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Introduction



Inflation @ Planck/Bicep
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Inflation explains horizon, homogeneity, isotropy, flatness, etc.

Many inflation models ruled out by tensor-to-scalar ratio r:   
r<0.035  [Planck18+BK18+BAO]

<latexit sha1_base64="+0ConIkKw4h3yrhlSsI5BcwoSqw="></latexit>

�(r) = 0.009 ) 0.003
<latexit sha1_base64="oxoXUe6lOAR8zzoMrqcBNtRMHmM="></latexit>

�(ns) = 0.004 ) 0.002

Higgs/R2 inflation and reheating dynamics testable soon!

Bicep array (2020-)

Simon Observatory (2023-)
Forecast for errors



• Einstein gravity + SM Higgs + non-minimal gravity coupling 

Higgs inflation
[Bezrukov, Shaposhnikov (2007)]
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Well consistent with CMB data

due to flat Higgs potential⇠ = 0
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Large non-minimal coupling

lowers cutoff scale.
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ns = 0.966, r = 0.0033



Troubles with large coupling

[Burgess, HML, Trott (2009,2010); Barbon, Espinosa (2009); Hertzberg (2010)]
• Large non-minimal coupling violates perturbative unitarity.

• Unitarity scale is larger during inflation.
W, Z masses are decoupled; m2
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[F. Bezrukov et al, 2010]

• But, preheating violates unitarity.
Particle momenta beyond cutoff scale:

[e.g. E. Sfakianakis, 2019]
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<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="Fkor8uy0qMuX5JDIKS1sVPc1/Gs="></latexit>

M�i�i!�j�j ⇠ ⇠2E2

M2
P

“off-shell” graviton

CMB anisotropies:

<latexit sha1_base64="vhFTJa0hrzb4cPHEg8nqFR6kBhI=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxgv2AdinZNNuGZrMhyRbK0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhUpwYz3vGxU2Nre2d4q7pb39g8Oj8vFJyySppqxJE5HoTkgME1yypuVWsI7SjMShYO1wfD/32xOmDU/kk50qFsRkKHnEKbFOavcmRKsR75crXtVbAK8TPycVyNHol796g4SmMZOWCmJM1/eUDTKiLaeCzUq91DBF6JgMWddRSWJmgmxx7gxfOGWAo0S7khYv1N8TGYmNmcah64yJHZlVby7+53VTG90GGZcqtUzS5aIoFdgmeP47HnDNqBVTRwjV3N2K6YhoQq1LqORC8FdfXietWtW/rtYeryr1uzyOIpzBOVyCDzdQhwdoQBMojOEZXuENKfSC3tHHsrWA8plT+AP0+QN8YI+p</latexit>'

<latexit sha1_base64="79/BIyq6Cy37XmNahyh6r9AVOnI=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISWpom6EUjcuXFSwD2himEyn7dDJJMxMSkvIT7jxV9y4UMSt4M6/cdpmoa0HLpw5517m3uNHjEplWd9Gbml5ZXUtv17Y2Nza3jF39xoyjAUmdRyyULR8JAmjnNQVVYy0IkFQ4DPS9AfXE785JELSkN+rcUTcAPU47VKMlJY88yRxMGLwNvUSRwSQcpVenTojCp2oTx/KHnWq4Qg6QyT02zOLVsmaAi4SOyNFkKHmmV9OJ8RxQLjCDEnZtq1IuQkSimJG0oITSxIhPEA90taUo4BIN5lelcIjrXRgNxS6uIJT9fdEggIpx4GvOwOk+nLem4j/ee1YdS/dhPIoVoTj2UfdmEEVwklEsEMFwYqNNUFYUL0rxH0kEFY6yIIOwZ4/eZE0yiX7vFS+OytWqlkceXAADsExsMEFqIAbUAN1gMEjeAav4M14Ml6Md+Nj1pozspl98AfG5w/dAJ6k</latexit>

Lint = 3⇠�2
i⇤'



Formulations of Higgs inflation
-4-• Metric formulation:  Christoffel symbol solved in 

terms of Jordan-frame metric, 

• Palatini formulation: Christoffel symbol solved in 
terms of Einstein-frame metric, 

<latexit sha1_base64="ichKlmQ6CmgGepgq1ag6U6EEnK8=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQN8NMEXWjFFworirYB7TDkEnTNjTJDElGGIb6K25cKOLWD3Hn35i2s9DWA5d7OOdecnPCmFGlXffbKqysrq1vFDdLW9s7u3v2/kFLRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XB8PfXbj0QqGokHncbE52go6IBipI0U2OXeDeIcXc5bdRjcnTiBXXEddwa4TLycVECORmB/9foRTjgRGjOkVNdzY+1nSGqKGZmUeokiMcJjNCRdQwXiRPnZ7PgJPDZKHw4iaUpoOFN/b2SIK5Xy0ExypEdq0ZuK/3ndRA8u/IyKONFE4PlDg4RBHcFpErBPJcGapYYgLKm5FeIRkghrk1fJhOAtfnmZtGqOd+bU7k8r9as8jiI4BEegCjxwDurgFjRAE2CQgmfwCt6sJ+vFerc+5qMFK98pgz+wPn8ACDCTtg==</latexit>

� = �(gJ).

<latexit sha1_base64="LfsyXVwiAXnytravTxh7jWiFgSg="></latexit>

LJp
�gJ

=
1

2
(1 + ⇠H |H|2)R(�(gJ))� |DµH|2 � V (H)

<latexit sha1_base64="JpQ4Yzpc2QqnL5mxy841Gy0EDaU="></latexit>

LJp
�gJ

=
1

2
(1 + ⇠H |H|2)R(�)� |DµH|2 � V (H)

<latexit sha1_base64="CkbOseTLY4j3YcHyHX+m+lUipJU="></latexit>

LEp
�gE

=
1

2
R(gE)�

1

2(1 + ⇠H ~�2/M2
P
)

✓
�ij +

6⇠2
H
�i�j/M2

P

1 + ⇠H ~�2/M2
P

◆
@µ�i@

µ�j �
V

(1 + ⇠H ~�2/M2
P
)2

<latexit sha1_base64="7LmA+UBgnDDWP1hGiJnQNf7WoHU="></latexit>

LEp
�gE

=
1

2
R(gE)�

1

2(1 + ⇠H ~�2/M2
P
)2
@µ�i@

µ�i �
V

(1 + ⇠H ~�2/M2
P
)2

Palatini  ≠ Metric :  discrete choices of constraints in EFT.

<latexit sha1_base64="yL4o8WW3ON4y6iLSMMjCeWte14k=">AAAB/HicbVDLSgMxFM3UV62v0S7dBItQN8NMEXUjFEV0WcE+oB2GTJppQ5PMkGSEodRfceNCEbd+iDv/xrSdhbYeuNzDOfeSmxMmjCrtut9WYWV1bX2juFna2t7Z3bP3D1oqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Prqd9+JFLRWDzoLCE+RwNBI4qRNlJgl3u3iHN0OW/VQXBz4gR2xXXcGeAy8XJSATkagf3V68c45URozJBSXc9NtD9GUlPMyKTUSxVJEB6hAekaKhAnyh/Pjp/AY6P0YRRLU0LDmfp7Y4y4UhkPzSRHeqgWvan4n9dNdXThj6lIUk0Enj8UpQzqGE6TgH0qCdYsMwRhSc2tEA+RRFibvEomBG/xy8ukVXO8M6d2f1qpX+VxFMEhOAJV4IFzUAd3oAGaAIMMPINX8GY9WS/Wu/UxHy1Y+U4Z/IH1+QMBxpO1</latexit>

� = �(gE).

[Bezrukov, Shaposhnikov (2007)]

[Bauer, Dmir (2008)]



Towards UV complete models
-5-

<latexit sha1_base64="GnC+zUqE4xrbbUNhO8V6pthP2Wk="></latexit>

Lnon�linear =
3⇠2

H

M
2
P

(@µ|H|2)2

(1 + 2⇠H |H|2/M2
P
)2

<latexit sha1_base64="Hy2hmDr0nNg33o0MZP0Sr14/jBc="></latexit>

Lkin =
1

2(1 + ⇠H ~�2/M2
P
)

✓
�ij +

6⇠2
H
�i�j/M2

P

1 + ⇠H ~�2/M2
P

◆
@µ�i@

µ�j

<latexit sha1_base64="682fsLUFcvpuYlx8POEnI3qUBI0=">AAACCXicbVDLSgMxFM3UV62vUZdugkVwoWWmFO2y6EYoQgX7gM50yKSZNjSZGZKMUIbZuvFX3LhQxK1/4M6/MX0stPWEXA7n3Etyjx8zKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkoEZg0ccQi0fGRJIyGpKmoYqQTC4K4z0jbH11P/PYDEZJG4b0ax8TlaBDSgGKktOSZ8Nw50ycQCKd1z+EJrPd0zdJK9bZX9hqZZxatkjUFXCb2nBTBHA3P/HL6EU44CRVmSMqubcXKTZFQFDOSFZxEkhjhERqQrqYh4kS66XSTDJ5opQ+DSOgbKjhVf0+kiEs55r7u5EgN5aI3Ef/zuokKqm5KwzhRJMSzh4KEQRXBSSywTwXBio01QVhQ/VeIh0inonR4BR2CvbjyMmmVS/ZFqXxXKdau5nHkwRE4BqfABpegBm5AAzQBBo/gGbyCN+PJeDHejY9Za86YzxyCPzA+fwCOLZj+</latexit>

� KµKµ

48M2
P

• Linearize the non-linear Higgs kinetic term.

• Cancel the non-linear Higgs kinetic term.

“Linear sigma models”

 “Weyl symmetry”

<latexit sha1_base64="xvR7ONPY5frzhdaFUAtUbxZIEjU=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SIUvXisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWerh2e6WyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn80unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTtCF4iy8vk2a14l1Uqvfn5dpNHkcBjuEEzsCDS6jBHdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AH8+I0C</latexit>

= 0

<latexit sha1_base64="c820kOVPOOQGXfdDUHJ0t0Tgq8E="></latexit>

Le↵ =
3⇠2

H

M
2
P

(@µ|H|2)2

(1 + 2⇠H |H|2/M2
P
)2

<latexit sha1_base64="WuOF7pmxZ7QXECMEvl92/y1VpUU="></latexit>

Llinear =
1

2
(@µ�)

2 +
1

2
(@µ�i)

2

New scalar?

New gauge boson?



Scalar unitarization 

of Higgs inflation



Higgs inflation in conformal frame
• Original Higgs inflation with non-minimal coupling. -6-

Conformal mode:

• Higgs inflation = non-linear sigma model in disguise:

[Giudice, HML (2010)];  Y. Ema et al (2020)]

Frame-independent UV completion for Higgs inflation.

Introduce a dynamical field exciting the vacuum.

<latexit sha1_base64="Hvc6KjSUK3M6691NR7yg6Oj/M4c=">AAACKXicbVDLSgMxFM34rPU16tJNsAiCUmaKVDdKwY3LClYLnTrcSdM2mHmY3BHK0N9x46+4UVDUrT9iphbR6gmBwznnktwTJFJodJw3a2p6ZnZuvrBQXFxaXlm119YvdJwqxhsslrFqBqC5FBFvoEDJm4niEAaSXwbXJ7l/ecuVFnF0joOEt0PoRaIrGKCRfLvmJX3hiyN+5d2CMpxmXh+Q5vLQF3tefvSNwqw6/M4c5e6up0UvBN8uOWVnBPqXuGNSImPUffvJ68QsDXmETILWLddJsJ2BQsEkHxa9VPME2DX0eMvQCEKu29lo0yHdNkqHdmNlboR0pP6cyCDUehAGJhkC9vWkl4v/ea0Uu4ftTERJijxiXw91U0kxpnlttCMUZygHhgBTwvyVsj4oYGjKLZoS3MmV/5KLStmtlitn+6Xa8biOAtkkW2SHuOSA1MgpqZMGYeSOPJBn8mLdW4/Wq/X+FZ2yxjMb5Besj09u7qda</latexit>

�i = e'�̂i,
p
6e' = �+ � [Y. Ema et al (2020)]



Higgs-Starobinsky model
• Lagrangian for Starobinsky model + Higgs inflation:

-7-

<latexit sha1_base64="Oxfoxti+3hYMx4Jx6KFcBC4uqLU=">AAAB+3icbVBNS8NAEN34WetXrEcvi0XwVJIi6kkKXjxWsR/QxDLZbtqlm03Y3Ygl5K948aCIV/+IN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zba2srq1vbJa2yts7u3v79kGlreJUEtoiMY9lNwBFORO0pZnmtJtIClHAaScYX0/9ziOVisXiXk8S6kcwFCxkBLSR+nbFA56MAGfeCDS+yx/quG9XnZozA14mbkGqqECzb395g5ikERWacFCq5zqJ9jOQmhFO87KXKpoAGcOQ9gwVEFHlZ7Pbc3xilAEOY2lKaDxTf09kECk1iQLTGYEeqUVvKv7n9VIdXvoZE0mqqSDzRWHKsY7xNAg8YJISzSeGAJHM3IrJCCQQbeIqmxDcxZeXSbtec89r9duzauOqiKOEjtAxOkUuukANdIOaqIUIekLP6BW9Wbn1Yr1bH/PWFauYOUR/YH3+AL+Hk5c=</latexit>

↵R̂2
<latexit sha1_base64="5X+jiKqSCCEaWl7+CCykdGgzMXs=">AAACGXicbZDLSsNAFIYnXmu9RV26GSyCm5akiLqSghuXVewFmlhOptNm6OTCzEQoIa/hxldx40IRl7rybZymWWjrgYFv/v8cZs7vxZxJZVnfxtLyyuraemmjvLm1vbNr7u23ZZQIQlsk4pHoeiApZyFtKaY47caCQuBx2vHGV1O/80CFZFF4pyYxdQMYhWzICCgt9U2rWneAxz7g1PFBYYf4LCv4NqvOvPyaO/f1vlmxalZeeBHsAiqoqGbf/HQGEUkCGirCQcqebcXKTUEoRjjNyk4iaQxkDCPa0xhCQKWb5ptl+FgrAzyMhD6hwrn6eyKFQMpJ4OnOAJQv572p+J/XS9Twwk1ZGCeKhmT20DDhWEV4GhMeMEGJ4hMNQATTf8XEBwFE6TDLOgR7fuVFaNdr9lmtfnNaaVwWcZTQITpCJ8hG56iBrlETtRBBj+gZvaI348l4Md6Nj1nrklHMHKA/ZXz9AJrRoBM=</latexit>

�2↵�̂R̂� ↵�̂2Scalar-dual:

<latexit sha1_base64="+VzbFkiqKuab3HELvpjlZlxKFPE="></latexit>

LR2 =
p

�ĝ


� 1

2
(1 + ⇠�̂2

i )R̂+
1

2
ĝµ⌫@µ�̂i@⌫ �̂i �

�

4
(�̂2

i )
2 + ↵R̂2

�

Scalar-dual Lagrangian:
<latexit sha1_base64="HQKTd+1XfteL0n5S5QjGdfbeqkE="></latexit>

L�̂ =
p

�ĝ


� 1

2
(1 + 4↵�̂+ ⇠�̂2

i )R̂+
1

2
ĝµ⌫@µ�̂i@⌫ �̂i �

�

4
(�̂2

i )
2 � ↵�̂2

�

Extra non-minimal 
coupling

Extended scalar

potential

<latexit sha1_base64="AmDwez4D3cjZ6A6T5eicDxYoerk=">AAAB/XicbZDLSsNAFIYnXmu9xcvOzWAR3FiSIupGKLpxWcVeoAllMp00QycXZk6EGoKv4saFIm59D3e+jdO0C239YeDjP+dwzvxeIrgCy/o2FhaXlldWS2vl9Y3NrW1zZ7el4lRS1qSxiGXHI4oJHrEmcBCsk0hGQk+wtje8HtfbD0wqHkf3MEqYG5JBxH1OCWirZ+5nTkDAoQHPL08Kxnd5z6xYVasQngd7ChU0VaNnfjn9mKYhi4AKolTXthJwMyKBU8HyspMqlhA6JAPW1RiRkCk3K67P8ZF2+tiPpX4R4ML9PZGRUKlR6OnOkECgZmtj879aNwX/ws14lKTAIjpZ5KcCQ4zHUeA+l4yCGGkgVHJ9K6YBkYSCDqysQ7BnvzwPrVrVPqvWbk8r9atpHCV0gA7RMbLROaqjG9RATUTRI3pGr+jNeDJejHfjY9K6YExn9tAfGZ8/J4uVCA==</latexit>

�̂ = �R̂
<latexit sha1_base64="9Yk1+Pytiaa5M40mCaBV9UpChqg=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCVyUpoiIIRTcuK9oLNKFMJpN26OTCzIlQQl7Bja/ixoUibt25822ctllo6w8DH/85hzPn9xLBFVjWt7G0vLK6tl7aKG9ube/smnv7bRWnkrIWjUUsux5RTPCItYCDYN1EMhJ6gnW80fWk3nlgUvE4uodxwtyQDCIecEpAW32z6gSS0MzxmQCC7/KCMpw5QwLYoUOe5/mlddE3K1bNmgovgl1ABRVq9s0vx49pGrIIqCBK9WwrATcjEjgVLC87qWIJoSMyYD2NEQmZcrPpRTk+1o6Pg1jqFwGeur8nMhIqNQ493RkSGKr52sT8r9ZLITh3Mx4lKbCIzhYFqcAQ40k82OeSURBjDYRKrv+K6ZDoiECHWNYh2PMnL0K7XrNPa/Xbk0rjqoijhA7REaoiG52hBrpBTdRCFD2iZ/SK3own48V4Nz5mrUtGMXOA/sj4/AF6FZ1p</latexit>

�S

��̂
= 0 :



Unitarity in Jordan frame
• R2 term and perturbative unitarity in Jordan frame. -8-

Conformal mode in flat metric:
<latexit sha1_base64="uuEDgJU5kDYOI9efhAZ+odZ9EYE=">AAACEXicbVA9SwNBEN3z2/gVtbRZDIJVuAuiNoJoY6lgTCAXwtxmkizu7R27c0I48hds/Cs2ForY2tn5b9zEIJr4YODx3gwz86JUSUu+/+nNzM7NLywuLRdWVtfWN4qbWzc2yYzAqkhUYuoRWFRSY5UkKaynBiGOFNai2/OhX7tDY2Wir6mfYjOGrpYdKYCc1Cruh21UBLzbysM4C3U2OKmEd2DSnuQhEvzIrWLJL/sj8GkSjEmJjXHZKn6E7URkMWoSCqxtBH5KzRwMSaFwUAgziymIW+hiw1ENMdpmPvpowPec0uadxLjSxEfq74kcYmv7ceQ6Y6CenfSG4n9eI6POcTOXOs0Itfhe1MkUp4QP4+FtaVCQ6jsCwkh3Kxc9MCDIhVhwIQSTL0+Tm0o5OCxXrg5Kp2fjOJbYDttl+yxgR+yUXbBLVmWC3bNH9sxevAfvyXv13r5bZ7zxzDb7A+/9Cy0PneI=</latexit>

�gµ⌫ = 2'⌘µ⌫

Kinetic mixing between conformal mode & scalaron:
<latexit sha1_base64="PnhIzd0qrYG8uPgmqsJKTIREuaU="></latexit>

L = 3('⇤'+ 4↵�̂⇤')� ↵�̂2 + 3⇠�̂2
i⇤'

<latexit sha1_base64="G/SOMxHXQ7lwpDSKivMOd3G3qEE=">AAAB+nicbVDLSgMxFM34rPU11aWbYBFclZkiKq6KblxWsA/oDOVOmrahSWZIMkoZ+yluXCji1i9x59+YtrPQ1gOBwznncm9OlHCmjed9Oyura+sbm4Wt4vbO7t6+Wzpo6jhVhDZIzGPVjkBTziRtGGY4bSeKgog4bUWjm6nfeqBKs1jem3FCQwEDyfqMgLFS1y0FwJMhBANjMwL7V7jrlr2KNwNeJn5OyihHvet+Bb2YpIJKQzho3fG9xIQZKMMIp5NikGqaABnBgHYslSCoDrPZ6RN8YpUe7sfKPmnwTP09kYHQeiwimxRghnrRm4r/eZ3U9C/DjMkkNVSS+aJ+yrGJ8bQH3GOKEsPHlgBRzN6KyRAUEGPbKtoS/MUvL5NmteKfV6p3Z+XadV5HAR2hY3SKfHSBaugW1VEDEfSIntErenOenBfn3fmYR1ecfOYQ/YHz+QNGbJNb</latexit>

↵ & 1 :

<latexit sha1_base64="Q75EAK1HaAKpWl6NNEAgR/4mly0=">AAACDXicbZDLSsNAFIYn9VbrLerSzWAVKtKShKIui25cVrAXaGKYTCft0MmFmUmhhLyAG1/FjQtF3Lp359s4bSNo9YeBj/+cw5nzezGjQhrGp1ZYWl5ZXSuulzY2t7Z39N29togSjkkLRyziXQ8JwmhIWpJKRroxJyjwGOl4o6tpvTMmXNAovJWTmDgBGoTUpxhJZbn6UdX2OcKpmaVWPavYY8TjIXVPq99UPbmzXL1s1IyZ4F8wcyiDXE1X/7D7EU4CEkrMkBA904ilkyIuKWYkK9mJIDHCIzQgPYUhCohw0tk1GTxWTh/6EVcvlHDm/pxIUSDEJPBUZ4DkUCzWpuZ/tV4i/QsnpWGcSBLi+SI/YVBGcBoN7FNOsGQTBQhzqv4K8RCpdKQKsKRCMBdP/gttq2ae1ayberlxmcdRBAfgEFSACc5BA1yDJmgBDO7BI3gGL9qD9qS9am/z1oKWz+yDX9LevwC8d5q2</latexit>

� 1

24
('+ � '�)

2

<latexit sha1_base64="p+E5F1r3hymNbEv3HQ1l3uUWkbw="></latexit>

'± ' 1p
2
('⌥ �̂),

<latexit sha1_base64="EYxLSHzOGMr8aLYzMVcPEA4SgUw=">AAACDXicbVBNS8NAEJ34WetX1KOXxSp4KkkRFU9FLx4r2A9oStlsN+3SzSbubsQS8ge8+Fe8eFDEq3dv/hu3bQ7a+mDg8d4MM/P8mDOlHefbWlhcWl5ZLawV1zc2t7btnd2GihJJaJ1EPJItHyvKmaB1zTSnrVhSHPqcNv3h1dhv3lOpWCRu9SimnRD3BQsYwdpIXfvQCyQmqffAstRTd1KnHubxAGeZx6lSioXIvejaJafsTIDmiZuTEuSode0vrxeRJKRCE46VartOrDsplpoRTrOilygaYzLEfdo2VOCQqk46+SZDR0bpoSCSpoRGE/X3RIpDpUahbzpDrAdq1huL/3ntRAfnnZSJONFUkOmiIOFIR2gcDeoxSYnmI0MwkczcisgAm3i0CbBoQnBnX54njUrZPS1Xbk5K1cs8jgLswwEcgwtnUIVrqEEdCDzCM7zCm/VkvVjv1se0dcHKZ/bgD6zPH9N7nKY=</latexit>

⇠p
↵

. 1 : Perturbative unitarity!

<latexit sha1_base64="uYzGiYPusHO1eyJfvfjzamWjXEc="></latexit>

L ' 1
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<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="cIc1Co97nLh4RYGxBZFJRxswTSs=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAfsLmF2MpsMmRczs4Gw5DO8eFDEq1/jzb9xkuxBEwsaiqpuursSxaixvv/tlTY2t7Z3yruVvf2Dw6Pq8UnHyExj0saSSd1LkCGMCtK21DLSU5ognjDSTcb3c787IdpQKZ7sVJGYo6GgKcXIOimMJkirEe1HiverNb/uLwDXSVCQGijQ6le/ooHEGSfCYoaMCQNf2ThH2lLMyKwSZYYohMdoSEJHBeLExPni5Bm8cMoAplK7EhYu1N8TOeLGTHniOjmyI7PqzcX/vDCz6W2cU6EySwReLkozBq2E8//hgGqCLZs6grCm7laIR0gjbF1KFRdCsPryOuk06sF1vfF4VWveFXGUwRk4B5cgADegCR5AC7QBBhI8g1fw5lnvxXv3PpatJa+YOQV/4H3+AInKkW0=</latexit>'±

Higgs-scalar interactions

(rescaling)
<latexit sha1_base64="BCrVbdIBkGmayZ0BuJgXEQ2wHVc=">AAACG3icbVDLSsNAFJ3UV62vqks3wSK4KkkRdVl047KCfUBTys100g6dJOPMTaGE/Icbf8WNC0VcCS78G6ePRW09MHA451zu3ONLwTU6zo+VW1vf2NzKbxd2dvf2D4qHRw0dJ4qyOo1FrFo+aCZ4xOrIUbCWVAxCX7CmP7yd+M0RU5rH0QOOJeuE0I94wCmgkbrFijcCJQe868nQw9gLFNDUzVJPPypM3YoHQg4gyxZi3WLJKTtT2KvEnZMSmaPWLX55vZgmIYuQCtC67ToSOyko5FSwrOAlmkmgQ+iztqERhEx30ultmX1mlJ4dxMq8CO2pujiRQqj1OPRNMgQc6GVvIv7ntRMMrjspj2SCLKKzRUEibIztSVF2jytGUYwNAaq4+atNB2DqQVNnwZTgLp+8ShqVsntZrtxflKo38zry5IScknPikitSJXekRuqEkifyQt7Iu/VsvVof1ucsmrPmM8fkD6zvX1vfot0=</latexit>

'± ! 1p
12↵

'±

<latexit sha1_base64="4S1SeUDmweK6CmDAbYBUd9YWlYo=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgoZTdIuqx6MVjBfsB3aXMptk2NJsNSVYsS/+GFw+KePXPePPfmLZ70NYHA4/3ZpiZF0rOtHHdb6ewtr6xuVXcLu3s7u0flA+P2jpJFaEtkvBEdUPQlDNBW4YZTrtSUYhDTjvh+Hbmdx6p0iwRD2YiaRDDULCIETBW8v0nVvWrPnA5gn654tbcOfAq8XJSQTma/fKXP0hIGlNhCAete54rTZCBMoxwOi35qaYSyBiGtGepgJjqIJvfPMVnVhngKFG2hMFz9fdEBrHWkzi0nTGYkV72ZuJ/Xi810XWQMSFTQwVZLIpSjk2CZwHgAVOUGD6xBIhi9lZMRqCAGBtTyYbgLb+8Str1mndZq99fVBo3eRxFdIJO0Tny0BVqoDvURC1EkETP6BW9Oanz4rw7H4vWgpPPHKM/cD5/AG4+kUw=</latexit>

⇠, ↵Individually large



• Perturbative unitarity in conformal frame.
-9-

Conformal transform:
<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

Linear sigma model with scalar σ:

[Y. Ema et al (2020)]

Extra scalar potential:

<latexit sha1_base64="GtUL3rcQzer818f/yydu/55iKgE="></latexit>
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Unitarity in conformal frame

<latexit sha1_base64="5sFd6M7N3LomEIsjpGyBSPeB/io="></latexit>
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Redefined scalaron:

<latexit sha1_base64="w4zV13LRZ9b5EHmbZK5lGYFsOnM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3VTjLc=</latexit>,
<latexit sha1_base64="0Ve1A0Oq+7orhmup8BNmughBi78=">AAACF3icbVDLSgNBEJyNrxhfUY9eBoMQQcJulOhFCXjxZgTzgGwIvZPZZMjs7jAzK4Rl/8KLv+LFgyJe9ebfOHkcNLGgoajqprvLE5wpbdvfVmZpeWV1Lbue29jc2t7J7+41VBRLQusk4pFseaAoZyGta6Y5bQlJIfA4bXrD67HffKBSsSi81yNBOwH0Q+YzAtpI3XzJHYIQcOn6EkjipMlpxQUuBpC6nCqlWIATlwDHt2nROT7p5gt2yZ4ALxJnRgpohlo3/+X2IhIHNNSEg1Jtxxa6k4DUjHCa5txYUQFkCH3aNjSEgKpOMvkrxUdG6WE/kqZCjSfq74kEAqVGgWc6A9ADNe+Nxf+8dqz9i07CQhFrGpLpIj/mWEd4HBLuMUmJ5iNDgEhmbsVkACYhbaLMmRCc+ZcXSaNcciql8t1ZoXo1iyOLDtAhKiIHnaMqukE1VEcEPaJn9IrerCfrxXq3PqatGWs2s4/+wPr8Afo0nyE=</latexit>

 =
1

36↵
. O(1), Perturbativity!

<latexit sha1_base64="in0EcgYTQzcQhOkXW1gui/NZr8E="></latexit>

�e↵ = �+ 9
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Higher curvature terms
• General higher curvature terms + Higgs inflation

-10-

<latexit sha1_base64="5mF/4+DdM5iZ7fdTQAiAt1rp5pg=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLQkRdSVFNy4rGIv0IRwMp02QycXZiZCCXkHN76KGxeKuHXjzrdx2mah1R8GvvnPOcyc3084k8qyvozSwuLS8kp5tbK2vrG5ZW7vtGWcCkJbJOax6PogKWcRbSmmOO0mgkLoc9rxR1eTeueeCsni6E6NE+qGMIzYgBFQ2vLMo5O6I9PQG2EHeBKAhswJQGGHBCz3Rs5xcb/NPbNq1ayp8F+wC6iiQk3P/HT6MUlDGinCQcqebSXKzUAoRjjNK04qaQJkBEPa0xhBSKWbTXfK8YF2+ngQC30ihafuz4kMQinHoa87Q1CBnK9NzP9qvVQNLtyMRUmqaERmDw1SjlWMJwHhPhOUKD7WAEQw/VdMAhBAlI6xokOw51f+C+16zT6r1W9Oq43LIo4y2kP76BDZ6Bw10DVqohYi6AE9oRf0ajwaz8ab8T5rLRnFzC76JePjG4SVnU4=</latexit>

�2
X

k

↵k�̂k R̂

One Lagrange multiplier per each curvature term

Conformal transform: <latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

<latexit sha1_base64="AcdDgeqyZFnT2uPpvwwYqugNPaY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHqSgBePCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6G7mt55QaR7LBzNO0I/oQPKQM2qsVL/oFUtu2Z2DrBIvIyXIUOsVv7r9mKURSsME1brjuYnxJ1QZzgROC91UY0LZiA6wY6mkEWp/Mj90Ss6s0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7GvS5wqZEWNLKFPc3krYkCrKjM2mYEPwll9eJc1K2bsqV+qXpeptFkceTuAUzsGDa6jCPdSgAQwQnuEV3pxH58V5dz4WrTknmzmGP3A+fwBym4yy</latexit>

+

Lagrange multipler

Linearized kinetic terms dual-scalar potential

[HML, Menkara (2021)]General sigma-model Lagrangian:

Constraint on vacuum manifold



F(R) on vacuum manifold
• Solutions for dual scalars and Lagrange multipliers:

-11-

<latexit sha1_base64="XeEFAHrqRrJFytfNAWPvGcUp7oE=">AAACGnicbVBNS8NAEN3Ur1q/qh69LBbBU0mKqBel4MWDhwr2A5oSNttJu3SzCbsboYT8Di/+FS8eFPEmXvw3btsI2vpg4PHeDDPz/JgzpW37yyosLa+srhXXSxubW9s75d29looSSaFJIx7Jjk8UcCagqZnm0IklkNDn0PZHVxO/fQ9SsUjc6XEMvZAMBAsYJdpIXtlxA0lo6vaBa4JTlxKObzIvdWWIByCy7Mdy6ZB5o+zC9soVu2pPgReJk5MKytHwyh9uP6JJCEJTTpTqOnaseymRmlEOWclNFMSEjsgAuoYKEoLqpdPXMnxklD4OImlKaDxVf0+kJFRqHPqmMyR6qOa9ifif1010cN5LmYgTDYLOFgUJxzrCk5xwn0mgmo8NIVQycyumQ2Ky0ibNkgnBmX95kbRqVee0Wrs9qdQv8ziK6AAdomPkoDNUR9eogZqIogf0hF7Qq/VoPVtv1vustWDlM/voD6zPb5QhoS8=</latexit>

�Lgen

��k
= 0

<latexit sha1_base64="ozQsmwLtCe8ZRidwjxSyjHKFFec=">AAACFXicbVBNS8NAEN34WetX1KOXxSJ4kJIUUS9KwYsHDxXsBzSlbLaTdulmE3Y3Qgn5E178K148KOJV8Oa/cdtG0NYHA4/3ZpiZ58ecKe04X9bC4tLyymphrbi+sbm1be/sNlSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/vBr7zXuQikXiTo9i6ISkL1jAKNFG6trHXiAJTb0ecE1w6lHC8U3WTT0Z4j6ILPuxRtmF07VLTtmZAM8TNycllKPWtT+9XkSTEISmnCjVdp1Yd1IiNaMcsqKXKIgJHZI+tA0VJATVSSdfZfjQKD0cRNKU0Hii/p5ISajUKPRNZ0j0QM16Y/E/r53o4LyTMhEnGgSdLgoSjnWExxHhHpNANR8ZQqhk5lZMB8TEpE2QRROCO/vyPGlUyu5puXJ7Uqpe5nEU0D46QEfIRWeoiq5RDdURRQ/oCb2gV+vRerberPdp64KVz+yhP7A+vgGoDZ8c</latexit>

�Lgen

�y
= 0

<latexit sha1_base64="Y4YvSNrL+vq8Cy8f+p3KKzTx5bA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUS9KwIvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkmal7F2WK/WLUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP43jjMQ=</latexit>=

<latexit sha1_base64="uBT+NuRErNJ73BsWv8CNwXuhXvE=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRFQ9S8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6WF83SuV3Yo7A1kmXk7KkKPeK311+zFLI66QSWpMx3MT9DOqUTDJJ8VuanhC2YgOeMdSRSNu/Gx26YScWqVPwljbUkhm6u+JjEbGjKPAdkYUh2bRm4r/eZ0Uwys/EypJkSs2XxSmkmBMpm+TvtCcoRxbQpkW9lbChlRThjacog3BW3x5mTSrFe+iUr0/L9du8jgKcAwncAYeXEIN7qAODWAQwjO8wpszcl6cd+dj3rri5DNH8AfO5w9mJ41E</latexit>y :

<latexit sha1_base64="mMAi5Vp/67ynwf3KAaaEJEy/FMs=">AAAB/HicbVDLSgMxFM34rPU12qWbYBFcDGWmiLpRCm5cSQX7gM5QMpm0Dc0kQ5IRhqH+ihsXirj1Q9z5N6btLLT1XC4czrmX3JwwYVRp1/22VlbX1jc2S1vl7Z3dvX374LCtRCoxaWHBhOyGSBFGOWlpqhnpJpKgOGSkE45vpn7nkUhFBX/QWUKCGA05HVCMtJH6dsXxTY2vPKfu+DgSWjl3fbvq1twZ4DLxClIFBZp9+8uPBE5jwjVmSKme5yY6yJHUFDMyKfupIgnCYzQkPUM5iokK8tnxE3hilAgOhDTNNZypvzdyFCuVxaGZjJEeqUVvKv7n9VI9uAxyypNUE47nDw1SBrWA0yRgRCXBmmWGICypuRXiEZIIa5NX2YTgLX55mbTrNe+8Vr8/qzauizhK4Agcg1PggQvQALegCVoAgww8g1fwZj1ZL9a79TEfXbGKnQr4A+vzB+K7kv4=</latexit>

, k = 1, 2, · · · , N

UV complete perturbations of Starobinsky model.

<latexit sha1_base64="39fkZheBs9m66Bdwf4CDXGaFtrE=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRFUEpePFYwX5AG8pmu2mX7m7C7kYIoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMC2LOtHHdb2dldW19Y7O0Vd7e2d3brxwctnWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJne533miSrNIPpo0pr7AI8lCRrDJpfTGvR5Uqm7NnQEtE68gVSjQHFS++sOIJIJKQzjWuue5sfEzrAwjnE7L/UTTGJMJHtGepRILqv1sdusUnVpliMJI2ZIGzdTfExkWWqcisJ0Cm7Fe9HLxP6+XmPDKz5iME0MlmS8KE45MhPLH0ZApSgxPLcFEMXsrImOsMDE2nrINwVt8eZm06zXvolZ/OK82bos4SnAMJ3AGHlxCA+6hCS0gMIZneIU3RzgvzrvzMW9dcYqZI/gD5/MHVtSNxQ==</latexit>

y = 0 :

• Effective sigma-model potential with Higgs couplings:

[HML, Menkara (2021)]



Higgs-Starobinsky inflation
• Einstein frame Lagrangian for Higgs-Starobinsky:

-12-

• Effective theory for inflation [HML, A. Menkara (2021)]

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

Decoupled Higgs direction:

i.e.



Limits of UV Higgs inflation
• Perturbative Higgs inflation

-13-

CMB normalization:

• Similar predictions in Higgs or Starobinsky models.

Spectral index:

Tensor-to-scalar: small corrections 

to Higgs inflation

<latexit sha1_base64="SaZjS1XyeDGxoFeJny8+w3GEWZg=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuilJEXUlBTcuK9gHNDFMppN26MwkzEzEEoobf8WNC0Xc+hXu/BunbRbaeuDC4Zx7ufeeMGFUacf5tgpLyyura8X10sbm1vaOvbvXUnEqMWnimMWyEyJFGBWkqalmpJNIgnjISDscXk389j2RisbiVo8S4nPUFzSiGGkjBfZBxRuiJEGB6z3Qu5rHiFKKcuieBHbZqTpTwEXi5qQMcjQC+8vrxTjlRGjMkFJd10m0nyGpKWZkXPJSRRKEh6hPuoYKxInys+kLY3hslB6MYmlKaDhVf09kiCs14qHp5EgP1Lw3Ef/zuqmOLvyMiiTVRODZoihlUMdwkgfsUUmwZiNDEJbU3ArxAEmEtUmtZEJw519eJK1a1T2r1m5Oy/XLPI4iOARHoAJccA7q4Bo0QBNg8AiewSt4s56sF+vd+pi1Fqx8Zh/8gfX5A9gylmw=</latexit>

(1⇠
2 . 1)

Reheating:
<latexit sha1_base64="iaQ+ndQgS2OBy8WAbGerHyJGs8E="></latexit>

TRH ⇠ 1014 GeVif Higgs-like, [S. Aoki, HML et al (2022)]

<latexit sha1_base64="z4KEIh0ayjxNKIb+qGhZq2hocFo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarb75Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV77Jaa15U6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AbPHjN0=</latexit>

V



Reheating and dark matter
• Two inflaton oscillations quasi-decoupled for large -14-

• Reheating & dark matter production by sigma/Higgs fields

Inflaton/thermal scattering: 

<latexit sha1_base64="iaQ+ndQgS2OBy8WAbGerHyJGs8E="></latexit>

TRH ⇠ 1014 GeV

Higgs condensate decay:

<latexit sha1_base64="dkg08Ov73UcTCCQv8om4skh/Grk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3Uz91iPXRsTqAccJ9yM6UCIUjKKV7rtPolcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK95FpXp3Xq5d53EU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w9c+43Y</latexit>

⇠

<latexit sha1_base64="jL5pnu5chM5oEr1TPr3OsLwTEp4=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kkCXjxGMQ9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vb2V1bX1js7BV3N7Z3dsvHRw2jUo1oQ2iuNLtCBvKmaQNyyyn7URTLCJOW9HoZuq3nqg2TMkHO05oKPBAspgRbJ3U7Oqh6t33SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNKuV4KJSvTsv167zOApwDCdwBgFcQg1uoQ4NIPAIz/AKb57yXrx372PeuuLlM0fwB97nD3qUjw8=</latexit>⇢R

<latexit sha1_base64="f0FpIz587HrjdkF9hFOmMQwplDA=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePFYwX5IE8pmu2mW7mbD7kYoob/CiwdFvPpzvPlv3LY5aOuDgcd7M8zMC1POtHHdb6e0tr6xuVXeruzs7u0fVA+POlpmitA2kVyqXog15SyhbcMMp71UUSxCTrvh+Hbmd5+o0kwmD2aS0kDgUcIiRrCx0qOvYjnw05gNqjW37s6BVolXkBoUaA2qX/5QkkzQxBCOte57bmqCHCvDCKfTip9pmmIyxiPatzTBguognx88RWdWGaJIKluJQXP190SOhdYTEdpOgU2sl72Z+J/Xz0x0HeQsSTNDE7JYFGUcGYlm36MhU5QYPrEEE8XsrYjEWGFibEYVG4K3/PIq6TTq3mW9cX9Ra94UcZThBE7hHDy4gibcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8AeeWkHg=</latexit>⇢�

Production of conformally 

coupled heavy scalar DM


~ 108 GeV

<latexit sha1_base64="IfbbU+x9119MVgXa5BsHdLc5Q1Y=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxgnlAsoTZyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfj25nffqLaMCUf7CShocBDyWJGsHVSq2fYUOB+ueJX/TnQKglyUoEcjX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+SVq0aXFZr9xeV+k0eRxFO4BTOIYArqMMdNKAJBB7hGV7hzVPei/fufSxaC14+cwx/4H3+AJ11jyY=</latexit>�

<latexit sha1_base64="PGtWx0mdkDNSlHQ4opSRqjng37E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV77Jaa15U6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac8PjO8=</latexit>

h



Vector unitarization 

of Higgs inflation



Unitarizing with gauge field
• Non-canonical Higgs kinetic terms in Higgs 

inflation are of  Weyl current-current type.

• Introduce a Weyl gauge field in Jordan frame.

-15-

Integrate out the Weyl gauge field by

Effective interaction in Einstein frame cancels 

non-canonical Higgs kinetic terms!

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,



Higgs inflation + Weyl photon
• Minimal extension of Higgs inflation in Weyl gravity: -16-

<latexit sha1_base64="sid7YW/3oEqvknkniQ6eSZTRJ74=">AAACCHicbZDLSgMxFIYzXmu9jbp0YbAIbiwzRdSNUnAj4qKCvUBnGDJppg3NZMYkI5QwSze+ihsXirj1Edz5NqaXhbb+EPj4zzmcnD9MGZXKcb6tufmFxaXlwkpxdW19Y9Pe2m7IJBOY1HHCEtEKkSSMclJXVDHSSgVBcchIM+xfDuvNByIkTfidGqTEj1GX04hipIwV2HteJBDW2sOIwZs8uM61J++F0kddw/l5YJecsjMSnAV3AiUwUS2wv7xOgrOYcIUZkrLtOqnyNRKKYkbyopdJkiLcR13SNshRTKSvR4fk8MA4HRglwjyu4Mj9PaFRLOUgDk1njFRPTteG5n+1dqaiM19TnmaKcDxeFGUMqgQOU4EdKghWbGAAYUHNXyHuIZOMMtkVTQju9Mmz0KiU3ZNy5fa4VL2YxFEAu2AfHAIXnIIquAI1UAcYPIJn8ArerCfrxXq3Psatc9ZkZgf8kfX5Aw83mf0=</latexit>

LJp
�gJ

=

Weyl photon in Weyl gravity restores unitarity.

+

<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="7JBy92HsJQrvxjb7Rel9GbhgA6E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxAfOAZAmzk95kzOzsMjOrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+XLjP4=</latexit>w

<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="2jQ1wMGG6SRjBQAj0VwiSYDDd0c=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5eMeJ/3yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vklat6l9Wa/cXlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A5JwjyI=</latexit>

�i

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="s65nGjH31fGIyGm6glQtrM2Q2dg=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0i6rHoxWMF+wHtUrJptk2bTZYkK5Sl/8GLB0W8+n+8+W9M2z1o64OBx3szzMwLE8GN9bxvtLa+sbm1Xdgp7u7tHxyWjo6bRqWasgZVQul2SAwTXLKG5VawdqIZiUPBWuH4bua3npg2XMlHO0lYEJOB5BGnxDqp2U2GvDfqlcpexZsDrxI/J2XIUe+Vvrp9RdOYSUsFMabje4kNMqItp4JNi93UsITQMRmwjqOSxMwE2fzaKT53Sh9HSruSFs/V3xMZiY2ZxKHrjIkdmmVvJv7ndVIb3QQZl0lqmaSLRVEqsFV49jruc82oFRNHCNXc3YrpkGhCrQuo6ELwl19eJc1qxb+qVB8uy7XbPI4CnMIZXIAP11CDe6hDAyiM4Ble4Q0p9ILe0ceidQ3lMyfwB+jzB5P0jyM=</latexit>

�j

<latexit sha1_base64="vhFTJa0hrzb4cPHEg8nqFR6kBhI=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxgv2AdinZNNuGZrMhyRbK0h/hxYMiXv093vw3pu0etPXBwOO9GWbmhUpwYz3vGxU2Nre2d4q7pb39g8Oj8vFJyySppqxJE5HoTkgME1yypuVWsI7SjMShYO1wfD/32xOmDU/kk50qFsRkKHnEKbFOavcmRKsR75crXtVbAK8TPycVyNHol796g4SmMZOWCmJM1/eUDTKiLaeCzUq91DBF6JgMWddRSWJmgmxx7gxfOGWAo0S7khYv1N8TGYmNmcah64yJHZlVby7+53VTG90GGZcqtUzS5aIoFdgmeP47HnDNqBVTRwjV3N2K6YhoQq1LqORC8FdfXietWtW/rtYeryr1uzyOIpzBOVyCDzdQhwdoQBMojOEZXuENKfSC3tHHsrWA8plT+AP0+QN8YI+p</latexit>'

<latexit sha1_base64="gy1XQhhGj8KLsO/1/s+LZtpmmek=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBAEIewGUU8S0EOOEcwDsmuYncwmQ2Znl3kIIclvePGgiFd/xpt/4yTZgyYWNBRV3XR3hSlnSrvut7Oyura+sZnbym/v7O7tFw4OGyoxktA6SXgiWyFWlDNB65ppTluppDgOOW2Gg9up33yiUrFEPOhhSoMY9wSLGMHaSv75+K7jxwZVx4/lTqHoltwZ0DLxMlKEDLVO4cvvJsTEVGjCsVJtz011MMJSM8LpJO8bRVNMBrhH25YKHFMVjGY3T9CpVbooSqQtodFM/T0xwrFSwzi0nTHWfbXoTcX/vLbR0XUwYiI1mgoyXxQZjnSCpgGgLpOUaD60BBPJ7K2I9LHERNuY8jYEb/HlZdIol7zLUvn+oli5yeLIwTGcwBl4cAUVqEIN6kAghWd4hTfHOC/Ou/Mxb11xspkj+APn8wfoGJDx</latexit>

+|DµH|2Local Weyl 

symmetry



More on Weyl gravity
• Weyl geometry -17-

<latexit sha1_base64="eyZ28r//8TzTbPra6+SPgqiliRk=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVZIi6kYpuHFZwT6gCWEymbRDJ5MwD6GEbN34K25cKOLWP3Dn3zhts9DWAxcO59zLvfeEGaNSOc63VVlZXVvfqG7WtrZ3dvfs/YOuTLXApINTlop+iCRhlJOOooqRfiYISkJGeuH4Zur3HoiQNOX3apIRP0FDTmOKkTJSYMPcU5RFxOMoZKgIPDFK4TDIvUR7XBdXTmDXnYYzA1wmbknqoEQ7sL+8KMU6IVxhhqQcuE6m/BwJRTEjRc3TkmQIj9GQDAzlKCHSz2efFPDEKBGMU2GKKzhTf0/kKJFykoSmM0FqJBe9qfifN9AqvvRzyjOtCMfzRbFmUKVwGguMqCBYsYkhCAtqboV4hATCyoRXMyG4iy8vk26z4Z43mndn9dZ1GUcVHIFjcApccAFa4Ba0QQdg8AiewSt4s56sF+vd+pi3Vqxy5hD8gfX5A/PHmno=</latexit>

r̃⇢gµ⌫ = 0
<latexit sha1_base64="klOAfcm0tYdlcBORqsEEVFIj/dU=">AAACHnicbVDJSgNBEO2Je9yiHr00BsFTmAluF0Xw4jGCWSAThppOJ2nSy9Ddo4QhX+LFX/HiQRHBk/6NneWgiQ8KXr9XRVe9OOHMWN//9nILi0vLK6tr+fWNza3tws5uzahUE1oliivdiMFQziStWmY5bSSagog5rcf965Ffv6faMCXv7CChLQFdyTqMgHVSVDjJQgkxh2EU6p7C3SgLRRrKdHhRdo8HHCpBuzBrRoWiX/LHwPMkmJIimqISFT7DtiKpoNISDsY0Az+xrQy0ZYTTYT5MDU2A9KFLm45KENS0svF5Q3zolDbuKO1KWjxWf09kIIwZiNh1CrA9M+uNxP+8Zmo7562MySS1VJLJR52UY6vwKCvcZpoSyweOANHM7YpJDzQQ6xLNuxCC2ZPnSa1cCk5L5dvj4tXlNI5VtI8O0BEK0Bm6QjeogqqIoEf0jF7Rm/fkvXjv3sekNedNZ/bQH3hfPyz2oyE=</latexit>

r⇢gµ⌫ = 2gw!⇢gµ⌫

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>, in Weyl gravity,

in Einstein gravity.

• General Weyl invariant Lagrangian

[D. Ghilencea, H. M. Lee (2018)]

<latexit sha1_base64="/iI75V48sDc6o1reXmY5bcqYhAw=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoVUBqqkQsACqgRDxyLRh9REkeM6rVXnIduhqqLuLPwKCwMIsfIDbPwNTpoBWo5k6fice699jxsxKqRhfGuFldW19Y3iZmlre2d3T98/6Igw5pi0cchC3nORIIwGpC2pZKQXcYJ8l5GuO75J/e4D4YKGwb2cRsT20TCgHsVIKsnRy7eO5ceweVW1IsQlRSy7nw6dCZyk9KTp6BWjZmSAy8TMSQXkaDn6lzUIceyTQGKGhOibRiTtJB2PGZmVrFiQCOExGpK+ogHyibCTbJcZPFbKAHohVyeQMFN/dyTIF2Lqu6rSR3IkFr1U/M/rx9K7tBMaRLEkAZ4/5MUMyhCmwcAB5QRLNlUEYU7VXyEeIY6wVPGVVAjm4srLpFOvmee1+t1ZpXGdx1EER6AMqsAEF6ABmqAF2gCDR/AMXsGb9qS9aO/ax7y0oOU9h+APtM8fBzGZxQ==</latexit>

DµH = (@µ � gwwµ)HCovariant derivatives: <latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

<latexit sha1_base64="I8gqnTMeYApIcmywkz5WvyuiWR0=">AAACDXicbVDLSsNAFJ34rPUVdelmsApuLEkRdSUFNy5cVLAPaEKYTCft0MkkzkyEMuQH3Pgrblwo4ta9O//GaZuFth64cDjnXu69J0wZlcpxvq2FxaXlldXSWnl9Y3Nr297ZbckkE5g0ccIS0QmRJIxy0lRUMdJJBUFxyEg7HF6N/fYDEZIm/E6NUuLHqM9pRDFSRgrsQy8SCGvtYcTgTR5oT8SwT3iea0/eC6VP+nke2BWn6kwA54lbkAoo0AjsL6+X4CwmXGGGpOy6Tqp8jYSimJG87GWSpAgPUZ90DeUoJtLXk29yeGSUHowSYYorOFF/T2gUSzmKQ9MZIzWQs95Y/M/rZiq68DXlaaYIx9NFUcagSuA4GtijgmDFRoYgLKi5FeIBMvEoE2DZhODOvjxPWrWqe1at3Z5W6pdFHCWwDw7AMXDBOaiDa9AATYDBI3gGr+DNerJerHfrY9q6YBUze+APrM8foAGcjA==</latexit>

Lgenp
�g

<latexit sha1_base64="E3raZPm9MWIBo2bXgj+/dr7pSvs="></latexit>

+3⇠�(r� � 1)(Dµ�)
2 + 6⇠H(rH � 1)|DµH|2

<latexit sha1_base64="sz5s/jKGc2bnezSt2Y3Bk9OI1VM=">AAACEHicbZDLSsNAFIYn9VbrLerSzWAR68KSFFE3SkEXLivYCzQhTKaTduhkEmYmlhL6CG58FTcuFHHr0p1v46TNQqsHBj7+/xzOnN+PGZXKsr6MwsLi0vJKcbW0tr6xuWVu77RklAhMmjhikej4SBJGOWkqqhjpxIKg0Gek7Q+vMr99T4SkEb9T45i4IepzGlCMlJY88/Dac8LEiQf0ouLESCiKWKbA4743gqMMjzLXM8tW1ZoW/At2DmWQV8MzP51ehJOQcIUZkrJrW7Fy02wDZmRSchJJYoSHqE+6GjkKiXTT6UETeKCVHgwioR9XcKr+nEhRKOU49HVniNRAznuZ+J/XTVRw7qaUx4kiHM8WBQmDKoJZOrBHBcGKjTUgLKj+K8QDJBBWOsOSDsGeP/kvtGpV+7Rauz0p1y/zOIpgD+yDCrDBGaiDG9AATYDBA3gCL+DVeDSejTfjfdZaMPKZXfCrjI9v6gOcgQ==</latexit>

Dµ� = (@µ � gwwµ)�

Weyl transfs:

Weyl invariant potential:
<latexit sha1_base64="CvOqnkKutUtz9mW7rje7b2qryP0=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJkepGKbjpsoJ9QFPCZDpph04ezEzEErPwV9y4UMStv+HOv3HaZqGtBy4czrmXe+/xYs6ksqxvY2l5ZXVtvbBR3Nza3tk19/ZbMkoEoU0S8Uh0PCwpZyFtKqY47cSC4sDjtO2NbiZ++54KyaLwTo1j2gvwIGQ+I1hpyTUPhVu/ss8cX2CS2lladR6YW89cs2SVrSnQIrFzUoIcDdf8cvoRSQIaKsKxlF3bilUvxUIxwmlWdBJJY0xGeEC7moY4oLKXTu/P0IlW+siPhK5Qoan6eyLFgZTjwNOdAVZDOe9NxP+8bqL8y17KwjhRNCSzRX7CkYrQJAzUZ4ISxceaYCKYvhWRIdZRKB1ZUYdgz7+8SFqVsl0tV27PS7XrPI4CHMExnIINF1CDOjSgCQQe4Rle4c14Ml6Md+Nj1rpk5DMH8AfG5w/5L5Vv</latexit>

rH = 1 +
1

6⇠H
Canonical Higgs kinetic term:



Spontaneous scale generation
• Spontaneous breaking of scale symmetry:

“wanted terms kept for unitarity”

• Dimensionless couplings of hierarchy:

<latexit sha1_base64="LNYzHLo8co6c4LMx+UDnaPCCdkY="></latexit>

|m2
H
|

M2
P

=
|��H |
2⇠�

⌧ 1 Small Higgs mass

Small cosmological constant
<latexit sha1_base64="jG+XFodAwTcon9mYPDnvhGa3vaM=">AAACJHicbVBLS8NAGNz4rPUV9ehlsQieSlKKCiIUvXhQqGAf0KRhs9m0SzcPdjdiCfkxXvwrXjz4wIMXf4vbNAdtHViYnfmG3W/cmFEhDeNLW1hcWl5ZLa2V1zc2t7b1nd22iBKOSQtHLOJdFwnCaEhakkpGujEnKHAZ6bijy4nfu Sdc0Ci8k+OY2AEahNSnGEklOfqZ5XOEU+taRTyUpTf9utPMzguV5apjxUOapXXrgfZr04vFGDQdvWJUjRxwnpgFqYACTUd/t7wIJwEJJWZIiJ5pxNJOEZcUM5KVrUSQGOERGpCeoiEKiLDTfMkMHirFg37E1QklzNXfiRQFQowDV00GSA7FrDcR//N6ifRP7ZSGcSJJiKcP+QmDMoKTxqBHOcGSjRVBmFP1V4iHSPUjVa9lVYI5u/I8adeq5nG1dluvNC6KOkpgHxyAI2CCE9AAV6AJWgCDR/AMXsGb9qS9aB/a53R0QSsye+APtO8ftgulcw==</latexit>

⇤

M4
P

=
��

4⇠2�
⌧ 1

<latexit sha1_base64="w4zV13LRZ9b5EHmbZK5lGYFsOnM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUY9OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6he9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD3VTjLc=</latexit>,

-18-

[S. Aoki, H. M. Lee (2022)]
<latexit sha1_base64="jn1tj7gT4rRpRbq7aisbcRcjy80=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0EQiWE3iFpJwMbCIoJ5QHYJs5PZZMjs7DozK4Zh/8HGX7GxUMTWxs6/cfIoNPHAhcM593LvPUHCqFSO823lFhaXllfyq4W19Y3NLXt7pyHjVGBSxzGLRStAkjDKSV1RxUgrEQRFASPNYHA58pv3REga81s1TIgfoR6nIcVIGaljH3mhQFhrDyMGr7OO9kQEe4SXvFJIH7JMe/JOKH3cy7KOXXTKzhhwnrhTUgRT1Dr2l9eNcRoRrjBDUrZdJ1G+RkJRzEhW8FJJEoQHqEfahnIUEenr8U8ZPDBKF4axMMUVHKu/JzSKpBxGgemMkOrLWW8k/ue1UxWe+5ryJFWE48miMGVQxXAUEOxSQbBiQ0MQFtTcCnEfmZCUibFgQnBnX54njUrZPS1Xbk6K1YtpHHmwB/bBIXDBGaiCK1ADdYDBI3gGr+DNerJerHfrY9Kas6Yzu+APrM8f0y2eww==</latexit>

Lgen, fixp
�g

:  general Weyl couplings

<latexit sha1_base64="SMzOGiLWppEO4Kuq3dYmsgk2rms=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2A9oQtlsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOn4ohkM/71eqbs2dg6wSryBVKNDsV778QcKymCtkkhrT89wUg5xqFEzyadnPDE8pG9Mh71mqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdBPkQqUZcsUWi6JMEkzI7HcyEJozlBNLKNPC3krYiGrK0CZUtiF4yy+vkna95l3V6g+X1cZtEUcJTuEMLsCDa2jAPTShBQzG8Ayv8Oakzovz7nwsWtecYuYE/sD5/AFUdY+P</latexit>⇢



Higgs inflation in Weyl gravity
• Higgs kinetic terms in Einstein frame -19-

<latexit sha1_base64="4rgQwz80S+V+0EEw+dSuOrmJlIU=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdaMURHDhooJ9QBPCZDpph04mcWYilCGf4MZfceNCEbcu3fk3Th8LbT1w4XDOvdx7T5gyKpXjfFtz8wuLS8uFleLq2vrGpr213ZBJJjCp44QlohUiSRjlpK6oYqSVCoLikJFm2L8c+s0HIiRN+J0apMSPUZfTiGKkjBTYB14kENbaw4jBmzzQnohhn/I81568F0ofdYOrPD8P7JJTdkaAs8SdkBKYoBbYX14nwVlMuMIMSdl2nVT5GglFMSN50cskSRHuoy5pG8pRTKSvRw/lcN8oHRglwhRXcKT+ntAolnIQh6YzRqonp72h+J/XzlR05mvK00wRjseLooxBlcBhOrBDBcGKDQxBWFBzK8Q9ZBJSJsOiCcGdfnmWNCpl96RcuT0uVS8mcRTALtgDh8AFp6AKrkEN1AEGj+AZvII368l6sd6tj3HrnDWZ2QF/YH3+AJ1pnZM=</latexit>

Lkinp
�gE

=
<latexit sha1_base64="SMzOGiLWppEO4Kuq3dYmsgk2rms=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx4r2A9oQtlsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJXCoOt+O2vrG5tb26Wd8u7e/sFh5ei4bZJMM95iiUx0N6SGS6F4CwVK3k01p3EoeScc3838zhPXRiTqEScpD2I6VCISjKKVOn4ohkM/71eqbs2dg6wSryBVKNDsV778QcKymCtkkhrT89wUg5xqFEzyadnPDE8pG9Mh71mqaMxNkM/PnZJzqwxIlGhbCslc/T2R09iYSRzazpjiyCx7M/E/r5dhdBPkQqUZcsUWi6JMEkzI7HcyEJozlBNLKNPC3krYiGrK0CZUtiF4yy+vkna95l3V6g+X1cZtEUcJTuEMLsCDa2jAPTShBQzG8Ayv8Oakzovz7nwsWtecYuYE/sD5/AFUdY+P</latexit> ⇢ <latexit sha1_base64="E58Zbd4K8hFW6/WT4ejhMY6RaLw=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9aIUvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777aysrq1vbBa2its7u3v7pYPDpolTzXiDxTLW7YAaLoXiDRQoeTvRnEaB5K1gdDv1W09cGxGrRxwn3I/oQIlQMIpWerj2eqWyW3FnIMvEy0kZctR7pa9uP2ZpxBUySY3peG6CfkY1Cib5pNhNDU8oG9EB71iqaMSNn80unZBTq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieOVnQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTtCF4iy8vk2a14l1Uqvfn5dpNHkcBjuEEzsCDS6jBHdShAQxCeIZXeHNGzovz7nzMW1ecfOYI/sD5/AH9SIz/</latexit>

= 1
<latexit sha1_base64="4rgQwz80S+V+0EEw+dSuOrmJlIU=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhuLEkRdaMURHDhooJ9QBPCZDpph04mcWYilCGf4MZfceNCEbcu3fk3Th8LbT1w4XDOvdx7T5gyKpXjfFtz8wuLS8uFleLq2vrGpr213ZBJJjCp44QlohUiSRjlpK6oYqSVCoLikJFm2L8c+s0HIiRN+J0apMSPUZfTiGKkjBTYB14kENbaw4jBmzzQnohhn/I81568F0ofdYOrPD8P7JJTdkaAs8SdkBKYoBbYX14nwVlMuMIMSdl2nVT5GglFMSN50cskSRHuoy5pG8pRTKSvRw/lcN8oHRglwhRXcKT+ntAolnIQh6YzRqonp72h+J/XzlR05mvK00wRjseLooxBlcBhOrBDBcGKDQxBWFBzK8Q9ZBJSJsOiCcGdfnmWNCpl96RcuT0uVS8mcRTALtgDh8AFp6AKrkEN1AEGj+AZvII368l6sd6tj3HrnDWZ2QF/YH3+AJ1pnZM=</latexit>

Lkinp
�gE

=

Weyl currents

<latexit sha1_base64="EDSH8sSqNlgkHSuaaIQbR35QnpE="></latexit>

= |@µH|2 + 1

⇤2
(@µ|H|2)2 + · · ·

<latexit sha1_base64="MQ92YHGvKwgQ2oQ1KDf4NFJmuoY=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrtB1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpatap3Wa09XFTqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDLuPYA==</latexit>

⇤
<latexit sha1_base64="qnx2ptJLa/mS8L8PXLfGgPwF85I=">AAAB+HicbVDLSgMxFL3js9ZHqy7dBIvgqswUUVdScONCoYJ9QGcomUymDU0yQ5IRaumXuHGhiFs/xZ1/Y9rOQlsPBA7nnMu9OWHKmTau++2srK6tb2wWtorbO7t7pfL+QUsnmSK0SRKeqE6INeVM0qZhhtNOqigWIaftcHg99duPVGmWyAczSmkgcF+ymBFsrNQrl/xbG46wr5lAd71Gr1xxq+4MaJl4OalADpv/8qOEZIJKQzjWuuu5qQnGWBlGOJ0U/UzTFJMh7tOupRILqoPx7PAJOrFKhOJE2ScNmqm/J8ZYaD0SoU0KbAZ60ZuK/3ndzMSXwZjJNDNUkvmiOOPIJGjaAoqYosTwkSWYKGZvRWSAFSbGdlW0JXiLX14mrVrVO6/W7s8q9au8jgIcwTGcggcXUIcbaEATCGTwDK/w5jw5L8678zGPrjj5zCH8gfP5A/gvkqI=</latexit>

⇤ ⇠ MP

[S. Aoki, H. M. Lee (2022)]

But, “Hilltop-like” inflation is possible only for very small           .

canonical inflaton

[D. Ghilencea, H. M. Lee (2018)]

<latexit sha1_base64="5IoUN3kr26MdxzKcb1s7Oduy8es=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqHiQghePFUxbaEPZbDft0s0m7E6EUvobvHhQxKs/yJv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFtfWNza3idmlnd2//oHx41DRJphn3WSIT3Q6p4VIo7qNAydup5jQOJW+Fo7uZ33ri2ohEPeI45UFMB0pEglG0kt9lQ3HTK1fcqjsHWSVeTiqQo9Erf3X7CctirpBJakzHc1MMJlSjYJJPS93M8JSyER3wjqWKxtwEk/mxU3JmlT6JEm1LIZmrvycmNDZmHIe2M6Y4NMveTPzP62QYXQcTodIMuWKLRVEmCSZk9jnpC80ZyrEllGlhbyVsSDVlaPMp2RC85ZdXSbNW9S6rtYeLSv02j6MIJ3AK5+DBFdThHhrgAwMBz/AKb45yXpx352PRWnDymWP4A+fzB38yjnk=</latexit>� :

<latexit sha1_base64="wPr4b4Pkqp04nk2nSzwckTHGeRI=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkpSRF1JwU0XLirYBzQhTCaTdujkwcykWEL/xI0LRdz6J+78G6dtFtp6YOBwzj3cO8dPOZPKsr6N0tr6xuZWebuys7u3f2AeHnVkkglC2yThiej5WFLOYtpWTHHaSwXFkc9p1x/dzfzumArJkvhRTVLqRngQs5ARrLTkmabzxLzmBXLudSbAXtMzq1bNmgOtErsgVSjQ8swvJ0hIFtFYEY6l7NtWqtwcC8UIp9OKk0maYjLCA9rXNMYRlW4+v3yKzrQSoDAR+sUKzdXfiRxHUk4iX09GWA3lsjcT//P6mQpv3JzFaaZoTBaLwowjlaBZDShgghLFJ5pgIpi+FZEhFpgoXVZFl2Avf3mVdOo1+6pWf7isNm6LOspwAqdwDjZcQwOa0II2EBjDM7zCm5EbL8a78bEYLRlF5hj+wPj8AUDDksI=</latexit>

⇠H ,⇤H

Cutoff-scale:
insensitive to 

<latexit sha1_base64="ixEgDBYKym0ZgHAbTMe45vfZYHk=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLz1WMG2hDWWz3bRLN5uwOxFL6W/w4kERr/4gb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubRd2irt7+weHpaPjpkkyzbjPEpnodkgNl0JxHwVK3k41p3EoeSsc3c381iPXRiTqAccpD2I6UCISjKKV/O6T6NV7pbJbcecgq8TLSRlyNHqlr24/YVnMFTJJjel4borBhGoUTPJpsZsZnlI2ogPesVTRmJtgMj92Ss6t0idRom0pJHP198SExsaM49B2xhSHZtmbif95nQyjm2AiVJohV2yxKMokwYTMPid9oTlDObaEMi3srYQNqaYMbT5FG4K3/PIqaVYr3lWlen9Zrt3mcRTgFM7gAjy4hhrUoQE+MBDwDK/w5ijnxXl3Phata04+cwJ/4Hz+AKbRjpM=</latexit>

⇠H

Non-minimal coupling



Double Weyl gravity
• Doubled diffeomorphism and two Weyl gauge fields: -20-

• Effective Weyl gravity: 

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

Choose extra Weyl photon X, decoupled from dilaton.

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

Weyl symmetry:

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,

[S. Aoki, H. M. Lee(2022)]

Broken diffeom: 

<latexit sha1_base64="WsCZmJzU12YjzQCJPuYFPrvQJvg=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0gKh4k4MVjBPOAZAmzk9lkzDyWmVkhLPkHLx4U8er/ePNvnCR70MSChqKqm+6uKOHMWN//9lZW19Y3Ngtbxe2d3b390sFh06hUE9ogiivdjrChnEnasMxy2k40xSLitBWNbqd+64lqw5R8sOOEhgIPJIsZwdZJzXavK9LrXqnsV/wZ0DIJclKGHPVe6avbVyQVVFrCsTGdwE9smGFtGeF0UuymhiaYjPCAdhyVWFATZrNrJ+jUKX0UK+1KWjRTf09kWBgzFpHrFNgOzaI3Ff/zOqmNr8KMySS1VJL5ojjlyCo0fR31mabE8rEjmGjmbkVkiDUm1gVUdCEEiy8vk2a1ElxUqvfn5dpNHkcBjuEEziCAS6jBHdShAQQe4Rle4c1T3ov37n3MW1e8fOYI/sD7/AE/Bo7o</latexit>

Xµ :
<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>, orthogonal combination.



Palatini limit of Higgs inflation
• Effects of the light Weyl photon X:

-21-

Add the X-covariant derivative term in Higgs-Weyl gravity:

~ Palatini formulation, but differ by light Weyl photon.

Effective Weyl symmetry:

Effective Lagrangian:

<latexit sha1_base64="xHKVZ8JK2c0I8IYSkan6QERnAJ8=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBahXkpSRL1UCl56rGA/oI1hs920SzebsLtRSuj/8OJBEa/+F2/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/PHtzO88UqlYJO71JKZuiIeCBYxgbaSHsvT68YjVpNeoOedesWRX7DnQKnEyUoIMTa/41R9EJAmp0IRjpXqOHWs3xVIzwum00E8UjTEZ4yHtGSpwSJWbzq+eojOjDFAQSVNCo7n6eyLFoVKT0DedIdYjtezNxP+8XqKDazdlIk40FWSxKEg40hGaRYAGTFKi+cQQTCQztyIywhITbYIqmBCc5ZdXSbtacS4r1buLUv0miyMPJ3AKZXDgCurQgCa0gICEZ3iFN+vJerHerY9Fa87KZo7hD6zPHwh1kYw=</latexit>

(r� = rH = 1)



Metric to Palatini Higgs inflation
• General kinetic terms with two Weyl photons:

Cutoff scale varies 

from            to       . 

• Higgs inflation varies 
between metric and Palatini 
cases

<latexit sha1_base64="uSp7elPoJxZGoSiZksz5nOzMfoo=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9aIUvPRYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3YKe7u7R8clo6OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdD/zW09cG5GoRxynPIjpQIlIMIpW8nWvfuv1SmW34s5BVomXkzLkaPRKX91+wrKYK2SSGtPx3BSDCdUomOTTYjczPKVsRAe8Y6miMTfBZH7slJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//zOhlGN8FEqDRDrthiUZRJggmZfU76QnOGcmwJZVrYWwkbUk0Z2nyKNgRv+eVV0qxWvKtK9eGyXLvL4yjAKZzBBXhwDTWoQwN8YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ARmGjjY=</latexit>

rH = 1

<latexit sha1_base64="jM2R+gVvmM2QI3pDjFCE9NuwJUw=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9aIUvPRYwbSFNpTNdtMu3WzC7kQopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3YKe7u7R8clo6OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdD/zW09cG5GoRxynPIjpQIlIMIpW8nWvfuv2SmW34s5BVomXkzLkaPRKX91+wrKYK2SSGtPx3BSDCdUomOTTYjczPKVsRAe8Y6miMTfBZH7slJxbpU+iRNtSSObq74kJjY0Zx6HtjCkOzbI3E//zOhlGN8FEqDRDrthiUZRJggmZfU76QnOGcmwJZVrYWwkbUk0Z2nyKNgRv+eVV0qxWvKtK9eGyXLvL4yjAKZzBBXhwDTWoQwN8YCDgGV7hzVHOi/PufCxa15x85gT+wPn8ARgCjjU=</latexit>

rH = 0

<latexit sha1_base64="QiXhugQMgp59z2rA+GZBV7Irz0c=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVA9VCl56rGA/oI1hs920SzebsLtRSuj/8OJBEa/+F2/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/PHtzO88UqlYJO71JKZuiIeCBYxgbaQHuya9fjxi19Jr1ByvWLLL9hxolTgZKUGGplf86g8ikoRUaMKxUj3HjrWbYqkZ4XRa6CeKxpiM8ZD2DBU4pMpN51dP0ZlRBiiIpCmh0Vz9PZHiUKlJ6JvOEOuRWvZm4n9eL9HBlZsyESeaCrJYFCQc6QjNIkADJinRfGIIJpKZWxEZYYmJNkEVTAjO8surpF0pO9Vy5e6iVL/J4sjDCZzCOThwCXVoQBNaQEDCM7zCm/VkvVjv1seiNWdlM8fwB9bnDy7ikaY=</latexit>

0 < r� = rH < 1for

-22-

metric

Palatini

<latexit sha1_base64="nMZYzWrIZZtyea1cXlu+JUKp0g8=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUS9KwUuPFewHtsuSTbNtaDa7JFmhLP0XXjwo4tV/481/Y9ruQVsfDDzem2FmXpAIro3jfKPC2vrG5lZxu7Szu7d/UD48aus4VZS1aCxi1Q2IZoJL1jLcCNZNFCNRIFgnGN/N/M4TU5rH8sFMEuZFZCh5yCkxVnpUfj8Z8RvlN/xyxak6c+BV4uakAjmafvmrP4hpGjFpqCBa91wnMV5GlOFUsGmpn2qWEDomQ9azVJKIaS+bXzzFZ1YZ4DBWtqTBc/X3REYirSdRYDsjYkZ62ZuJ/3m91ITXXsZlkhom6WJRmApsYjx7Hw+4YtSIiSWEKm5vxXREFKHGhlSyIbjLL6+Sdq3qXlZr9xeV+m0eRxFO4BTOwYUrqEMDmtACChKe4RXekEYv6B19LFoLKJ85hj9Anz9E+JCl</latexit>r� = rH

<latexit sha1_base64="ZRiJor8/iTPDmFczi4GKqo90vV8=">AAAB6nicbVDLSgMxFL3js9ZX1aWbYBFclZki6koKbtwIFe0D2qFk0jttaCYzJBmhDP0ENy4UcesXufNvTNtZaOuBwOGcc8m9J0gE18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Gbqt55QaR7LRzNO0I/oQPKQM2qs9HDXq/dKZbfizkCWiZeTMuSw+a9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NVJ+TUKn0Sxso+achM/T2R0UjrcRTYZETNUC96U/E/r5Oa8MrPuExSg5LNPwpTQUxMpneTPlfIjBhbQpnidlfChlRRZmw7RVuCt3jyMmlWK95FpXp/Xq5d53UU4BhO4Aw8uIQa3EIdGsBgAM/wCm+OcF6cd+djHl1x8pkj+APn8wf6MY2X</latexit>

MP
<latexit sha1_base64="plOsS+fIB7d6uFz+6Vx+SfhshBo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU90top6k4KUXoYL9kHZZsmnahibZJcmKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz88KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Qa8qZpA3DDKftWFEsQk5b4ehm6rceqdIskvdmHFNf4IFkfUawsdLDbVA/6z6xoBYUS27ZnQEtEy8jJchQD4pf3V5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUokF1X46O3iCTqzSQ/1I2ZIGzdTfEykWWo9FaDsFNkO96E3F/7xOYvpXfspknBgqyXxRP+HIRGj6PeoxRYnhY0swUczeisgQK0yMzahgQ/AWX14mzUrZuyhX7s5L1essjjwcwTGcggeXUIUa1KEBBAQ8wyu8Ocp5cd6dj3lrzslmDuEPnM8fB7KP5g==</latexit>

MP /⇠H



Higgs mechanism of Weyl photon
• “X”  Weyl photon is light, if it couples only to SM 

Higgs and light singlet “s”:

-23-

<latexit sha1_base64="wAi4e5YxrNSHgoXEHPh/NsAJYHk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgxbAbRD0GvXhMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGdzO/9YRK81g+mHGCfkQHkoecUWOl+kWvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwxp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaVbK3lW5Ur8sVW+zOPJwAqdwDh5cQxXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A3bXjLg=</latexit>� <latexit sha1_base64="jWjH2UTQ5sFlkB0+pmxP4jLVz6U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvatypX5Zqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PPjLY=</latexit>

+
<latexit sha1_base64="7lYW1SkcX6sIDNIn9LTrpOKv/2Q=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUpoi6LblxWsA9oQ5lMbtqhk0k6MxFKKG78FTcuFHHrV7jzb5y2WWjrgXs5nHMvM/f4CWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmilNJoUFjHsu2TxRwJqChmebQTiSQyOfQ8oc3U7/1AFKxWNzrcQJeRPqChYwSbaSefdRNRQDSl4RC1h2NUhLM+6Rnl52KMwNeJm5OyihHvWd/dYOYphEITTlRquM6ifYyIjWjHCalbqogIXRI+tAxVJAIlJfNTpjgU6MEOIylKaHxTP29kZFIqXHkm8mI6IFa9Kbif14n1eGVlzGRpBoEnT8UphzrGE/zwAGTQDUfG0KoZOavmA6IiUOb1EomBHfx5GXSrFbci0r17rxcu87jKKJjdILOkIsuUQ3dojpqIIoe0TN6RW/Wk/VivVsf89GCle8coj+wPn8AV5eYCw==</latexit>| {z }

<latexit sha1_base64="SrMYE4pgy2w+ZFK3Q0YWal8isf0=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj00mNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WjmSToR3QoecgZNVZ6oP16v1R2K+4cZJV4OSlDjka/9NUbxCyNUBomqNZdz02Mn1FlOBM4LfZSjQllYzrErqWSRqj9bH7qlJxbZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMT3vgZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTtCF4yy+vkla14l1VqveX5dptHkcBTuEMLsCDa6hBHRrQBAZDeIZXeHOE8+K8Ox+L1jUnnzmBP3A+fwANzI2n</latexit>aH

Weyl photon mass:

• Higgs-singlet scalar mixing is necessary.

Higgs precision at 10(1)%

Weyl photon interactions:



Interactions of Weyl photon
• Higgs and X-Goldstone interactions:

-24-

• + Gauge kinetic mixing

Weyl photons interact with a pair of SM Higgs bosons. 

Z-boson couplings to Weyl current

Weyl photon couplings to EM current

<latexit sha1_base64="GTSW99QlSCBaXKiUhOYULD4V/i8=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YAmlM120y7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMuu63s7a+sbm1Xdop7+7tHxxWjo7bJsk04y2WyER3Q2q4FIq3UKDk3VRzGoeSd8Lx3czvPHFtRKIecZLyIKZDJSLBKFqp44diOPTzfqXq1tw5yCrxClKFAs1+5csfJCyLuUImqTE9z00xyKlGwSSflv3M8JSyMR3ynqWKxtwE+fzcKTm3yoBEibalkMzV3xM5jY2ZxKHtjCmOzLI3E//zehlGN0EuVJohV2yxKMokwYTMficDoTlDObGEMi3srYSNqKYMbUJlG4K3/PIqaddr3lWt/nBZbdwWcZTgFM7gAjy4hgbcQxNawGAMz/AKb07qvDjvzseidc0pZk7gD5zPH1Wpj5M=</latexit>⇢



Conclusions

• Non-linear Higgs kinetic terms can be linearized with 
a massive singlet scalar field in linear sigma models or 
can be cancelled by a massive Weyl photon.

• Higgs inflation is a non-linear sigma model or described 
by the effective Weyl current-current interaction in 
Einstein gravity.
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• We considered a Weyl gravity theory for Higgs 
inflation with one or two Weyl photons.  There are 
new testable predictions for inflation and/or Higgs 
physics with light Weyl photon.


