpBqtCARIOTam0wE="></latexit>

��!hh = 4
(6⇠ + 1)2
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<latexit sha1_base64="Y0r8u+Z0FORdPc+ivryME7jKBso=">AAACInicbVDLSgMxFM3Ud31VXboJFsFVmVHxsRNd6LKCVaFTyp00nQlNZobkjlKGfosbf8WNC0VdCX6M6UPQ1gOBwznncnNPkEph0HU/ncLU9Mzs3PxCcXFpeWW1tLZ+bZJMM15jiUz0bQCGSxHzGgqU/DbVHFQg+U3QOev7N3dcG5HEV9hNeUNBGIu2YIBWapaO/XNQCpp55GsRRghaJ/cUsUf9MKQ/pp9Ggv4ORFGvWSq7FXcAOkm8ESmTEarN0rvfSlimeIxMgjF1z02xkYNGwSTvFf3M8BRYB0JetzQGxU0jH5zYo9tWadF2ou2LkQ7U3xM5KGO6KrBJBRiZca8v/ufVM2wfNXIRpxnymA0XtTNJMaH9vmhLaM5Qdi0BpoX9K2URaGBoWy3aErzxkyfJ9W7FO6jsXe6XT05HdcyTTbJFdohHDskJuSBVUiOMPJAn8kJenUfn2XlzPobRgjOa2SB/4Hx9A4rGpOo=</latexit>

�h!tt � ��!hhTypically, For , , ,  ξ ∼ 𝒪(10 − 100) M ∼ 10−5MP yt ∼ 0.5 λ ∼ 0.01

However,  being the dominant channel that depletes , will govern late time behavior 
and . 

Γϕ→hh ϕ
Tr



Higgs-  Inflation — ReheatingR2

105 106 107 108 109 1010

10-22

10-20

10-18

10-16

10-14

10-12

5 ×1081 ×109 5 ×1091 ×1010 5 ×10101 ×1011

0.0

0.2

0.4

0.6

0.8

1.0
<latexit sha1_base64="3VpM4Tojb5HAB0Y7W4gRpF2Gr3w=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUpYj0WvHisYD+gCWGz3bRLN7thdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRSlnGlz32yptbG5t75R3K3v7B4dV++i4q2WmCO0QyaXqR1hTzgTtAANO+6miOIk47UWTm7nfe6BKMynuYZrSIMEjwWJGMBgptKu+GsvQB/oIORPxLLRrbt1dwFknXkFqqEA7tL/8oSRZQgUQjrUeeG4KQY4VMMLprOJnmqaYTPCIDgwVOKE6yBeHz5xzowydWCpTApyF+nsix4nW0yQynQmGsV715uJ/3iCD+DowD6UZUEGWi+KMOyCdeQrOkClKgE8NwUQxc6tDxlhhAiarignBW315nXQbde+q3ri7rLWaRRxldIrO0AXyUBO10C1qow4iKEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8AXick5c=</latexit>⇢inf

<latexit sha1_base64="tNoXi0seX5FrVcnG5lUBBoUX9qk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUpYj0WvHisYD+gDWGz2bRLN7thdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnGlz32yptbG5t75R3K3v7B4dV++i4q2WmCO0QyaXqh1hTzgTtAANO+6miOAk57YWTm7nfe6BKMynuYZpSP8EjwWJGMBgpsKtDNZbBEOgj5ApHs8CuuXV3AWedeAWpoQLtwP4aRpJkCRVAONZ64Lkp+DlWwAins8ow0zTFZIJHdGCowAnVfr44fOacGyVyYqlMCXAW6u+JHCdaT5PQdCYYxnrVm4v/eYMM4ms/ZyLNgAqyXBRn3AHpzFNwIqYoAT41BBPFzK0OGWOFCZisKiYEb/XlddJt1L2reuPustZqFnGU0Sk6QxfIQ03UQreojTqIoAw9o1f0Zj1ZL9a79bFsLVnFzAn6A+vzB2+Dk5E=</latexit>⇢rad
<latexit sha1_base64="CkikSK6VXTHs3JSDAkQZgz2lJvU=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8laSI9Vjw4rGC/YAmhM120y7d7IbdSbGE/hMvHhTx6j/x5r9x0+agrQ8GHu/NMDMvSjnT4Lrf1sbm1vbObmWvun9weHRsn5x2tcwUoR0iuVT9CGvKmaAdYMBpP1UUJxGnvWhyV/i9KVWaSfEIs5QGCR4JFjOCwUihbftqLEMf6BPkIGFeDe2aW3cXcNaJV5IaKtEO7S9/KEmWUAGEY60HnptCkGMFjHA6r/qZpikmEzyiA0MFTqgO8sXlc+fSKEMnlsqUAGeh/p7IcaL1LIlMZ4JhrFe9QvzPG2QQ3wY5E2kGVJDlojjjDkiniMEZMkUJ8JkhmChmbnXIGCtMwIRVhOCtvrxOuo26d1NvPFzXWs0yjgo6RxfoCnmoiVroHrVRBxE0Rc/oFb1ZufVivVsfy9YNq5w5Q39gff4A2vCTxQ==</latexit>⇢tot

<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t
<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t

<latexit sha1_base64="nUqfsA5GbkhACMSm59RTvZ9vG9A=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU93Voh6LXrwIFewHtmvJptk2NJssSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4fXEbz5RpZkU92YUUz/CfcFCRrCx0kNHDeTJbbf2WOkWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OIxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyPuoxRYnhI0swUczeisgAK0yMDalgQ/DmX14kjdOyd14+u6uUqldZHHk4gEM4Bg8uoAo3UIM6EBDwDK/w5mjnxXl3PmatOSeb2Yc/cD5/ALCbkEg=</latexit>

⇢/M4
P

<latexit sha1_base64="ai4bGPXZ6WZNGF5tjo1Rv2WA+74=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITCUBBIwVLIxFog+piSrHdVurjh3ZN4gqysKvsDCAECufwcbf4D4GaDnS1T06517Z90SJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkRwwSXrAYcBGsmmpE4EqwRDW5GfuOBacOVvIdhwsKY9CTvckrASm13P9B91dYneNwDYI+QgYK87Za8sjcGnif+lJTQFNW2+xV0FE1jJoEKYkzL9xIIM6KBU8HyYpAalhA6ID3WslSSmJkwGx+Q4yOrdHBXaVsS8Fj9vZGR2JhhHNnJmEDfzHoj8T+vlUL3Ksy4TFJgkk4e6qYCg8KjNHCHa0ZBDC0hVHP7V0z7RBMKNrOiDcGfPXme1E/L/kX57O68VLmexlFAB+gQHSMfXaIKukVVVEMU5egZvaI358l5cd6dj8nogjPd2UN/4Hz+ADSjltI=</latexit>

⇢r/⇢tot

<latexit sha1_base64="LnF/NHrXmPCtyk4ZoYJZqz0xM2c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtRb0IRS8eK9gPaZeSTbNtaJJdkqxYlv4KLx4U8erP8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuRKs0ieW/GMfUFHkgWMoKNlR66TwxdoYrr9oolt+zOgJaJl5ESZKj3il/dfkQSQaUhHGvd8dzY+ClWhhFOJ4VuommMyQgPaMdSiQXVfjo7eIJOrNJHYaRsSYNm6u+JFAutxyKwnQKboV70puJ/Xicx4aWfMhknhkoyXxQmHJkITb9HfaYoMXxsCSaK2VsRGWKFibEZFWwI3uLLy6RZKXvn5bO7aql2ncWRhyM4hlPw4AJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfg348o</latexit>

⇠ = 200

<latexit sha1_base64="vgX1jldwmDId1vEH1jb8vrVjZfI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlU1I1QdGGXFewDmlBuptNm6EwSZiZKCV268VfcuFDErZ/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLC4tr+RXC2vrG5tb9vZOXcWpJLRGYh7LZgCKchbRmmaa02YiKYiA00bQvx75jXsqFYujOz1IqC+gF7EuI6CN1Lb3vRsQAtqZl4TMk6wXapAyfsBhOMSXuNK2i07JGQPPE3dKimiKatv+8joxSQWNNOGgVMt1Eu1nIDUjnA4LXqpoAqQPPdoyNAJBlZ+NHxniQ6N0cDeWpiKNx+rviQyEUgMRmE4BOlSz3kj8z2ulunvhZyxKUk0jMlnUTTnWMR6lgjtMUqL5wBAgkplbMQlBAtEmu4IJwZ19eZ7Uj0vuWenk9rRYvprGkUd76AAdIRedozKqoCqqIYIe0TN6RW/Wk/VivVsfk9acNZ3ZRX9gff4APDiZdg==</latexit>

��!hh = H

<latexit sha1_base64="vgX1jldwmDId1vEH1jb8vrVjZfI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBVUlU1I1QdGGXFewDmlBuptNm6EwSZiZKCV268VfcuFDErZ/gzr9x+lho64ELh3Pu5d57goQzpR3n28otLC4tr+RXC2vrG5tb9vZOXcWpJLRGYh7LZgCKchbRmmaa02YiKYiA00bQvx75jXsqFYujOz1IqC+gF7EuI6CN1Lb3vRsQAtqZl4TMk6wXapAyfsBhOMSXuNK2i07JGQPPE3dKimiKatv+8joxSQWNNOGgVMt1Eu1nIDUjnA4LXqpoAqQPPdoyNAJBlZ+NHxniQ6N0cDeWpiKNx+rviQyEUgMRmE4BOlSz3kj8z2ulunvhZyxKUk0jMlnUTTnWMR6lgjtMUqL5wBAgkplbMQlBAtEmu4IJwZ19eZ7Uj0vuWenk9rRYvprGkUd76AAdIRedozKqoCqqIYIe0TN6RW/Wk/VivVsfk9acNZ3ZRX9gff4APDiZdg==</latexit>

��!hh = H
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<latexit sha1_base64="3VpM4Tojb5HAB0Y7W4gRpF2Gr3w=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUpYj0WvHisYD+gCWGz3bRLN7thdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmRSlnGlz32yptbG5t75R3K3v7B4dV++i4q2WmCO0QyaXqR1hTzgTtAANO+6miOIk47UWTm7nfe6BKMynuYZrSIMEjwWJGMBgptKu+GsvQB/oIORPxLLRrbt1dwFknXkFqqEA7tL/8oSRZQgUQjrUeeG4KQY4VMMLprOJnmqaYTPCIDgwVOKE6yBeHz5xzowydWCpTApyF+nsix4nW0yQynQmGsV715uJ/3iCD+DowD6UZUEGWi+KMOyCdeQrOkClKgE8NwUQxc6tDxlhhAiarignBW315nXQbde+q3ri7rLWaRRxldIrO0AXyUBO10C1qow4iKEPP6BW9WU/Wi/VufSxbS1Yxc4L+wPr8AXick5c=</latexit>⇢inf

<latexit sha1_base64="tNoXi0seX5FrVcnG5lUBBoUX9qk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUpYj0WvHisYD+gDWGz2bRLN7thdyLW0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmhSlnGlz32yptbG5t75R3K3v7B4dV++i4q2WmCO0QyaXqh1hTzgTtAANO+6miOAk57YWTm7nfe6BKMynuYZpSP8EjwWJGMBgpsKtDNZbBEOgj5ApHs8CuuXV3AWedeAWpoQLtwP4aRpJkCRVAONZ64Lkp+DlWwAins8ow0zTFZIJHdGCowAnVfr44fOacGyVyYqlMCXAW6u+JHCdaT5PQdCYYxnrVm4v/eYMM4ms/ZyLNgAqyXBRn3AHpzFNwIqYoAT41BBPFzK0OGWOFCZisKiYEb/XlddJt1L2reuPustZqFnGU0Sk6QxfIQ03UQreojTqIoAw9o1f0Zj1ZL9a79bFsLVnFzAn6A+vzB2+Dk5E=</latexit>⇢rad
<latexit sha1_base64="CkikSK6VXTHs3JSDAkQZgz2lJvU=">AAAB+XicbVBNS8NAEN34WetX1KOXYBE8laSI9Vjw4rGC/YAmhM120y7d7IbdSbGE/hMvHhTx6j/x5r9x0+agrQ8GHu/NMDMvSjnT4Lrf1sbm1vbObmWvun9weHRsn5x2tcwUoR0iuVT9CGvKmaAdYMBpP1UUJxGnvWhyV/i9KVWaSfEIs5QGCR4JFjOCwUihbftqLEMf6BPkIGFeDe2aW3cXcNaJV5IaKtEO7S9/KEmWUAGEY60HnptCkGMFjHA6r/qZpikmEzyiA0MFTqgO8sXlc+fSKEMnlsqUAGeh/p7IcaL1LIlMZ4JhrFe9QvzPG2QQ3wY5E2kGVJDlojjjDkiniMEZMkUJ8JkhmChmbnXIGCtMwIRVhOCtvrxOuo26d1NvPFzXWs0yjgo6RxfoCnmoiVroHrVRBxE0Rc/oFb1ZufVivVsfy9YNq5w5Q39gff4A2vCTxQ==</latexit>⇢tot

<latexit sha1_base64="M41rxJg53bHzuME6maYTXGtCKTk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6kUIevEYwTwgWcLsZJIMmZ1dZ3rFsOQnvHhQxKu/482/cZLsQRMLGoqqbrq7glgKg6777Swtr6yurec28ptb2zu7hb39uokSzXiNRTLSzYAaLoXiNRQoeTPWnIaB5I1geDPxG49cGxGpexzF3A9pX4meYBSt1Gw/CXJFym6nUHRL7hRkkXgZKUKGaqfw1e5GLAm5QiapMS3PjdFPqUbBJB/n24nhMWVD2uctSxUNufHT6b1jcmyVLulF2pZCMlV/T6Q0NGYUBrYzpDgw895E/M9rJdi79FOh4gS5YrNFvUQSjMjkedIVmjOUI0so08LeStiAasrQRpS3IXjzLy+SernknZdO786KlessjhwcwhGcgAcXUIFbqEINGEh4hld4cx6cF+fd+Zi1LjnZzAH8gfP5A3ERju4=</latexit>

⇠ = 20

<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t
<latexit sha1_base64="5fd1FL6LLCb1cC6wxy9wbb24Q0M=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM12067dbMLuRCihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7ql+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB4sWNAA==</latexit>

t

<latexit sha1_base64="nUqfsA5GbkhACMSm59RTvZ9vG9A=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU93Voh6LXrwIFewHtmvJptk2NJssSVYoS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6305uaXlldS2/XtjY3NreKe7uNbRMFKF1IrlUrQBrypmgdcMMp61YURwFnDaD4fXEbz5RpZkU92YUUz/CfcFCRrCx0kNHDeTJbbf2WOkWS27ZnQItEi8jJchQ6xa/Oj1JkogKQzjWuu25sfFTrAwjnI4LnUTTGJMh7tO2pQJHVPvp9OIxOrJKD4VS2RIGTdXfEymOtB5Fge2MsBnoeW8i/ue1ExNe+ikTcWKoILNFYcKRkWjyPuoxRYnhI0swUczeisgAK0yMDalgQ/DmX14kjdOyd14+u6uUqldZHHk4gEM4Bg8uoAo3UIM6EBDwDK/w5mjnxXl3PmatOSeb2Yc/cD5/ALCbkEg=</latexit>

⇢/M4
P

<latexit sha1_base64="ai4bGPXZ6WZNGF5tjo1Rv2WA+74=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITCUBBIwVLIxFog+piSrHdVurjh3ZN4gqysKvsDCAECufwcbf4D4GaDnS1T06517Z90SJ4AY879tZWFxaXlktrBXXNza3tt2d3bpRqaasRpVQuhkRwwSXrAYcBGsmmpE4EqwRDW5GfuOBacOVvIdhwsKY9CTvckrASm13P9B91dYneNwDYI+QgYK87Za8sjcGnif+lJTQFNW2+xV0FE1jJoEKYkzL9xIIM6KBU8HyYpAalhA6ID3WslSSmJkwGx+Q4yOrdHBXaVsS8Fj9vZGR2JhhHNnJmEDfzHoj8T+vlUL3Ksy4TFJgkk4e6qYCg8KjNHCHa0ZBDC0hVHP7V0z7RBMKNrOiDcGfPXme1E/L/kX57O68VLmexlFAB+gQHSMfXaIKukVVVEMU5egZvaI358l5cd6dj8nogjPd2UN/4Hz+ADSjltI=</latexit>

⇢r/⇢tot

12

<latexit sha1_base64="enotUYpByWJy+ySvU9vHSTruCkE=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqqMeiF48V+gXdpWTTbBuaZJdkVlqW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvTAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrAgfBOolmRIaCtcPR/cxvPzFteKwaMElYIMlA8YhTAlbyGz0f2BgyScbTXrniVt058CrxclJBOeq98pffj2kqmQIqiDFdz00gyIgGTgWblvzUsITQERmwrqWKSGaCbH7zFJ9ZpY+jWNtSgOfq74mMSGMmMrSdksDQLHsz8T+vm0J0G2RcJSkwRReLolRgiPEsANznmlEQE0sI1dzeiumQaELBxlSyIXjLL6+S1kXVu65ePl5Vand5HEV0gk7ROfLQDaqhB1RHTURRgp7RK3pzUufFeXc+Fq0FJ585Rn/gfP4Ak3CSDA==</latexit>

Tmax

<latexit sha1_base64="enotUYpByWJy+ySvU9vHSTruCkE=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyqqMeiF48V+gXdpWTTbBuaZJdkVlqW/g0vHhTx6p/x5r8xbfegrQ8GHu/NMDMvTAQ34LrfTmFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrAgfBOolmRIaCtcPR/cxvPzFteKwaMElYIMlA8YhTAlbyGz0f2BgyScbTXrniVt058CrxclJBOeq98pffj2kqmQIqiDFdz00gyIgGTgWblvzUsITQERmwrqWKSGaCbH7zFJ9ZpY+jWNtSgOfq74mMSGMmMrSdksDQLHsz8T+vm0J0G2RcJSkwRReLolRgiPEsANznmlEQE0sI1dzeiumQaELBxlSyIXjLL6+S1kXVu65ePl5Vand5HEV0gk7ROfLQDaqhB1RHTURRgp7RK3pzUufFeXc+Fq0FJ585Rn/gfP4Ak3CSDA==</latexit>

Tmax

<latexit sha1_base64="vnHW7A/p2E43T0ckvIS63kfYxhg=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquinosevFYwX5Au5Rsmm1Ds8mSzCp16S/x4kERr/4Ub/4b03YP2vpg4PHeDDPzwkRwA5737RRWVtfWN4qbpa3tnd2yu7ffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLRzdRvPTBtuJL3ME5YEJOB5BGnBKzUc8vDruaDIRCt1SMG6LkVr+rNgJeJn5MKylHvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61gqScxMkM0On+Bjq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif10khugoyLpMUmKTzRVEqMCg8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbAj+4svLpHla9S+qZ3fnldp1HkcRHaIjdIJ8dIlq6BbVUQNRlKJn9IrenCfnxXl3PuatBSefOUB/4Hz+ABNHk14=</latexit>

h ! tt

<latexit sha1_base64="vnHW7A/p2E43T0ckvIS63kfYxhg=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquinosevFYwX5Au5Rsmm1Ds8mSzCp16S/x4kERr/4Ub/4b03YP2vpg4PHeDDPzwkRwA5737RRWVtfWN4qbpa3tnd2yu7ffNCrVlDWoEkq3Q2KY4JI1gINg7UQzEoeCtcLRzdRvPTBtuJL3ME5YEJOB5BGnBKzUc8vDruaDIRCt1SMG6LkVr+rNgJeJn5MKylHvuV/dvqJpzCRQQYzp+F4CQUY0cCrYpNRNDUsIHZEB61gqScxMkM0On+Bjq/RxpLQtCXim/p7ISGzMOA5tZ0xgaBa9qfif10khugoyLpMUmKTzRVEqMCg8TQH3uWYUxNgSQjW3t2I6JJpQsFmVbAj+4svLpHla9S+qZ3fnldp1HkcRHaIjdIJ8dIlq6BbVUQNRlKJn9IrenCfnxXl3PuatBSefOUB/4Hz+ABNHk14=</latexit>

h ! tt

<latexit sha1_base64="5tzVtLBloDZog++0m1WaPrTTrJk=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KoqMeiF48V7Ac0oWy222bpZhN2N0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLe50l1I/wSLAhI1gbqW9XvSRkyJNsFGosZfyIwrBv15y6MwNaJm5BalCg2be/vEFM0ogKTThWquc6ifZzLDUjnE4qXqpogskYj2jPUIEjqvx8dvwEHRtlgIaxNCU0mqm/J3IcKZVFgemMsA7VojcV//N6qR5e+TkTSaqpIPNFw5QjHaNpEmjAJCWaZ4ZgIpm5FZEQS0y0yatiQnAXX14m7dO6e1E/uzuvNa6LOMpwCEdwAi5cQgNuoQktIJDBM7zCm/VkvVjv1se8tWQVM1X4A+vzB570lMM=</latexit>

� ! hh

<latexit sha1_base64="5tzVtLBloDZog++0m1WaPrTTrJk=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCp5KoqMeiF48V7Ac0oWy222bpZhN2N0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUEtoiMY9lN8CKciZoSzPNaTeRFEcBp51gfDP1Ow9UKhaLe50l1I/wSLAhI1gbqW9XvSRkyJNsFGosZfyIwrBv15y6MwNaJm5BalCg2be/vEFM0ogKTThWquc6ifZzLDUjnE4qXqpogskYj2jPUIEjqvx8dvwEHRtlgIaxNCU0mqm/J3IcKZVFgemMsA7VojcV//N6qR5e+TkTSaqpIPNFw5QjHaNpEmjAJCWaZ4ZgIpm5FZEQS0y0yatiQnAXX14m7dO6e1E/uzuvNa6LOMpwCEdwAi5cQgNuoQktIJDBM7zCm/VkvVjv1se8tWQVM1X4A+vzB570lMM=</latexit>

� ! hh



Higgs-  Inflation — ReheatingR2

<latexit sha1_base64="sYiPX2hdW/+OC9jCWdueJP++8jY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivddR95r1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl/+S5onVe+8enp7Vqld5XEU4QAO4Rg8uIAa3EAdGsBgAE/wAq+OcJ6dN+d93lpw8pl9+AXn4xtegY3d</latexit>

⇠

<latexit sha1_base64="BVxNJlPs4Zy1iAfuh7g8vQ37hwo=">AAAB+XicbVDJSgNBEO1xjXEb9eilMQjxEmZU1GPQgx4jZINkGHo6laRJz0J3TTAM+RMvHhTx6p9482/sLAdNfFDweK+KqnpBIoVGx/m2VlbX1jc2c1v57Z3dvX374LCu41RxqPFYxqoZMA1SRFBDgRKaiQIWBhIaweBu4jeGoLSIoyqOEvBC1otEV3CGRvJtu+orWmwjPGF2D/XxmW8XnJIzBV0m7pwUyBwV3/5qd2KehhAhl0zrlusk6GVMoeASxvl2qiFhfMB60DI0YiFoL5tePqanRunQbqxMRUin6u+JjIVaj8LAdIYM+3rRm4j/ea0UuzdeJqIkRYj4bFE3lRRjOomBdoQCjnJkCONKmFsp7zPFOJqw8iYEd/HlZVI/L7lXpYvHy0L5dh5HjhyTE1IkLrkmZfJAKqRGOBmSZ/JK3qzMerHerY9Z64o1nzkif2B9/gCfr5ME</latexit>

Tr(GeV)
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<latexit sha1_base64="t7oO5PgXwVfEKiFWHES56gsbhlY=">AAACDHicbVDLSgMxFM34rPVVdekmWARxUWbaom6EohuXFfqCznTIpJk2NJMMSUYoQz/Ajb/ixoUibv0Ad/6NaTsLbT0QOJxzLjf3BDGjStv2t7Wyura+sZnbym/v7O7tFw4OW0okEpMmFkzIToAUYZSTpqaakU4sCYoCRtrB6Hbqtx+IVFTwhh7HxIvQgNOQYqSN5BeKrhwKX8Jr6IYS4dSNaa88SSv2BA78c9jwZa9qUnbJngEuEycjRZCh7he+3L7ASUS4xgwp1XXsWHspkppiRiZ5N1EkRniEBqRrKEcRUV46O2YCT43Sh6GQ5nENZ+rviRRFSo2jwCQjpIdq0ZuK/3ndRIdXXkp5nGjC8XxRmDCoBZw2A/tUEqzZ2BCEJTV/hXiITCna9Jc3JTiLJy+TVrnkXJQq99Vi7SarIweOwQk4Aw64BDVwB+qgCTB4BM/gFbxZT9aL9W59zKMrVjZzBP7A+vwBemOZ+w==</latexit>

⇢r =
⇡2

30
g⇤T

4
r when 
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<latexit sha1_base64="4zRHD9BwsxwN9cQsJMXhDHG5STY=">AAACDXicbVA9SwNBEN2LXzF+RS1tFqOgTbhTURshaKGlgtFALhxzm01uye7dsTunhCN/wMa/YmOhiK29nf/GTUzh14OBx3szzMwLUykMuu6HU5iYnJqeKc6W5uYXFpfKyytXJsk043WWyEQ3QjBcipjXUaDkjVRzUKHk12HvZOhf33BtRBJfYj/lLQXdWHQEA7RSUN7wT0EpCHI/jYSvRTdC0Dq5pVE0oEf0bAsDvR2UK27VHYH+Jd6YVMgY50H53W8nLFM8RibBmKbnptjKQaNgkg9KfmZ4CqwHXd60NAbFTSsffTOgm1Zp006ibcVIR+r3iRyUMX0V2k4FGJnf3lD8z2tm2Dls5SJOM+Qx+1rUySTFhA6joW2hOUPZtwSYFvZWyiLQwNAGWLIheL9f/kuudqrefnX3Yq9SOx7HUSRrZJ1sEY8ckBo5I+ekThi5Iw/kiTw7986j8+K8frUWnPHMKvkB5+0TmvmbPg==</latexit>

��!hh = H(tr)
<latexit sha1_base64="+G/ngk0uuWezQzrx2X6mfOFeiBI=">AAACB3icbVA9SwNBEN2L3/Hr1FKQxSBYhTsNahm00FLBfEASw95mkizZvTt25yThSGfjX7GxUMTWv2Dnv3ETU2jig4HHezPMzAtiKQx63peTmZtfWFxaXsmurq1vbLpb22UTJZpDiUcy0tWAGZAihBIKlFCNNTAVSKgEvYuRX7kHbUQU3uIghoZinVC0BWdopaa7d9usI/QxVaw/pHUjFPW9u9QvDOkllGnTzXl5bww6S/wJyZEJrpvuZ70V8URBiFwyY2q+F2MjZRoFlzDM1hMDMeM91oGapSFTYBrp+I8hPbBKi7YjbStEOlZ/T6RMGTNQge1UDLtm2huJ/3m1BNtnjVSEcYIQ8p9F7URSjOgoFNoSGjjKgSWMa2FvpbzLNONoo8vaEPzpl2dJ+Sjvn+SPbwq54vkkjmWyS/bJIfHJKSmSK3JNSoSTB/JEXsir8+g8O2/O+09rxpnM7JA/cD6+ASs6mDQ=</latexit>

Tmax ⇠ 1014GeV



Higgs-  Reheating — Observables?R2

XXXXXXX XXXXX
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<latexit sha1_base64="ny6wkRiIcpgvpHTmCv4WL9EGeZg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSg+qZXrniVt0ZyDLxclKBHPVe+avbj1kacYVMUmM6npugn1GNgkk+KXVTwxPKRnTAO5YqGnHjZ7NTJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvuZUEmKXLH5ojCVBGMy/Zv0heYM5dgSyrSwtxI2pJoytOmUbAje4svLpHlW9S6r5/cXldpNHkcRjuAYTsGDK6jBHdShAQwG8Ayv8OZI58V5dz7mrQUnnzmEP3A+fwBjGI3g</latexit>ns

<latexit sha1_base64="wOxQZJSIQt2N9AsBQ1FB2xh7I4s=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomKeix68diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVVa9UdivuDGSZeDkpQ45ar/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26IScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE974GZdJalCy+aIwFcTEZPo16XOFzIixJZQpbm8lbEgVZcZmU7QheIsvL5PmecW7qlzUL8vV2zyOAhzDCZyBB9dQhXuoQQMYIDzDK7w5j86L8+58zFtXnHzmCP7A+fwB372M/g==</latexit>r

Predictions rapidly approach  for .

Predictions indistinguishable today, but future experiments may be able to distinguish 
parameters 

R2 ξ ≲ 50
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<latexit sha1_base64="KJLbtVcGAldDKc2PdSEI6bFiKLA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRiyepaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20OWn0w8Hhvhpl5QSK4Nq775RSWlldW14rrpY3Nre2d8u5eU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfekSleSwfzDhBP6IDyUPOqLHS/W0Pe+WKW3VnIH+Jl5MK5Kj3yp/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiRVfokjJUtachM/TmR0UjrcRTYzoiaoV70puJ/Xic14aWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyX9I8qXrn1dO7s0rtKo+jCAdwCMfgwQXU4Abq0AAGA3iCF3h1hPPsvDnv89aCk8/swy84H98dII2y</latexit>

Ne

<latexit sha1_base64="sYiPX2hdW/+OC9jCWdueJP++8jY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+ag1QcDj/dmmJkXJIJr47pfTmFpeWV1rbhe2tjc2t4p7+41dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nvqtB1Sax/LejBP0IzqQPOSMGivddR95r1xxq+4M5C/xclKBHPVe+bPbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmySp+EsbIlDZmpPycyGmk9jgLbGVEz1IveVPzP66QmvPQzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl/+S5onVe+8enp7Vqld5XEU4QAO4Rg8uIAa3EAdGsBgAE/wAq+OcJ6dN+d93lpw8pl9+AXn4xtegY3d</latexit>

⇠

<latexit sha1_base64="Mw87M+L+MdDxadeH22obBCwjszw=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpoi6LblxJBfuAJobJ9KYdOnk4MxFKCG78FTcuFHHrV7jzb5w+Ftp64MLhnHu59x4/4Uwqy/o2CguLS8srxdXS2vrG5pa5vdOUcSooNGjMY9H2iQTOImgopji0EwEk9Dm0/MHlyG89gJAsjm7VMAE3JL2IBYwSpSXP3BPYkSyEe+wEgtDMrubZtQd31dwzy1bFGgPPE3tKymiKumd+Od2YpiFEinIiZce2EuVmRChGOeQlJ5WQEDogPehoGpEQpJuNX8jxoVa6OIiFrkjhsfp7IiOhlMPQ150hUX05643E/7xOqoJzN2NRkiqI6GRRkHKsYjzKA3eZAKr4UBNCBdO3YtonOgqlUyvpEOzZl+dJs1qxTyvHNyfl2sU0jiLaRwfoCNnoDNXQFaqjBqLoET2jV/RmPBkvxrvxMWktGNOZXfQHxucPXL2Wxw==</latexit>

r ' 12

N2
e

<latexit sha1_base64="wQZ8tF2CkPVypGsC3gAc15qgwcU=">AAACA3icbVDLSsNAFJ3UV62vqjvdDBbBjSWpoi6LblxJBfuAJoTJ9KYdOpnEmYlQQsGNv+LGhSJu/Ql3/o3Tx0JbD1w4nHMv994TJJwpbdvfVm5hcWl5Jb9aWFvf2Nwqbu80VJxKCnUa81i2AqKAMwF1zTSHViKBRAGHZtC/GvnNB5CKxeJODxLwItIVLGSUaCP5xT3hK+wqFsE9do7dUBKaVYbZjQ9Dv1iyy/YYeJ44U1JCU9T84pfbiWkagdCUE6Xajp1oLyNSM8phWHBTBQmhfdKFtqGCRKC8bPzDEB8apYPDWJoSGo/V3xMZiZQaRIHpjIjuqVlvJP7ntVMdXngZE0mqQdDJojDlWMd4FAjuMAlU84EhhEpmbsW0R0wO2sRWMCE4sy/Pk0al7JyVT25PS9XLaRx5tI8O0BFy0DmqomtUQ3VE0SN6Rq/ozXqyXqx362PSmrOmM7voD6zPHys6lzw=</latexit>

ns ' 1� 2

Ne

<latexit sha1_base64="Km9VKFt4lK9Z9t9gNmDudg33TFg="></latexit>

Ne ⇡ 59.015� 1
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⇢r
⇢e

� ln
ar
ae



Conclusions & Outlooks

• The Higgs-  model, being an extension to Higgs inflation, successfully realizes current 
Planck CMB constraints

• The small  regime (which incorporates realistic SM like parameters), less studied among 
the parameter region, is less tachyonic, with perturbative decays being the dominant 
channel . 

• Having two coherent fields ( ) in the model, each field has to deplete in order to 
successfully end perturbative reheating

• Bursts of radiation , early stage behavior determined from  ( ) , overall stage 
terminated by , ( ) . 

• Critical  RG running effects? Compatibility with matter antimatter asymmetry associated 
processes? 

R2

ξ

ϕ, h

Γh→tt Tmax
Γϕ→hh Tr

λ
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“Thank you!” 


