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Natural inflation?

• Natural inflation and Higgs(R2) inflation are motivated most 
and compatible with CMB.
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• Explains horizon, homogeneity, flatness, relics, and structures. 



• Higgs non-minimal coupling to gravity is necessary for 
renormalization on curved background. 

Higgs inflation

[Bezrukov, Shaposhnikov (2007)]
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Field-dependent Planck scale drives 
Higgs potential flat at large fields!
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Troubles with large coupling
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[Burgess, HML, Trott (2009,2010); Barbon, 
Espinosa (2009); Hertzberg (2010)]

• CMB needs a large non-minimal coupling unless tuned.
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• Unitarity scale is larger during inflation.
for saturated W, Z masses: 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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Perturbative unitarity 
is violated at low scale.
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Vacuum stability

• Higgs mass needs a small quartic coupling:

• Higgs mixing with singlet scalar: larger Higgs quartic coupling.

m2
h
= 2v2�H .

SM vacuum would be unstable.�H(mH) = 0.13

[Giudice, HML, Espinosa et al (2012)]
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Higgs in induced gravity
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3) Heavy sigma saves 
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<latexit sha1_base64="ukhEEsEsQIjZgzNwEKZuqcDmEHE=">AAACGnicdVDJSgMxAM3UrdZt1KOXYBEqSJkZC+pBKXiwxwp2gU5bMmnahiaZIckIZeh/ePFXvHhQ8SZe/BvTRahFHwQebyHJCyJGlXacLyu1tLyyupZez2xsbm3v2Lt7VRXGEpMKDlko6wFShFFBKppqRuqRJIgHjNSCwfXYr90TqWgo7vQwIk2OeoJ2KUbaSG3b4y2v7Sva4+iy4DNT7CBYanlG4jDnOq3EPR35J4kvObwh1dGxidtZN+9MAJ0f4i6SLJih3LY//E6IY06Exgwp1XCdSDcTJDXFjIwyfqxIhPAA9UjDUIE4Uc1k8rcRPDJKB3ZDaY7QcKLONxLElRrywCQ50n216I3Fv7xGrLvnzYSKKNZE4OlF3ZhBHcLxULBDJcGaDQ1BWFLzVoj7SCKszZyZ+RH+JxUvf5F3bwvZ4tVsjTQ4AIcgB1xwBoqgBMqgAjB4AE/gBbxaj9az9Wa9T6Mpa9bZB79gfX4D3jae/g==</latexit><latexit sha1_base64="ukhEEsEsQIjZgzNwEKZuqcDmEHE=">AAACGnicdVDJSgMxAM3UrdZt1KOXYBEqSJkZC+pBKXiwxwp2gU5bMmnahiaZIckIZeh/ePFXvHhQ8SZe/BvTRahFHwQebyHJCyJGlXacLyu1tLyyupZez2xsbm3v2Lt7VRXGEpMKDlko6wFShFFBKppqRuqRJIgHjNSCwfXYr90TqWgo7vQwIk2OeoJ2KUbaSG3b4y2v7Sva4+iy4DNT7CBYanlG4jDnOq3EPR35J4kvObwh1dGxidtZN+9MAJ0f4i6SLJih3LY//E6IY06Exgwp1XCdSDcTJDXFjIwyfqxIhPAA9UjDUIE4Uc1k8rcRPDJKB3ZDaY7QcKLONxLElRrywCQ50n216I3Fv7xGrLvnzYSKKNZE4OlF3ZhBHcLxULBDJcGaDQ1BWFLzVoj7SCKszZyZ+RH+JxUvf5F3bwvZ4tVsjTQ4AIcgB1xwBoqgBMqgAjB4AE/gBbxaj9az9Wa9T6Mpa9bZB79gfX4D3jae/g==</latexit><latexit sha1_base64="ukhEEsEsQIjZgzNwEKZuqcDmEHE=">AAACGnicdVDJSgMxAM3UrdZt1KOXYBEqSJkZC+pBKXiwxwp2gU5bMmnahiaZIckIZeh/ePFXvHhQ8SZe/BvTRahFHwQebyHJCyJGlXacLyu1tLyyupZez2xsbm3v2Lt7VRXGEpMKDlko6wFShFFBKppqRuqRJIgHjNSCwfXYr90TqWgo7vQwIk2OeoJ2KUbaSG3b4y2v7Sva4+iy4DNT7CBYanlG4jDnOq3EPR35J4kvObwh1dGxidtZN+9MAJ0f4i6SLJih3LY//E6IY06Exgwp1XCdSDcTJDXFjIwyfqxIhPAA9UjDUIE4Uc1k8rcRPDJKB3ZDaY7QcKLONxLElRrywCQ50n216I3Fv7xGrLvnzYSKKNZE4OlF3ZhBHcLxULBDJcGaDQ1BWFLzVoj7SCKszZyZ+RH+JxUvf5F3bwvZ4tVsjTQ4AIcgB1xwBoqgBMqgAjB4AE/gBbxaj9az9Wa9T6Mpa9bZB79gfX4D3jae/g==</latexit><latexit sha1_base64="ukhEEsEsQIjZgzNwEKZuqcDmEHE=">AAACGnicdVDJSgMxAM3UrdZt1KOXYBEqSJkZC+pBKXiwxwp2gU5bMmnahiaZIckIZeh/ePFXvHhQ8SZe/BvTRahFHwQebyHJCyJGlXacLyu1tLyyupZez2xsbm3v2Lt7VRXGEpMKDlko6wFShFFBKppqRuqRJIgHjNSCwfXYr90TqWgo7vQwIk2OeoJ2KUbaSG3b4y2v7Sva4+iy4DNT7CBYanlG4jDnOq3EPR35J4kvObwh1dGxidtZN+9MAJ0f4i6SLJih3LY//E6IY06Exgwp1XCdSDcTJDXFjIwyfqxIhPAA9UjDUIE4Uc1k8rcRPDJKB3ZDaY7QcKLONxLElRrywCQ50n216I3Fv7xGrLvnzYSKKNZE4OlF3ZhBHcLxULBDJcGaDQ1BWFLzVoj7SCKszZyZ+RH+JxUvf5F3bwvZ4tVsjTQ4AIcgB1xwBoqgBMqgAjB4AE/gBbxaj9az9Wa9T6Mpa9bZB79gfX4D3jae/g==</latexit>

Z
D eiS(g, ) = ei

R
d4x

p
�g(M2

PR+··· ) [Zee, Smolin (1979)]

Induce gravity

1) SO(4)→SO(1,5)/SO(5)

-5-• Integrating in the sigma field with “non-compact” 
field space,

Lkin = � 1

2⇠0�2

h
(@µ~�)

2 + 6⇠0(@µ�)
2
i
: SO(1, 5)/SO(5).

[Giudice,HML (2010)]�2 � ~�2 = ⇠�1
0 ,



Higgs inflation in sigma models 
and supergravity extensions



Higgs in conformal frame
• Original Lagrangian for Higgs inflation. -6-

Conformal mode:

• Frame-independent (conformal) frame for Higgs inflation.

Non-linear sigma model with constraint,
[Giudice, HML (2010); Y. Ema et al (2020)]

“Unitarizing Higgs inflation” in conformal frame.

Promote the constraint to a dynamical field with perturbativity

Conformal mode:
Field redefinition:

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

�i = e'�̂i,
p
6e' = �+ �

Gauge fixing



Starobinsky in conformal frame
• 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� ↵�̂2

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

Scalar-dual:

identical to linear sigma model:

sigma quartic coupling,

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

[Y. Ema et al (2020)]

constraint equation,
<latexit sha1_base64="GtUL3rcQzer818f/yydu/55iKgE="></latexit>

4↵� =
1

2
� 1
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✓
� +

p
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2
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⇣
⇠ +
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6

⌘
�2
i

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

“dynamical scalar σ”



Generalization to F(R) 
• General higher curvature terms + Higgs inflation

-8-

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

�2
X

k

↵k�̂k R̂

A Lagrange multiplier per each 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

conformal-invariant sigma potential

[HML, Menkara (2021)]

General sigma-model Lagrangian:



F(R) on vacuum manifold
• Use equations of motion for 

-9-

<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

“Identical" vacuum manifold as for Starobinsky

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

y = 0 :

<latexit sha1_base64="riNN8anrPWjHVJusVF/uRa32LgE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2BRXEiZKaKupODGZQX7gM4wZNJMG5pkhiQjlLELf8WNC0Xc+hvu/BvT6Sy09YRcDufcS25OmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOObqZ+54FIRWNxr8cJ8TkaCBpRjLSRAvvAU3TAkXdmzklekyENaGBXnZqTAy4StyBVUKAZ2F9eP8YpJ0JjhpTquU6i/QxJTTEjk4qXKpIgPEID0jNUIE6Un+X7T+CxUfowiqW5QsNc/T2RIa7UmIemkyM9VPPeVPzP66U6uvIzKpJUE4FnD0UpgzqG0zBgn0qCNRsbgrCkZleIh0girE1kFROCO//lRdKu19yLWv3uvNq4LuIog0NwBE6BCy5BA9yCJmgBDB7BM3gFb9aT9WK9Wx+z1pJVzOyDP7A+fwBN+ZT+</latexit>

� & �i

<latexit sha1_base64="hce8OoRLRlC1uJV+BgCsl8o9wEg=">AAAB+3icbVDLSsNAFL3xWesr1qWbwaK4kJAUUVdScOOygn1AE8JkOmmHTh7MTMRQ+ituXCji1h9x5984abPQ1jPM5XDOvcydE6ScSWXb38bK6tr6xmZlq7q9s7u3bx7UOjLJBKFtkvBE9AIsKWcxbSumOO2lguIo4LQbjG8Lv/tIhWRJ/KDylHoRHsYsZAQrLflmzSUj5o/dc31Oi5pbvlm3LXsGtEycktShRMs3v9xBQrKIxopwLGXfsVPlTbBQjHA6rbqZpCkmYzykfU1jHFHpTWa7T9GJVgYoTIS+sUIz9ffEBEdS5lGgOyOsRnLRK8T/vH6mwmtvwuI0UzQm84fCjCOVoCIINGCCEsVzTTARTO+KyAgLTJSOq6pDcBa/vEw6Dcu5tBr3F/XmTRlHBY7gGM7AgStowh20oA0EnuAZXuHNmBovxrvxMW9dMcqZQ/gD4/MH3XCTBQ==</latexit>

�k & y.

• General sigma-model potential:  a function of

[HML, Menkara (2021)]



Higgs-Starobinsky inflation
• Higgs-Starobinsky Lagrangian in Einstein frame
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• Effective theory for inflation:

Perturbativity:
<latexit sha1_base64="+OYvp12Yfk8CP+X6tOBRhPGAcIw=">AAACGnicbVDLSgNBEJz1GeMr6tHLYBD0EnaiRC9KwIs3I5gHZEPoncwmQ2Z3h5lZISz7HV78FS8eFPEmXvwbJ4+DRgsaiqpuurt8Kbg2rvvlLCwuLa+s5tby6xubW9uFnd2GjhNFWZ3GIlYtHzQTPGJ1w41gLakYhL5gTX94Nfab90xpHkd3ZiRZJ4R+xANOwVipWyDeEKSELrnwAgU0JVl6UvFAyIHVMk8wrTUPcepREPgmOyLH3ULRLbkT4L+EzEgRzVDrFj68XkyTkEWGCtC6TVxpOikow6lgWd5LNJNAh9BnbUsjCJnupJPXMnxolR4OYmUrMnii/pxIIdR6FPq2MwQz0PPeWPzPaycmOO+kPJKJYRGdLgoSgU2MxznhHleMGjGyBKji9lZMB2AjMjbNvA2BzL/8lzTKJVIplW9Pi9XLWRw5tI8O0BEi6AxV0TWqoTqi6AE9oRf06jw6z86b8z5tXXBmM3voF5zPbwZdoDM=</latexit>

1 =
1

36↵1
. O(1)

[HML, Menkara (2021)]

<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>,



Limits of Higgs inflation
• Inflaton potential:
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Starobinsky-like

Higgs-like

CMB normalization:

• Similar predictions as in Higgs or Starobinsky models.

Spectral index:

Tensor-to-scalar:
small corrections

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

(1⇠
2 . 1)

Reheating: Efficient for large 
<latexit sha1_base64="xKxtV1wo9q7Jf/H2wL8vY/zWK1c=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0iKqCcpePFYwX5AG8pmu2mX7m7C7kYsoX/BiwdFvPqHvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXeruzs7u0fVA+P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek9vc7zxSpVksH8w0oYHAI8kiRrDJpf4TcwfVmud6c6BV4hekBgWag+pXfxiTVFBpCMda93wvMUGGlWGE01mln2qaYDLBI9qzVGJBdZDNb52hM6sMURQrW9Kgufp7IsNC66kIbafAZqyXvVz8z+ulJroOMiaT1FBJFouilCMTo/xxNGSKEsOnlmCimL0VkTFWmBgbT8WG4C+/vEradde/dOv3F7XGTRFHGU7gFM7BhytowB00oQUExvAMr/DmCOfFeXc+Fq0lp5g5hj9wPn8AyNiOEA==</latexit>

⇠.
A. Menkara’s 

Talk!

<latexit sha1_base64="xGyLvRY5rA75zSOdglTPtyZ/LlE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFETxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dlZW19Y3Ngtbxe2d3b390sFh08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVI44T7kd0oEQoGEUrPTR7t71S2a24M5Bl4uWkDDnqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mp07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzyM6GSFLli80VhKgnGZPo36QvNGcqxJZRpYW8lbEg1ZWjTKdoQvMWXl0mzWvEuKtX783LtOo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89YVJ585gj9wPn8A9zuNlQ==</latexit>

VE



Higgs inflation in supergravity
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[D.R.T. Jones et al (2009); Ferrara et al (2010); HML (2010)]

• Starobinsky model in superconformal supergravity.

<latexit sha1_base64="p+MEO2pIahWDVMoD2JhVPbJCS/E="></latexit>

Ldual = ↵X̄0X0C̄C|D + (X0)3T
⇣
C � R

X0

⌘����
F

+ h.c.

<latexit sha1_base64="papiuqBtrZI/CPfhmXOwODjZroo="></latexit>

LR2 = ↵R̄R|D = ↵R2 + · · ·

<latexit sha1_base64="PS9r8j6pgf7VgcuPQ0bBu782WKk="></latexit>

Ldual = X̄0X0
⇣
↵C̄C � (T + T̄ )

⌘
|D + (X0)3TC|F + h.c.

Two superfields needed,
<latexit sha1_base64="9EVRT0Vj2CeN2Y6j2VZlYgkqTbg=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbFQylJEfUkhV48VugXNKFstpt26WaT7m6EEvonvHhQxKt/x5v/xm2bg7Y+GHi8N8PMPD/mTGnb/rZyG5tb2zv53cLe/sHhUfH4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf1yf+50nKhWLRFNPY+qFeChYwAjWRurW3bJ76Zab/WLJrtgLoHXiZKQEGRr94pc7iEgSUqEJx0r1HDvWXoqlZoTTWcFNFI0xGeMh7RkqcEiVly7unaELowxQEElTQqOF+nsixaFS09A3nSHWI7XqzcX/vF6igzsvZSJONBVkuShIONIRmj+PBkxSovnUEEwkM7ciMsISE20iKpgQnNWX10m7WnFuKtXH61LtPosjD2dwDlfgwC3U4AEa0AICHJ7hFd6sifVivVsfy9aclc2cwh9Ynz+B1I72</latexit>

C &T

[S. Cecotti (1987); Ferrara et al 
(2013); Kugo et al (1983)]

• NMSSM + Starobinsky
<latexit sha1_base64="FoVSUBwYbDHQJbsDZRStFXhLm/M=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kkCXrwZwTwgWcLsZDYZM49lZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSjgz1ve/vZXVtfWNzcJWcXtnd2+/dHDYNCrVhDaI4kq3I2woZ5I2LLOcthNNsYg4bUWjm6nfeqLaMCUf7DihocADyWJGsHVSs3sn6AD3SmW/4s+AlkmQkzLkqPdKX92+Iqmg0hKOjekEfmLDDGvLCKeTYjc1NMFkhAe046jEgpowm107QadO6aNYaVfSopn6eyLDwpixiFynwHZoFr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCiCyFYfHmZNKuV4KJSvT8v167zOApwDCdwBgFcQg1uoQ4NIPAIz/AKb57yXrx372PeuuLlM0fwB97nD2BHjv4=</latexit>

⌦

[Aoki, HML, Menkara (2021)]

<latexit sha1_base64="R0L640sv3tg/z7P9qseG0YpXpEA=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9SQFLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777aytb2xubRd2irt7+weHpaPjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlRrtfKrsVdw6ySryclCFHvV/66g1ilkYoDRNU667nJsbPqDKcCZwWe6nGhLIxHWLXUkkj1H42P3RKzq0yIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynaELzll1dJq1rxrirVxmW5dpvHUYBTOIML8OAaanAPdWgCA4RneIU359F5cd6dj0XrmpPPnMAfOJ8/tUuM3g==</latexit>

W

• SUSY Higgs inflation: Extended Higgs sector



Jordan vs conformal frames 
• Jordan-frame Lagrangian:
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[Aoki, HML, Menkara (2021)]

manifest symmetry of sigma model & unitarity

<latexit sha1_base64="lV0oPcVyzqilGWFnYRSdWiXGkGo=">AAACJnicbZDLSsNAFIYnXmu9RV26GSyCCy1JkOqmUnDjsoK9QJOWyXTSDp1cmJkINc3TuPFV3LioiLjzUZy2wUvrgYGP/z+HM+d3I0aFNIwPbWl5ZXVtPbeR39za3tnV9/brIow5JjUcspA3XSQIowGpSSoZaUacIN9lpOEOrid+455wQcPgTg4j4vioF1CPYiSV1NHLZdvjCCdmmljp2TeX0lFi95GED2mbjtrWj2NaqS1oz0dt6xR29IJRNKYFF8HMoACyqnb0sd0NceyTQGKGhGiZRiSdBHFJMSNp3o4FiRAeoB5pKQyQT4STTM9M4bFSutALuXqBhFP190SCfCGGvqs6fST7Yt6biP95rVh6l05CgyiWJMCzRV7MoAzhJDPYpZxgyYYKEOZU/RXiPlKBSJVsXoVgzp+8CHWraJaK1u15oXKVxZEDh+AInAATXIAKuAFVUAMYPIJnMAav2pP2or1p77PWJS2bOQB/Svv8AhjepYA=</latexit>

=
1

2
� 1

6
|ẑi|2 � 1

12
�2,

Field redefinitions:

Conformal frame

sigma potential Heavy dual-scalars



Stability of inflation
• Inflationary trajectory:
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<latexit sha1_base64="p8r2bY6ZKCBGgOeAdUHo0gMP0HI=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJIUUU9S8OKxgv2ANpTNdtIu3Wzi7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortboSH4l73iuV3Yo7A1kmXk7KkKPeK311+zFLI5SGCap1x3MT42dUGc4ETordVGNC2YgOsGOppBFqP5udOyGnVumTMFa2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3UhNd+xmWSGpRsvihMBTExmf5O+lwhM2JsCWWK21sJG1JFmbEJFW0I3uLLy6RZrXiXler9Rbl2k8dRgGM4gTPw4ApqcAd1aACDETzDK7w5ifPivDsf89YVJ585gj9wPn8ASTaO3w==</latexit>

6= 0,

“non-SUSY” Higgs-Starobinsky 
inflation is recovered;

Effective non-minimal coupling,

• All the scalar directions are decoupled;

fields are tachyonic but they are stabilized with
<latexit sha1_base64="Z/O0hic560xsL0UMr89fPBew4Qc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbFQylJKepJCr14rGg/oAlls920SzebuLsRSuif8OJBEa/+HW/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo7aKEkloi0Q8kl0fK8qZoC3NNKfdWFIc+px2/HFj5neeqFQsEg96ElMvxEPBAkawNlL33i2752650S+W7Io9B1olTkZKkKHZL365g4gkIRWacKxUz7Fj7aVYakY4nRbcRNEYkzEe0p6hAodUeen83ik6M8oABZE0JTSaq78nUhwqNQl90xliPVLL3kz8z+slOrj2UibiRFNBFouChCMdodnzaMAkJZpPDMFEMnMrIiMsMdEmooIJwVl+eZW0qxXnslK9q5XqN1kceTiBU7gAB66gDrfQhBYQ4PAMr/BmPVov1rv1sWjNWdnMMfyB9fkDgMCO9Q==</latexit>

S&C
<latexit sha1_base64="V6OJzgL0t4Eco9N/oz9Eil0DuxM=">AAACEXicbVDLSgMxFM3UV62vUZdugkXoopSZIupKCm5cVrAP6AxDJpO2oZmHyR2hDv0FN/6KGxeKuHXnzr8xbWehrQdCDufcQ3KPnwiuwLK+jcLK6tr6RnGztLW9s7tn7h+0VZxKylo0FrHs+kQxwSPWAg6CdRPJSOgL1vFHV1O/c8+k4nF0C+OEuSEZRLzPKQEteWal6tylJMDOAwPiqer8ps4AdCbM5UzRiWeWrZo1A14mdk7KKEfTM7+cIKZpyCKggijVs60E3IxI4FSwSclJFUsIHZEB62kakZApN5ttNMEnWglwP5b6RIBn6u9ERkKlxqGvJ0MCQ7XoTcX/vF4K/Qs341GSAovo/KF+KjDEeFoPDrhkFMRYE0Il13/FdEgkoaBLLOkS7MWVl0m7XrPPavWb03LjMq+jiI7QMaogG52jBrpGTdRCFD2iZ/SK3own48V4Nz7mowUjzxyiPzA+fwD3bZ3A</latexit>

, ⇣s, ⇣c & ⇣sc

CMB + Perturbativity

[Aoki, HML, 
Menkara (2021)]

<latexit sha1_base64="OOqr3mItQw5tQdX2W9qitCnE1vo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBg5SkiHqSghePVfoFTSib7aRdutnE3U2hhP4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzL0g4U9pxvq3C2vrG5lZxu7Szu7d/YB8etVScSgpNGvNYdgKigDMBTc00h04igUQBh3Ywupv57TFIxWLR0JME/IgMBAsZJdpIPdvOPBnhR5g2PAFP2Lno2WWn4syBV4mbkzLKUe/ZX14/pmkEQlNOlOq6TqL9jEjNKIdpyUsVJISOyAC6hgoSgfKz+eVTfGaUPg5jaUpoPFd/T2QkUmoSBaYzInqolr2Z+J/XTXV442dMJKkGQReLwpRjHeNZDLjPJFDNJ4YQKpm5FdMhkYRqE1bJhOAuv7xKWtWKe1WpPlyWa7d5HEV0gk7ROXLRNaqhe1RHTUTRGD2jV/RmZdaL9W59LFoLVj5zjP7A+vwBThuSyA==</latexit>

ReT 6= 0,
<latexit sha1_base64="uSXic9eTUKhA5OJsHTXZoyJsd8Q=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzJTRN0oBTcuK9gHdIaSSTNtaB5jkhHqUPwVNy4Ucet/uPNvTNtZaOuBwOGcc7k3J0oY1cbzvp3C0vLK6lpxvbSxubW94+7uNbVMFSYNLJlU7QhpwqggDUMNI+1EEcQjRlrR8Hritx6I0lSKOzNKSMhRX9CYYmSs1HUPgvsU9WAWKA6lGdjk+NLrumWv4k0BF4mfkzLIUe+6X0FP4pQTYTBDWnd8LzFhhpShmJFxKUg1SRAeoj7pWCoQJzrMpteP4bFVejCWyj5h4FT9PZEhrvWIRzbJkRnoeW8i/ud1UhNfhBkVSWqIwLNFccqgkXBSBexRRbBhI0sQVtTeCvEAKYSNraFkS/Dnv7xImtWKf1ap3p6Wa1d5HUVwCI7ACfDBOaiBG1AHDYDBI3gGr+DNeXJenHfnYxYtOPnMPvgD5/MHCUWU8g==</latexit>

others = 0



SUSY breaking
-15-

• SUSY is restored at the minimum after inflation:

• Dual superfields could lead to SUSY breaking/mediation.

a) Higher curvature terms:

b) O’Raifeartaigh model:

<latexit sha1_base64="5VogrjZ+SrGY9DI5aXGlre+DS8M=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrtF1ItS8KK3Cm5baNeSTbNtaDZZkqxQl/4GLx4U8eoP8ua/MW33oK0PBh7vzTAzL0w408Z1v52l5ZXVtfXCRnFza3tnt7S339AyVYT6RHKpWiHWlDNBfcMMp61EURyHnDbD4fXEbz5SpZkU92aU0CDGfcEiRrCxkv/0cHvpdktlt+JOgRaJl5My5Kh3S1+dniRpTIUhHGvd9tzEBBlWhhFOx8VOqmmCyRD3adtSgWOqg2x67BgdW6WHIqlsCYOm6u+JDMdaj+LQdsbYDPS8NxH/89qpiS6CjIkkNVSQ2aIo5chINPkc9ZiixPCRJZgoZm9FZIAVJsbmU7QhePMvL5JGteKdVap3p+XaVR5HAQ7hCE7Ag3OowQ3UwQcCDJ7hFd4c4bw4787HrHXJyWcO4A+czx8kQY49</latexit>

zI = 0

<latexit sha1_base64="Yugwq/+YWBAvLWNtuST4k9os70w=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVE9S8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8N2xEbVmlt3F0DrxCtIDQq0R9Wv4TgmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKJ3RgqcSCaj9b3DpHF1YZozBWtqRBC/X3RIaF1jMR2E6BTaRXvVz8zxukJrzxMyaT1FBJlovClCMTo/xxNGaKEsNnlmCimL0VkQgrTIyNp2JD8FZfXifdRt1r1hsPV7XWbRFHGc7gHC7Bg2towT20oQMEIniGV3hzhPPivDsfy9aSU8ycwh84nz/jz44i</latexit>

�

High-scale SUSY

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

<latexit sha1_base64="VTbnydmiT9NqZL5yXOSIy6BZPyo=">AAACEXicbZDLSsNAFIYnXmu9RV26GSxCF1KSIupKCt24rNAbNKFMpqft0MkkzkyEEvoKbnwVNy4UcevOnW/jtI2grT8M/HznHM6cP4g5U9pxvqyV1bX1jc3cVn57Z3dv3z44bKookRQaNOKRbAdEAWcCGpppDu1YAgkDDq1gVJ3WW/cgFYtEXY9j8EMyEKzPKNEGde2ix4kYcMBVT87MGf4h9Yx4Au6w07ULTsmZCS8bNzMFlKnWtT+9XkSTEISmnCjVcZ1Y+ymRmlEOk7yXKIgJHZEBdIwVJATlp7OLJvjUkB7uR9I8ofGM/p5ISajUOAxMZ0j0UC3WpvC/WifR/Ss/ZSJONAg6X9RPONYRnsaDe0wC1XxsDKGSmb9iOiSSUG1CzJsQ3MWTl02zXHIvSuXb80LlOosjh47RCSoiF12iCrpBNdRAFD2gJ/SCXq1H69l6s97nrStWNnOE/sj6+AYwDJyZ</latexit>

hCi, hT i 6= 0
<latexit sha1_base64="OpbA2lFVW/2G3SMD7stbcu20A58=">AAAB9XicbVBNS8NAEN34WetX1aOXxSJ4kJIUUU9SKBSPFfoFbQyb7aRdutnE3Y1SQv+HFw+KePW/ePPfuG1z0NYHA4/3ZpiZ58ecKW3b39bK6tr6xmZuK7+9s7u3Xzg4bKkokRSaNOKR7PhEAWcCmpppDp1YAgl9Dm1/VJ367UeQikWioccxuCEZCBYwSrSR7mte9RzXvEZPwAO2vULRLtkz4GXiZKSIMtS9wlevH9EkBKEpJ0p1HTvWbkqkZpTDJN9LFMSEjsgAuoYKEoJy09nVE3xqlD4OImlKaDxTf0+kJFRqHPqmMyR6qBa9qfif1010cO2mTMSJBkHni4KEYx3haQS4zyRQzceGECqZuRXTIZGEahNU3oTgLL68TFrlknNZKt9dFCs3WRw5dIxO0Bly0BWqoFtUR01EkUTP6BW9WU/Wi/VufcxbV6xs5gj9gfX5A2g8kSY=</latexit>

FC , FT 6= 0

Low-scale SUSY

<latexit sha1_base64="J1ZzRDfAQ9sGL4GteUVkHFIbhXQ=">AAACDHicbVDLSgMxFL1TX7W+qi7dBIvgqswUUTdKoRuXFfqCdiiZNNOGZjJDkhHK0A9w46+4caGIWz/AnX9jOp2Cth4IHM45l5t7vIgzpW3728qtrW9sbuW3Czu7e/sHxcOjlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa9cW3mtx+oVCwUDT2JqBvgoWA+I1gbqV8s9TgWQ05RrSdTcrMQGgvBNim7bKdAq8TJSAky1PvFr94gJHFAhSYcK9V17Ei7CZaaEU6nhV6saITJGA9p11CBA6rcJD1mis6MMkB+KM0TGqXq74kEB0pNAs8kA6xHatmbif953Vj7127CRBRrKsh8kR9zpEM0awYNmKRE84khmEhm/orICEtMtOmvYEpwlk9eJa1K2bksV+4vStXbrI48nMApnIMDV1CFO6hDEwg8wjO8wpv1ZL1Y79bHPJqzsplj+APr8wfVrJrV</latexit>

hCi = hT i = 0

[Aoki, HML, Menkara (2021)]



Visible soft masses
-16-

• Effective Higgsino mass:

“Non-minimal coupling” contributes 
via Giudice-Masiero mechanism.

• Frame function must be extended by contact terms.
<latexit sha1_base64="OBuAt6+K4H4mKuRaJgnNgNItw28="></latexit>

⌦ = �3� (T + T̄ ) + C̄C + �̄�+ z̄↵̄z↵

hidden visible

<latexit sha1_base64="94OwYWRAwKLU6zmTBywJNKkw2mQ=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuEPUkAS8eEzAPSJYwO+lNxszOLjOzQgj5Ai8eFPHqJ3nzb5wke9DEgoaiqpvuriARXBvX/XZya+sbm1v57cLO7t7+QfHwqKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0d3Mbz2h0jyWD2acoB/RgeQhZ9RYqX7RK5bcsjsHWSVeRkqQodYrfnX7MUsjlIYJqnXHcxPjT6gynAmcFrqpxoSyER1gx1JJI9T+ZH7olJxZpU/CWNmShszV3xMTGmk9jgLbGVEz1MveTPzP66QmvPEnXCapQckWi8JUEBOT2dekzxUyI8aWUKa4vZWwIVWUGZtNwYbgLb+8SpqVsndVrtQvS9XbLI48nMApnIMH11CFe6hBAxggPMMrvDmPzovz7nwsWnNONnMMf+B8/gB0H4yz</latexit>,
<latexit sha1_base64="bhM2G2yCx+eSJSIauCz+7qkf6fg=">AAACIXicbVDLSgMxFM3UV62vqks3wSK4KjNFtCspFMRlBfuAzjjcSdM2NJkZkoxQpv0VN/6KGxeKdCf+jOljoW0PJBzOuYfkniDmTGnb/rYyG5tb2zvZ3dze/sHhUf74pKGiRBJaJxGPZCsARTkLaV0zzWkrlhREwGkzGFSnfvOZSsWi8FEPY+oJ6IWsywhoI/n5sngq+WnqBiBd4HEfxm5AtbkVE7i6zhnd+a2RCeULdtGeAa8SZ0EKaIGan5+4nYgkgoaacFCq7dix9lKQmhFOxzk3UTQGMoAebRsagqDKS2cbjvGFUTq4G0lzQo1n6t9ECkKpoQjMpADdV8veVFzntRPdLXspC+NE05DMH+omHOsIT+vCHSYp0XxoCBDJzF8x6YMEok2pOVOCs7zyKmmUis51sfRwVajcLurIojN0ji6Rg25QBd2jGqojgl7QG/pAn9ar9W59WZP5aMZaZE7RP1g/v10bpNw=</latexit>

m2
↵̄� ⇠ C↵̄� |FX |2

<latexit sha1_base64="lvUnbA3wjOFpWdUNDkAS7DnNYEw=">AAACA3icbVDLSsNAFJ3UV62vqDvdBIvgqiRF1I1ScOOygn1AE8PNdNoOnZmEmYlQQsGNv+LGhSJu/Ql3/o3TNgttPXC5h3PuZeaeKGFUadf9tgpLyyura8X10sbm1vaOvbvXVHEqMWngmMWyHYEijArS0FQz0k4kAR4x0oqG1xO/9UCkorG406OEBBz6gvYoBm2k0D7g99Uwy/wIpA8sGcA4b5duaJfdijuFs0i8nJRRjnpof/ndGKecCI0ZKNXx3EQHGUhNMSPjkp8qkgAeQp90DBXAiQqy6Q1j59goXacXS1NCO1P190YGXKkRj8wkBz1Q895E/M/rpLp3EWRUJKkmAs8e6qXM0bEzCcTpUkmwZiNDAEtq/urgAUjA2sRWMiF48ycvkma14p1Vqren5dpVHkcRHaIjdII8dI5q6AbVUQNh9Iie0St6s56sF+vd+piNFqx8Zx/9gfX5AwTgl8A=</latexit>

m2
↵̄↵ = 0

NMSSM

<latexit sha1_base64="6x7DBelwsv+IbempJ29jKqRIX2M=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkiLpRCm66rGAf0IQwmUzaoTOTMDMRSujGX3HjQhG3foY7/8ZJm4W2HrhwOOde7r0nTBlV2nG+rZXVtfWNzcpWdXtnd2/fPjjsqiSTmHRwwhLZD5EijArS0VQz0k8lQTxkpBeO7wq/90ikool40JOU+BwNBY0pRtpIgX3cC3JPckjieHrj8Qy2gqKiwK45dWcGuEzcktRAiXZgf3lRgjNOhMYMKTVwnVT7OZKaYkamVS9TJEV4jIZkYKhAnCg/nz0whWdGiWCcSFNCw5n6eyJHXKkJD00nR3qkFr1C/M8bZDq+9nMq0kwTgeeL4oxBncAiDRhRSbBmE0MQltTcCvEISYS1yaxqQnAXX14m3Ubdvaw37i9qzdsyjgo4AafgHLjgCjRBC7RBB2AwBc/gFbxZT9aL9W59zFtXrHLmCPyB9fkDf6OVsA==</latexit>

We↵ = µHuHd

Naturalness measure 
for EWSB:

soft masses

[HML (2010); Aoki, HML, 
Menkara (2021)]



Higgs inflation in Weyl gravity



Unitarizing with gauge field
• Non-canonical Higgs kinetic terms = Weyl 

current-current interactions

• Introduce a Weyl gauge field in Jordan frame.

-17-

Integrate out Weyl gauge field with

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 in Weyl gravity
• Weyl geometry

• Gauge-fixed Lagrangian:

-18-
<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

<latexit sha1_base64="jPY+SJmXMMeVDZyhtTBEJZouOFQ="></latexit>

+3⇠�r�(Dµ�)
2 + 6⇠HrH |DµH|2

<latexit sha1_base64="3m2LAHXsgCc3b1S0ZQ8sZen5jaw=">AAACFHicbZDLSsNAFIYn9VbrLerSzWARKmJJiqgbpaALlxXsBZoQJtNJO3QmCTMTSwl9CDe+ihsXirh14c63cdJmodUDAx//fw5nzu/HjEplWV9GYWFxaXmluFpaW9/Y3DK3d1oySgQmTRyxSHR8JAmjIWkqqhjpxIIg7jPS9odXmd++J0LSKLxT45i4HPVDGlCMlJY88+jac3jixAPq0YuKEyOhKGKZBo/73giOMjyc+Z5ZtqrWtOBfsHMog7wanvnp9CKccBIqzJCUXduKlZtmOzAjk5KTSBIjPER90tUYIk6km06PmsADrfRgEAn9QgWn6s+JFHEpx9zXnRypgZz3MvE/r5uo4NxNaRgnioR4tihIGFQRzBKCPSoIVmysAWFB9V8hHiCBsNI5lnQI9vzJf6FVq9qn1drtSbl+mcdRBHtgH1SADc5AHdyABmgCDB7AE3gBr8aj8Wy8Ge+z1oKRz+yCX2V8fAMbG545</latexit>

Dµ�i = (@µ � gwwµ)�i

<latexit sha1_base64="ZtuPHxBodE5QyTEr3cXa7RQGb80=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGHaDqJUEbCwsIpgHZEOYncwmQ2YfztwVwrBg46/YWChi60/Y+TdOki008cCFwzn3cu89fiK4Asf5thYWl5ZXVgtrxfWNza1te2e3oeJUUlansYhlyyeKCR6xOnAQrJVIRkJfsKY/vBr7zQcmFY+jOxglrBOSfsQDTgkYqWvve4EkVGuPEoFvskx76l6CPulnWdcuOWVnAjxP3JyUUI5a1/7yejFNQxYBFUSptusk0NFEAqeCZUUvVSwhdEj6rG1oREKmOnryQ4aPjNLDQSxNRYAn6u8JTUKlRqFvOkMCAzXrjcX/vHYKwUVH8yhJgUV0uihIBYYYjwPBPS4ZBTEyhFDJza2YDogJBUxsRROCO/vyPGlUyu5ZuXJ7Wqpe5nEU0AE6RMfIReeoiq5RDdURRY/oGb2iN+vJerHerY9p64KVz+yhP7A+fwDDEpg8</latexit>

Lp
�g

<latexit sha1_base64="ZtuPHxBodE5QyTEr3cXa7RQGb80=">AAACA3icbVC7SgNBFJ31GeNr1U6bwSDYGHaDqJUEbCwsIpgHZEOYncwmQ2YfztwVwrBg46/YWChi60/Y+TdOki008cCFwzn3cu89fiK4Asf5thYWl5ZXVgtrxfWNza1te2e3oeJUUlansYhlyyeKCR6xOnAQrJVIRkJfsKY/vBr7zQcmFY+jOxglrBOSfsQDTgkYqWvve4EkVGuPEoFvskx76l6CPulnWdcuOWVnAjxP3JyUUI5a1/7yejFNQxYBFUSptusk0NFEAqeCZUUvVSwhdEj6rG1oREKmOnryQ4aPjNLDQSxNRYAn6u8JTUKlRqFvOkMCAzXrjcX/vHYKwUVH8yhJgUV0uihIBYYYjwPBPS4ZBTEyhFDJza2YDogJBUxsRROCO/vyPGlUyu5ZuXJ7Wqpe5nEU0AE6RMfIReeoiq5RDdURRY/oGb2iN+vJerHerY9p64KVz+yhP7A+fwDDEpg8</latexit>

Lp
�g

• Weyl invariant Lagrangian

Local scale transf:

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

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

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



Unitarity 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 gauge field Higgs non-minimal 
coupling

<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, Inflation would work only for small       and      .

High cutoff:

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

⇠H
<latexit sha1_base64="H+40ZN5fal8gmkl/kHA0l1ZH1t8=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqswUqa6k4KbLCvYh7VAymUwbmmSGJCOUoV/hxoUibv0cd/6NaTsLbT0QOJxzLrn3BAln2rjut1PY2Nza3inulvb2Dw6PyscnHR2nitA2iXmsegHWlDNJ24YZTnuJolgEnHaDyd3c7z5RpVksH8w0ob7AI8kiRrCx0uOA22iIh81hueJW3QXQOvFyUoEcrWH5axDGJBVUGsKx1n3PTYyfYWUY4XRWGqSaJphM8Ij2LZVYUO1ni4Vn6MIqIYpiZZ80aKH+nsiw0HoqApsU2Iz1qjcX//P6qYlu/IzJJDVUkuVHUcqRidH8ehQyRYnhU0swUczuisgYK0yM7ahkS/BWT14nnVrVq1dr91eVxm1eRxHO4BwuwYNraEATWtAGAgKe4RXeHOW8OO/OxzJacPKZU/gD5/MHisGQOw==</latexit>

�H

Inflation: <latexit sha1_base64="mZoUXFWItA/HKKx+cVRn1YIiftQ=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgQspMERUXUnDjsoJ9YDuUTJppQzPJkGSEMvQv3LhQxK1/486/MdPOQltPCBzOuZd77wlizrRx3W+nsLK6tr5R3Cxtbe/s7pX3D1paJorQJpFcqk6ANeVM0KZhhtNOrCiOAk7bwfg289tPVGkmxYOZxNSP8FCwkBFsrPR41sseGbHrfrniVt0Z0DLxclKBHI1++as3kCSJqDCEY627nhsbP8XKMMLptNRLNI0xGeMh7VoqcES1n842nqITqwxQKJX9wqCZ+rsjxZHWkyiwlRE2I73oZeJ/Xjcx4ZWfMhEnhgoyHxQmHBmJsvPRgClKDJ9YgolidldERlhhYmxIJRuCt3jyMmnVqt5FtXZ/Xqnf5HEU4QiO4RQ8uIQ63EEDmkBAwDO8wpujnRfn3fmYlxacvOcQ/sD5/AEfo4/n</latexit>, � : canonical inflaton



General Weyl gravity
• Extend with a pair of metrics and Weyl gauge fields: -20-

• Effective Weyl gravity: 

<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>,

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

Two linear combinations of Weyl fields:

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

Weyl symmetry:

orthogonal.

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

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



Higgs in general Weyl gravity
• Introduce an extra covariant kinetic term for Higgs: -21-

Gauge-fixed Lagrangian:

Palatini formulation, but differ by light Weyl photon X.

Decoupled Weyl photon w:

Weyl symmetry:



Metric to Palatini Higgs
• General Weyl-invariant Lagrangian:

• Higgs inflation in metric to 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

High cutoff scale

very small r

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

-22-

<latexit sha1_base64="Uwj0xT4UXVJXpZs41wsReIqN288=">AAACDXicbVDLSsNAFJ34rPUVdelmsAquSlJEXUnBTRcKFewDmhAmk0k7dCaJMxOxhPyAG3/FjQtF3Lp35984bbPQ1gMDh3PO5c49fsKoVJb1bSwsLi2vrJbWyusbm1vb5s5uW8apwKSFYxaLro8kYTQiLUUVI91EEMR9Rjr+8HLsd+6JkDSObtUoIS5H/YiGFCOlJc88dK50OECOpBw6oUA4u/aaeebIO6Ey54F6jTz3zIpVtSaA88QuSAUUaHrmlxPEOOUkUpghKXu2lSg3Q0JRzEhedlJJEoSHqE96mkaIE+lmk2tyeKSVAIax0C9ScKL+nsgQl3LEfZ3kSA3krDcW//N6qQrP3YxGSapIhKeLwpRBFcNxNTCggmDFRpogLKj+K8QDpCtRusCyLsGePXmetGtV+7Rauzmp1C+KOkpgHxyAY2CDM1AHDdAELYDBI3gGr+DNeDJejHfjYxpdMIqZPfAHxucPU+ScXg==</latexit>

⇤ ⇠ MPp
⇠H

<latexit sha1_base64="TGEInhE5FiPm/tHsoKXzoc0923Q=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgqiRF1JUU3HShUME+oAlhMpm0Q2eSMDMRS8jKjb/ixoUibv0Gd/6N0zYLbT0wcDjnXO7c4yeMSmVZ30ZpaXllda28XtnY3NreMXf3OjJOBSZtHLNY9HwkCaMRaSuqGOklgiDuM9L1R1cTv3tPhKRxdKfGCXE5GkQ0pBgpLXnmoXOtwwFyJOXQCQXC2Y3XyjPngXrN3DOrVs2aAi4SuyBVUKDlmV9OEOOUk0hhhqTs21ai3AwJRTEjecVJJUkQHqEB6WsaIU6km03PyOGxVgIYxkK/SMGp+nsiQ1zKMfd1kiM1lPPeRPzP66cqvHAzGiWpIhGeLQpTBlUMJ53AgAqCFRtrgrCg+q8QD5HuQunmKroEe/7kRdKp1+yzWv32tNq4LOoogwNwBE6ADc5BAzRBC7QBBo/gGbyCN+PJeDHejY9ZtGQUM/vgD4zPHzzBmPo=</latexit>

⇤ ⇠ MP

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

0 < r� = rH < 1



Light Weyl gauge field
• Light Weyl gauge field gets mass at low energy. -23-

• X decays into a Higgs pair; no linear Higgs coupling to X.

Gauge fixing term:

Would-be Goldstone is a combination of Higgs and singlet.

Higgs data at 10(1)%:



Light Weyl gauge field
• Gauge kinetic mixing between Weyl and hypercharge:-24-

Mixing between Z and X:

EM/neutral currents:

,  Weyl currents

Weyl field can be produced via EM/NC currents.

Mass eigenstates for Weyl and SM neutral gauge bosons:



Conclusions

• We proposed a UV complete Higgs inflation in linear 
sigma models in gravity and supergravity: inflaton is 
the mixed direction of Higgs and sigma fields, and 
extra scalars from supergravity are safely decoupled.

• Higgs inflation can be regarded as a non-linear sigma 
model in non-gravity theory or effective gravity theory 
with Weyl currents.

-25-

• For Higgs inflation with a large non-minimal coupling, we 
introduced a second light Weyl gauge field: Palatini-like 
inflation with large cutoff, novel phenomenology for 
Higgs couplings and non-standard gauge interactions.


