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Particle physics in cosmology
Cosmic Microwave Background

Mass generation

Large-scale structure
What are the origins of 

inflation, symmetry breaking, 
and dark matter? “Dark matter”

“Higgs boson”

“Slow-roll inflation”

mH ⌧ MP

mI ⌧ H

�X > 1016 sec

?
<latexit sha1_base64="sLglz5mbFxljpAKAvLIboHPUXtM=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsGvHhMwDWBZAmzk95kzOzsMjMrhCVf4MWDild/yZt/4+QhxFdBQ1HVTXdXmAqujet+OAuLS8srq4W14vrG5tZ2aWf3VieZYuizRCSqGVKNgkv0DTcCm6lCGocCG+Hgauw37lFpnsgbM0wxiGlP8ogzaqxUv+yUyl7FnYC4v8iXVYYZap3Se7ubsCxGaZigWrc8NzVBTpXhTOCo2M40ppQNaA9blkoaow7yyaEjcmiVLokSZUsaMlHnJ3Iaaz2MQ9sZU9PXP72x+JfXykx0FuRcpplByaaLokwQk5Dx16TLFTIjhpZQpri9lbA+VZQZm01xPoT/iX9cOa949ZNy9WKWRgH24QCOwINTqMI11MAHBggP8ATPzp3z6Lw4r9PWBWc2swff4Lx9Av6wjJQ=</latexit><latexit sha1_base64="sLglz5mbFxljpAKAvLIboHPUXtM=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsGvHhMwDWBZAmzk95kzOzsMjMrhCVf4MWDild/yZt/4+QhxFdBQ1HVTXdXmAqujet+OAuLS8srq4W14vrG5tZ2aWf3VieZYuizRCSqGVKNgkv0DTcCm6lCGocCG+Hgauw37lFpnsgbM0wxiGlP8ogzaqxUv+yUyl7FnYC4v8iXVYYZap3Se7ubsCxGaZigWrc8NzVBTpXhTOCo2M40ppQNaA9blkoaow7yyaEjcmiVLokSZUsaMlHnJ3Iaaz2MQ9sZU9PXP72x+JfXykx0FuRcpplByaaLokwQk5Dx16TLFTIjhpZQpri9lbA+VZQZm01xPoT/iX9cOa949ZNy9WKWRgH24QCOwINTqMI11MAHBggP8ATPzp3z6Lw4r9PWBWc2swff4Lx9Av6wjJQ=</latexit><latexit sha1_base64="sLglz5mbFxljpAKAvLIboHPUXtM=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsGvHhMwDWBZAmzk95kzOzsMjMrhCVf4MWDild/yZt/4+QhxFdBQ1HVTXdXmAqujet+OAuLS8srq4W14vrG5tZ2aWf3VieZYuizRCSqGVKNgkv0DTcCm6lCGocCG+Hgauw37lFpnsgbM0wxiGlP8ogzaqxUv+yUyl7FnYC4v8iXVYYZap3Se7ubsCxGaZigWrc8NzVBTpXhTOCo2M40ppQNaA9blkoaow7yyaEjcmiVLokSZUsaMlHnJ3Iaaz2MQ9sZU9PXP72x+JfXykx0FuRcpplByaaLokwQk5Dx16TLFTIjhpZQpri9lbA+VZQZm01xPoT/iX9cOa949ZNy9WKWRgH24QCOwINTqMI11MAHBggP8ATPzp3z6Lw4r9PWBWc2swff4Lx9Av6wjJQ=</latexit><latexit sha1_base64="sLglz5mbFxljpAKAvLIboHPUXtM=">AAAB53icdVDLSgNBEOz1GeMr6tHLYBA8hV0R1IsGvHhMwDWBZAmzk95kzOzsMjMrhCVf4MWDild/yZt/4+QhxFdBQ1HVTXdXmAqujet+OAuLS8srq4W14vrG5tZ2aWf3VieZYuizRCSqGVKNgkv0DTcCm6lCGocCG+Hgauw37lFpnsgbM0wxiGlP8ogzaqxUv+yUyl7FnYC4v8iXVYYZap3Se7ubsCxGaZigWrc8NzVBTpXhTOCo2M40ppQNaA9blkoaow7yyaEjcmiVLokSZUsaMlHnJ3Iaaz2MQ9sZU9PXP72x+JfXykx0FuRcpplByaaLokwQk5Dx16TLFTIjhpZQpri9lbA+VZQZm01xPoT/iX9cOa949ZNy9WKWRgH24QCOwINTqMI11MAHBggP8ATPzp3z6Lw4r9PWBWc2swff4Lx9Av6wjJQ=</latexit>



Higgs boson at LHC
• 125GeV Higgs boson is (close to) a fundamental scalar 

particle, consistent with Higgs couplings predicted in SM.

• Higgs precision is important at HL-LHC and future colliders.

• Is Higgs boson the last piece of the puzzles? 



& New Physics?

Discovered Higgs boson has a key to open the door 
to new symmetries and interactions beyond the SM.



Knocking on Higgs’s door
Hierarchy problem,  vacuum instability

Electroweak symmetry breaking

Flavor puzzles,  baryogenesis

 Dark matter

Inflation

More Higgs?
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WIMP, FIMP, SIMP, …
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<latexit sha1_base64="In32HGEQsFgt+one9ke9pBIrQOE=">AAAB+nicbVDLTsJAFJ3iC/FVcelmIjFx1bTEiO6IbliisUJCK5kOU5gwnTYzUwMp/RU3LtS49Uvc+TcOj4WCJ7nJyTn35t57goRRqWz72yisrW9sbhW3Szu7e/sH5mH5QcapwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvJn6rSciJI35vRonxI9Qn9OQYqS01DXL3ojCSWPyWIWZhxGDd3nXrNiWY1ed2gW0LXsG6CyTClig2TW/vF6M04hwhRmSsuPYifIzJBTFjOQlL5UkQXiI+qSjKUcRkX42uz2Hp1rpwTAWuriCM/X3RIYiKcdRoDsjpAZy2ZuK/3mdVIWXfkZ5kirC8XxRmDKoYjgNAvaoIFixsSYIC6pvhXiABMJKx1XSIay8vErcqnVlObfnlfr1Io0iOAYn4Aw4oAbqoAGawAUYjMAzeAVvRm68GO/Gx7y1YCxmjsAfGJ8/U4KTiA==</latexit><latexit sha1_base64="In32HGEQsFgt+one9ke9pBIrQOE=">AAAB+nicbVDLTsJAFJ3iC/FVcelmIjFx1bTEiO6IbliisUJCK5kOU5gwnTYzUwMp/RU3LtS49Uvc+TcOj4WCJ7nJyTn35t57goRRqWz72yisrW9sbhW3Szu7e/sH5mH5QcapwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvJn6rSciJI35vRonxI9Qn9OQYqS01DXL3ojCSWPyWIWZhxGDd3nXrNiWY1ed2gW0LXsG6CyTClig2TW/vF6M04hwhRmSsuPYifIzJBTFjOQlL5UkQXiI+qSjKUcRkX42uz2Hp1rpwTAWuriCM/X3RIYiKcdRoDsjpAZy2ZuK/3mdVIWXfkZ5kirC8XxRmDKoYjgNAvaoIFixsSYIC6pvhXiABMJKx1XSIay8vErcqnVlObfnlfr1Io0iOAYn4Aw4oAbqoAGawAUYjMAzeAVvRm68GO/Gx7y1YCxmjsAfGJ8/U4KTiA==</latexit><latexit sha1_base64="In32HGEQsFgt+one9ke9pBIrQOE=">AAAB+nicbVDLTsJAFJ3iC/FVcelmIjFx1bTEiO6IbliisUJCK5kOU5gwnTYzUwMp/RU3LtS49Uvc+TcOj4WCJ7nJyTn35t57goRRqWz72yisrW9sbhW3Szu7e/sH5mH5QcapwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvJn6rSciJI35vRonxI9Qn9OQYqS01DXL3ojCSWPyWIWZhxGDd3nXrNiWY1ed2gW0LXsG6CyTClig2TW/vF6M04hwhRmSsuPYifIzJBTFjOQlL5UkQXiI+qSjKUcRkX42uz2Hp1rpwTAWuriCM/X3RIYiKcdRoDsjpAZy2ZuK/3mdVIWXfkZ5kirC8XxRmDKoYjgNAvaoIFixsSYIC6pvhXiABMJKx1XSIay8vErcqnVlObfnlfr1Io0iOAYn4Aw4oAbqoAGawAUYjMAzeAVvRm68GO/Gx7y1YCxmjsAfGJ8/U4KTiA==</latexit><latexit sha1_base64="In32HGEQsFgt+one9ke9pBIrQOE=">AAAB+nicbVDLTsJAFJ3iC/FVcelmIjFx1bTEiO6IbliisUJCK5kOU5gwnTYzUwMp/RU3LtS49Uvc+TcOj4WCJ7nJyTn35t57goRRqWz72yisrW9sbhW3Szu7e/sH5mH5QcapwMTFMYtFO0CSMMqJq6hipJ0IgqKAkVYwvJn6rSciJI35vRonxI9Qn9OQYqS01DXL3ojCSWPyWIWZhxGDd3nXrNiWY1ed2gW0LXsG6CyTClig2TW/vF6M04hwhRmSsuPYifIzJBTFjOQlL5UkQXiI+qSjKUcRkX42uz2Hp1rpwTAWuriCM/X3RIYiKcdRoDsjpAZy2ZuK/3mdVIWXfkZ5kirC8XxRmDKoYjgNAvaoIFixsSYIC6pvhXiABMJKx1XSIay8vErcqnVlObfnlfr1Io0iOAYn4Aw4oAbqoAGawAUYjMAzeAVvRm68GO/Gx7y1YCxmjsAfGJ8/U4KTiA==</latexit>

�H > 0
<latexit sha1_base64="zwYcWBF83Phh/AC1xThBcVcDwr8=">AAAB8XicdVDNSgMxGMz6W+tf1aOXYBE8lWxprb2UgpceK7i2sF1KNpttQ7PJkmSFUvoYXjyoePVtvPk2ZtsKKjoQGGbmI983YcqZNgh9OGvrG5tb24Wd4u7e/sFh6ej4TstMEeoRyaXqh1hTzgT1DDOc9lNFcRJy2gsn17nfu6dKMyluzTSlQYJHgsWMYGMlf8BtNMLDTgsNS2VUQcitN+swJ9Va4zInVkB16FolRxms0B2W3geRJFlChSEca+27KDXBDCvDCKfz4iDTNMVkgkfUt1TghOpgtlh5Ds+tEsFYKvuEgQv1+8QMJ1pPk9AmE2zG+reXi395fmbiq2DGRJoZKsjyozjj0EiY3w8jpigxfGoJJorZXSEZY4WJsS0VbQlfl8L/iVetNCvuTa3cbq3aKIBTcAYugAsaoA06oAs8QIAED+AJPDvGeXRenNdldM1ZzZyAH3DePgFAFZDF</latexit><latexit sha1_base64="zwYcWBF83Phh/AC1xThBcVcDwr8=">AAAB8XicdVDNSgMxGMz6W+tf1aOXYBE8lWxprb2UgpceK7i2sF1KNpttQ7PJkmSFUvoYXjyoePVtvPk2ZtsKKjoQGGbmI983YcqZNgh9OGvrG5tb24Wd4u7e/sFh6ej4TstMEeoRyaXqh1hTzgT1DDOc9lNFcRJy2gsn17nfu6dKMyluzTSlQYJHgsWMYGMlf8BtNMLDTgsNS2VUQcitN+swJ9Va4zInVkB16FolRxms0B2W3geRJFlChSEca+27KDXBDCvDCKfz4iDTNMVkgkfUt1TghOpgtlh5Ds+tEsFYKvuEgQv1+8QMJ1pPk9AmE2zG+reXi395fmbiq2DGRJoZKsjyozjj0EiY3w8jpigxfGoJJorZXSEZY4WJsS0VbQlfl8L/iVetNCvuTa3cbq3aKIBTcAYugAsaoA06oAs8QIAED+AJPDvGeXRenNdldM1ZzZyAH3DePgFAFZDF</latexit><latexit sha1_base64="zwYcWBF83Phh/AC1xThBcVcDwr8=">AAAB8XicdVDNSgMxGMz6W+tf1aOXYBE8lWxprb2UgpceK7i2sF1KNpttQ7PJkmSFUvoYXjyoePVtvPk2ZtsKKjoQGGbmI983YcqZNgh9OGvrG5tb24Wd4u7e/sFh6ej4TstMEeoRyaXqh1hTzgT1DDOc9lNFcRJy2gsn17nfu6dKMyluzTSlQYJHgsWMYGMlf8BtNMLDTgsNS2VUQcitN+swJ9Va4zInVkB16FolRxms0B2W3geRJFlChSEca+27KDXBDCvDCKfz4iDTNMVkgkfUt1TghOpgtlh5Ds+tEsFYKvuEgQv1+8QMJ1pPk9AmE2zG+reXi395fmbiq2DGRJoZKsjyozjj0EiY3w8jpigxfGoJJorZXSEZY4WJsS0VbQlfl8L/iVetNCvuTa3cbq3aKIBTcAYugAsaoA06oAs8QIAED+AJPDvGeXRenNdldM1ZzZyAH3DePgFAFZDF</latexit><latexit sha1_base64="zwYcWBF83Phh/AC1xThBcVcDwr8=">AAAB8XicdVDNSgMxGMz6W+tf1aOXYBE8lWxprb2UgpceK7i2sF1KNpttQ7PJkmSFUvoYXjyoePVtvPk2ZtsKKjoQGGbmI983YcqZNgh9OGvrG5tb24Wd4u7e/sFh6ej4TstMEeoRyaXqh1hTzgT1DDOc9lNFcRJy2gsn17nfu6dKMyluzTSlQYJHgsWMYGMlf8BtNMLDTgsNS2VUQcitN+swJ9Va4zInVkB16FolRxms0B2W3geRJFlChSEca+27KDXBDCvDCKfz4iDTNMVkgkfUt1TghOpgtlh5Ds+tEsFYKvuEgQv1+8QMJ1pPk9AmE2zG+reXi395fmbiq2DGRJoZKsjyozjj0EiY3w8jpigxfGoJJorZXSEZY4WJsS0VbQlfl8L/iVetNCvuTa3cbq3aKIBTcAYugAsaoA06oAs8QIAED+AJPDvGeXRenNdldM1ZzZyAH3DePgFAFZDF</latexit>
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heavy ⇠ (100GeV)2,
<latexit sha1_base64="Q70st2ttTPk/KQr9chc9xENbZRM="></latexit><latexit sha1_base64="Q70st2ttTPk/KQr9chc9xENbZRM="></latexit><latexit sha1_base64="Q70st2ttTPk/KQr9chc9xENbZRM="></latexit><latexit sha1_base64="Q70st2ttTPk/KQr9chc9xENbZRM="></latexit>



Cosmic inflation
• Exponential expansion with a scalar field “inflaton” explains 

the initial conditions for Big Bang Cosmology.

ds2 = �dt2 + e2Htd~x2

• Slow-roll inflation is confirmed by CMB anisotropies.
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Causally connected 
at recombination

How uniform CMB 1 in 104 ? 

ns = 1� 6✏+ 2⌘,
<latexit sha1_base64="EAcQkGM1CPEwrwymiYPkqRXK+Nc=">AAAB/nicdVBdSwJBFJ21L7OvraCXXoYkCCrZ3ST1oRB66dEgU1CR2fGqg7Ozy8xsIOZDf6WXHip67Xf01r9pVg0q6sCFwzn3cu89fsSZ0o7zYaXm5hcWl9LLmZXVtfUNe3PrRoWxpFClIQ9l3ScKOBNQ1UxzqEcSSOBzqPmDi8Sv3YJULBTXehhBKyA9wbqMEm2ktr0j2urMPT5tQqQYD8Wh1wRNjtp21sk5jueUCjghJyU3nxAv77lF7BolQRbNUGnb781OSOMAhKacKNVwnUi3RkRqRjmMM81YQUTogPSgYaggAajWaHL/GO8bpYO7oTQlNJ6o3ydGJFBqGPimMyC6r357ifiX14h1t9gaMRHFGgSdLurGHOsQJ2HgDpNANR8aQqhk5lZM+0QSqk1kGRPC16f4f1L1cqWce5XPls9naaTRLtpDB8hFBVRGl6iCqoiiO/SAntCzdW89Wi/W67Q1Zc1mttEPWG+fGR+VEQ==</latexit><latexit sha1_base64="EAcQkGM1CPEwrwymiYPkqRXK+Nc=">AAAB/nicdVBdSwJBFJ21L7OvraCXXoYkCCrZ3ST1oRB66dEgU1CR2fGqg7Ozy8xsIOZDf6WXHip67Xf01r9pVg0q6sCFwzn3cu89fsSZ0o7zYaXm5hcWl9LLmZXVtfUNe3PrRoWxpFClIQ9l3ScKOBNQ1UxzqEcSSOBzqPmDi8Sv3YJULBTXehhBKyA9wbqMEm2ktr0j2urMPT5tQqQYD8Wh1wRNjtp21sk5jueUCjghJyU3nxAv77lF7BolQRbNUGnb781OSOMAhKacKNVwnUi3RkRqRjmMM81YQUTogPSgYaggAajWaHL/GO8bpYO7oTQlNJ6o3ydGJFBqGPimMyC6r357ifiX14h1t9gaMRHFGgSdLurGHOsQJ2HgDpNANR8aQqhk5lZM+0QSqk1kGRPC16f4f1L1cqWce5XPls9naaTRLtpDB8hFBVRGl6iCqoiiO/SAntCzdW89Wi/W67Q1Zc1mttEPWG+fGR+VEQ==</latexit><latexit sha1_base64="EAcQkGM1CPEwrwymiYPkqRXK+Nc=">AAAB/nicdVBdSwJBFJ21L7OvraCXXoYkCCrZ3ST1oRB66dEgU1CR2fGqg7Ozy8xsIOZDf6WXHip67Xf01r9pVg0q6sCFwzn3cu89fsSZ0o7zYaXm5hcWl9LLmZXVtfUNe3PrRoWxpFClIQ9l3ScKOBNQ1UxzqEcSSOBzqPmDi8Sv3YJULBTXehhBKyA9wbqMEm2ktr0j2urMPT5tQqQYD8Wh1wRNjtp21sk5jueUCjghJyU3nxAv77lF7BolQRbNUGnb781OSOMAhKacKNVwnUi3RkRqRjmMM81YQUTogPSgYaggAajWaHL/GO8bpYO7oTQlNJ6o3ydGJFBqGPimMyC6r357ifiX14h1t9gaMRHFGgSdLurGHOsQJ2HgDpNANR8aQqhk5lZM+0QSqk1kGRPC16f4f1L1cqWce5XPls9naaTRLtpDB8hFBVRGl6iCqoiiO/SAntCzdW89Wi/W67Q1Zc1mttEPWG+fGR+VEQ==</latexit><latexit sha1_base64="EAcQkGM1CPEwrwymiYPkqRXK+Nc=">AAAB/nicdVBdSwJBFJ21L7OvraCXXoYkCCrZ3ST1oRB66dEgU1CR2fGqg7Ozy8xsIOZDf6WXHip67Xf01r9pVg0q6sCFwzn3cu89fsSZ0o7zYaXm5hcWl9LLmZXVtfUNe3PrRoWxpFClIQ9l3ScKOBNQ1UxzqEcSSOBzqPmDi8Sv3YJULBTXehhBKyA9wbqMEm2ktr0j2urMPT5tQqQYD8Wh1wRNjtp21sk5jueUCjghJyU3nxAv77lF7BolQRbNUGnb781OSOMAhKacKNVwnUi3RkRqRjmMM81YQUTogPSgYaggAajWaHL/GO8bpYO7oTQlNJ6o3ydGJFBqGPimMyC6r357ifiX14h1t9gaMRHFGgSdLurGHOsQJ2HgDpNANR8aQqhk5lZM+0QSqk1kGRPC16f4f1L1cqWce5XPls9naaTRLtpDB8hFBVRGl6iCqoiiO/SAntCzdW89Wi/W67Q1Zc1mttEPWG+fGR+VEQ==</latexit>

r = 16✏,
<latexit sha1_base64="Gnul9rspTzYeh5zj/AuUozs4j0Q=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4kJLUYtuDUvDisYKxhTaUzXbSLt1s4u6mUEJ/hxcPKl79M978N27aCir6YODx3gwz8/yYM6Vt+8NaWl5ZXVvPbeQ3t7Z3dgt7+3cqSiQFl0Y8km2fKOBMgKuZ5tCOJZDQ59DyR1eZ3xqDVCwSt3oSgxeSgWABo0QbyZMXznkXYsV4JE57haJdsu2yXa/ijJzVnUpGypWyU8OOUTIU0QLNXuG9249oEoLQlBOlOo4day8lUjPKYZrvJgpiQkdkAB1DBQlBeens6Ck+NkofB5E0JTSeqd8nUhIqNQl90xkSPVS/vUz8y+skOqh5KRNxokHQ+aIg4VhHOEsA95kEqvnEEEIlM7diOiSSUG1yypsQvj7F/xO3XKqXnJtKsXG5SCOHDtEROkEOqqIGukZN5CKK7tEDekLP1th6tF6s13nrkrWYOUA/YL19ArDBkZg=</latexit><latexit sha1_base64="Gnul9rspTzYeh5zj/AuUozs4j0Q=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4kJLUYtuDUvDisYKxhTaUzXbSLt1s4u6mUEJ/hxcPKl79M978N27aCir6YODx3gwz8/yYM6Vt+8NaWl5ZXVvPbeQ3t7Z3dgt7+3cqSiQFl0Y8km2fKOBMgKuZ5tCOJZDQ59DyR1eZ3xqDVCwSt3oSgxeSgWABo0QbyZMXznkXYsV4JE57haJdsu2yXa/ijJzVnUpGypWyU8OOUTIU0QLNXuG9249oEoLQlBOlOo4day8lUjPKYZrvJgpiQkdkAB1DBQlBeens6Ck+NkofB5E0JTSeqd8nUhIqNQl90xkSPVS/vUz8y+skOqh5KRNxokHQ+aIg4VhHOEsA95kEqvnEEEIlM7diOiSSUG1yypsQvj7F/xO3XKqXnJtKsXG5SCOHDtEROkEOqqIGukZN5CKK7tEDekLP1th6tF6s13nrkrWYOUA/YL19ArDBkZg=</latexit><latexit sha1_base64="Gnul9rspTzYeh5zj/AuUozs4j0Q=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4kJLUYtuDUvDisYKxhTaUzXbSLt1s4u6mUEJ/hxcPKl79M978N27aCir6YODx3gwz8/yYM6Vt+8NaWl5ZXVvPbeQ3t7Z3dgt7+3cqSiQFl0Y8km2fKOBMgKuZ5tCOJZDQ59DyR1eZ3xqDVCwSt3oSgxeSgWABo0QbyZMXznkXYsV4JE57haJdsu2yXa/ijJzVnUpGypWyU8OOUTIU0QLNXuG9249oEoLQlBOlOo4day8lUjPKYZrvJgpiQkdkAB1DBQlBeens6Ck+NkofB5E0JTSeqd8nUhIqNQl90xkSPVS/vUz8y+skOqh5KRNxokHQ+aIg4VhHOEsA95kEqvnEEEIlM7diOiSSUG1yypsQvj7F/xO3XKqXnJtKsXG5SCOHDtEROkEOqqIGukZN5CKK7tEDekLP1th6tF6s13nrkrWYOUA/YL19ArDBkZg=</latexit><latexit sha1_base64="Gnul9rspTzYeh5zj/AuUozs4j0Q=">AAAB83icdVBNS8NAEN34WetX1aOXxSJ4kJLUYtuDUvDisYKxhTaUzXbSLt1s4u6mUEJ/hxcPKl79M978N27aCir6YODx3gwz8/yYM6Vt+8NaWl5ZXVvPbeQ3t7Z3dgt7+3cqSiQFl0Y8km2fKOBMgKuZ5tCOJZDQ59DyR1eZ3xqDVCwSt3oSgxeSgWABo0QbyZMXznkXYsV4JE57haJdsu2yXa/ijJzVnUpGypWyU8OOUTIU0QLNXuG9249oEoLQlBOlOo4day8lUjPKYZrvJgpiQkdkAB1DBQlBeens6Ck+NkofB5E0JTSeqd8nUhIqNQl90xkSPVS/vUz8y+skOqh5KRNxokHQ+aIg4VhHOEsA95kEqvnEEEIlM7diOiSSUG1yypsQvj7F/xO3XKqXnJtKsXG5SCOHDtEROkEOqqIGukZN5CKK7tEDekLP1th6tF6s13nrkrWYOUA/YL19ArDBkZg=</latexit>

Number of efoldings:

N =

Z tf

ti

Hdt = 60
<latexit sha1_base64="mjXa/l6L+Tk5xAeYKU6FoIXkxYM=">AAACAnicdZDNSgMxFIUz/tb6N+pON8EiuCozYlu7qBTcdCUVrArtOGTSjAYzmSG5I5Sh4MZXceNCxa1P4c63MdNWUNELCYfv3EtyT5AIrsFxPqyp6ZnZufnCQnFxaXll1V5bP9Nxqijr0FjE6iIgmgkuWQc4CHaRKEaiQLDz4OYo989vmdI8lqcwSJgXkSvJQ04JGOTbm8eNHpdwmYEfDn1z8yFu4T40qo5vl5yy47iVegXnYm+/Vs2FAU4Fu4bkVUKTavv2e68f0zRiEqggWnddJwEvIwo4FWxY7KWaJYTekCvWNVKSiGkvG+0wxDuG9HEYK3Mk4BH9PpGRSOtBFJjOiMC1/u3l8C+vm0J44GVcJikwSccPhanAEOM8ENznilEQAyMIVdz8FdNroggFE1vRhPC1Kf5fdPbK9bJ7sl9qHk7SKKAttI12kYtqqIlaqI06iKI79ICe0LN1bz1aL9bruHXKmsxsoB9lvX0CpGGXEQ==</latexit><latexit sha1_base64="mjXa/l6L+Tk5xAeYKU6FoIXkxYM=">AAACAnicdZDNSgMxFIUz/tb6N+pON8EiuCozYlu7qBTcdCUVrArtOGTSjAYzmSG5I5Sh4MZXceNCxa1P4c63MdNWUNELCYfv3EtyT5AIrsFxPqyp6ZnZufnCQnFxaXll1V5bP9Nxqijr0FjE6iIgmgkuWQc4CHaRKEaiQLDz4OYo989vmdI8lqcwSJgXkSvJQ04JGOTbm8eNHpdwmYEfDn1z8yFu4T40qo5vl5yy47iVegXnYm+/Vs2FAU4Fu4bkVUKTavv2e68f0zRiEqggWnddJwEvIwo4FWxY7KWaJYTekCvWNVKSiGkvG+0wxDuG9HEYK3Mk4BH9PpGRSOtBFJjOiMC1/u3l8C+vm0J44GVcJikwSccPhanAEOM8ENznilEQAyMIVdz8FdNroggFE1vRhPC1Kf5fdPbK9bJ7sl9qHk7SKKAttI12kYtqqIlaqI06iKI79ICe0LN1bz1aL9bruHXKmsxsoB9lvX0CpGGXEQ==</latexit><latexit sha1_base64="mjXa/l6L+Tk5xAeYKU6FoIXkxYM=">AAACAnicdZDNSgMxFIUz/tb6N+pON8EiuCozYlu7qBTcdCUVrArtOGTSjAYzmSG5I5Sh4MZXceNCxa1P4c63MdNWUNELCYfv3EtyT5AIrsFxPqyp6ZnZufnCQnFxaXll1V5bP9Nxqijr0FjE6iIgmgkuWQc4CHaRKEaiQLDz4OYo989vmdI8lqcwSJgXkSvJQ04JGOTbm8eNHpdwmYEfDn1z8yFu4T40qo5vl5yy47iVegXnYm+/Vs2FAU4Fu4bkVUKTavv2e68f0zRiEqggWnddJwEvIwo4FWxY7KWaJYTekCvWNVKSiGkvG+0wxDuG9HEYK3Mk4BH9PpGRSOtBFJjOiMC1/u3l8C+vm0J44GVcJikwSccPhanAEOM8ENznilEQAyMIVdz8FdNroggFE1vRhPC1Kf5fdPbK9bJ7sl9qHk7SKKAttI12kYtqqIlaqI06iKI79ICe0LN1bz1aL9bruHXKmsxsoB9lvX0CpGGXEQ==</latexit><latexit sha1_base64="mjXa/l6L+Tk5xAeYKU6FoIXkxYM=">AAACAnicdZDNSgMxFIUz/tb6N+pON8EiuCozYlu7qBTcdCUVrArtOGTSjAYzmSG5I5Sh4MZXceNCxa1P4c63MdNWUNELCYfv3EtyT5AIrsFxPqyp6ZnZufnCQnFxaXll1V5bP9Nxqijr0FjE6iIgmgkuWQc4CHaRKEaiQLDz4OYo989vmdI8lqcwSJgXkSvJQ04JGOTbm8eNHpdwmYEfDn1z8yFu4T40qo5vl5yy47iVegXnYm+/Vs2FAU4Fu4bkVUKTavv2e68f0zRiEqggWnddJwEvIwo4FWxY7KWaJYTekCvWNVKSiGkvG+0wxDuG9HEYK3Mk4BH9PpGRSOtBFJjOiMC1/u3l8C+vm0J44GVcJikwSccPhanAEOM8ENznilEQAyMIVdz8FdNroggFE1vRhPC1Kf5fdPbK9bJ7sl9qHk7SKKAttI12kYtqqIlaqI06iKI79ICe0LN1bz1aL9bruHXKmsxsoB9lvX0CpGGXEQ==</latexit>
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Inflation as EFT

• Inflation is Effective field theory valid at 
energies much below UV cutoff.
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• What controls UV physics (or unitarity) for entire 
range of inflaton fields?

⇤
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Questions

• In this talk,  we consider the possibility of Higgs 
inflation and its consistency & UV completion.

• What is inflaton? 

• How does it interact with the rest?

• How is inflaton potential flat enough?

axion, dilaton, moduli, wilson-line, Higgs boson, ….

Reheating

shift, scale, supersymmetry, gauge, ….

effects on CMB?  distinguishable? 
testable at colliders? dark matter? baryogengesis?



• Minimally coupled Higgs boson:

Higgs = inflaton?
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<latexit sha1_base64="wZT9iz6DKGujegPLGADN072Qxz0="></latexit><latexit sha1_base64="wZT9iz6DKGujegPLGADN072Qxz0="></latexit><latexit sha1_base64="wZT9iz6DKGujegPLGADN072Qxz0="></latexit><latexit sha1_base64="wZT9iz6DKGujegPLGADN072Qxz0="></latexit>

�H |H|4
<latexit sha1_base64="yMXFRkFlEDlk+5Bp6xWaSHtmuuc=">AAAB+HicbVDLSsNAFL2pr1pfUZduBovgqiRSad1IwU2XFYwttDFMJpN26OTBzKRQ0v6JGxcqbv0Ud/6N08dCWw8MHM45l3vn+ClnUlnWt1HY2Nza3inulvb2Dw6PzOOTR5lkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94d3Mb4+okCyJH9Q4pW6E+zELGcFKS55p9rgOB9hroklz8lRFnlm2Klbtul6tI03mQPYqKcMSLc/86gUJySIaK8KxlF3bSpWbY6EY4XRa6mWSppgMcZ92NY1xRKWbzy+fogutBChMhH6xQnP190SOIynHka+TEVYDuerNxP+8bqbCupuzOM0UjcliUZhxpBI0qwEFTFCi+FgTTATTtyIywAITpcsq6RLWvrxOnKvKTcW+r5Ybt8s2inAG53AJNtSgAU1ogQMERvAMr/Bm5MaL8W58LKIFYzlzCn9gfP4A3veSsg==</latexit><latexit sha1_base64="yMXFRkFlEDlk+5Bp6xWaSHtmuuc=">AAAB+HicbVDLSsNAFL2pr1pfUZduBovgqiRSad1IwU2XFYwttDFMJpN26OTBzKRQ0v6JGxcqbv0Ud/6N08dCWw8MHM45l3vn+ClnUlnWt1HY2Nza3inulvb2Dw6PzOOTR5lkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94d3Mb4+okCyJH9Q4pW6E+zELGcFKS55p9rgOB9hroklz8lRFnlm2Klbtul6tI03mQPYqKcMSLc/86gUJySIaK8KxlF3bSpWbY6EY4XRa6mWSppgMcZ92NY1xRKWbzy+fogutBChMhH6xQnP190SOIynHka+TEVYDuerNxP+8bqbCupuzOM0UjcliUZhxpBI0qwEFTFCi+FgTTATTtyIywAITpcsq6RLWvrxOnKvKTcW+r5Ybt8s2inAG53AJNtSgAU1ogQMERvAMr/Bm5MaL8W58LKIFYzlzCn9gfP4A3veSsg==</latexit><latexit sha1_base64="yMXFRkFlEDlk+5Bp6xWaSHtmuuc=">AAAB+HicbVDLSsNAFL2pr1pfUZduBovgqiRSad1IwU2XFYwttDFMJpN26OTBzKRQ0v6JGxcqbv0Ud/6N08dCWw8MHM45l3vn+ClnUlnWt1HY2Nza3inulvb2Dw6PzOOTR5lkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94d3Mb4+okCyJH9Q4pW6E+zELGcFKS55p9rgOB9hroklz8lRFnlm2Klbtul6tI03mQPYqKcMSLc/86gUJySIaK8KxlF3bSpWbY6EY4XRa6mWSppgMcZ92NY1xRKWbzy+fogutBChMhH6xQnP190SOIynHka+TEVYDuerNxP+8bqbCupuzOM0UjcliUZhxpBI0qwEFTFCi+FgTTATTtyIywAITpcsq6RLWvrxOnKvKTcW+r5Ybt8s2inAG53AJNtSgAU1ogQMERvAMr/Bm5MaL8W58LKIFYzlzCn9gfP4A3veSsg==</latexit><latexit sha1_base64="yMXFRkFlEDlk+5Bp6xWaSHtmuuc=">AAAB+HicbVDLSsNAFL2pr1pfUZduBovgqiRSad1IwU2XFYwttDFMJpN26OTBzKRQ0v6JGxcqbv0Ud/6N08dCWw8MHM45l3vn+ClnUlnWt1HY2Nza3inulvb2Dw6PzOOTR5lkglCHJDwRHR9LyllMHcUUp51UUBz5nLb94d3Mb4+okCyJH9Q4pW6E+zELGcFKS55p9rgOB9hroklz8lRFnlm2Klbtul6tI03mQPYqKcMSLc/86gUJySIaK8KxlF3bSpWbY6EY4XRa6mWSppgMcZ92NY1xRKWbzy+fogutBChMhH6xQnP190SOIynHka+TEVYDuerNxP+8bqbCupuzOM0UjcliUZhxpBI0qwEFTFCi+FgTTATTtyIywAITpcsq6RLWvrxOnKvKTcW+r5Ybt8s2inAG53AJNtSgAU1ogQMERvAMr/Bm5MaL8W58LKIFYzlzCn9gfP4A3veSsg==</latexit>
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inflation:m
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H
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<latexit sha1_base64="FSs3Uiv0K3iPBycZOwzEfvxVS64=">AAAB8XicbVDLTgIxFO3gC/GFunTTSExckRmCATeGxA1LTBwhGUbSKR1o6GPSdkzIwGe4caHGrX/jzr+xPBYKnqTpyTn35t57ooRRbVz328ltbG5t7+R3C3v7B4dHxeOTBy1ThYmPJZOqEyFNGBXEN9Qw0kkUQTxipB2Nbmd++4koTaW4N+OEhBwNBI0pRsZKAX+s9Jpw0pzYv1hyy27tql6tQ0vmgN4qKYElWr3iV7cvccqJMJghrQPPTUyYIWUoZmRa6KaaJAiP0IAElgrEiQ6z+cpTeGGVPoylsk8YOFd/d2SIaz3mka3kyAz1qjcT//OC1MT1MKMiSQ0ReDEoThk0Es7uh32qCDZsbAnCitpdIR4ihbCxKRVsCGsnrxO/Ur4ue3fVUuNmmUYenIFzcAk8UAMN0AQt4AMMJHgGr+DNMc6L8+58LEpzzrLnFPyB8/kDuySQbQ==</latexit><latexit sha1_base64="FSs3Uiv0K3iPBycZOwzEfvxVS64=">AAAB8XicbVDLTgIxFO3gC/GFunTTSExckRmCATeGxA1LTBwhGUbSKR1o6GPSdkzIwGe4caHGrX/jzr+xPBYKnqTpyTn35t57ooRRbVz328ltbG5t7+R3C3v7B4dHxeOTBy1ThYmPJZOqEyFNGBXEN9Qw0kkUQTxipB2Nbmd++4koTaW4N+OEhBwNBI0pRsZKAX+s9Jpw0pzYv1hyy27tql6tQ0vmgN4qKYElWr3iV7cvccqJMJghrQPPTUyYIWUoZmRa6KaaJAiP0IAElgrEiQ6z+cpTeGGVPoylsk8YOFd/d2SIaz3mka3kyAz1qjcT//OC1MT1MKMiSQ0ReDEoThk0Es7uh32qCDZsbAnCitpdIR4ihbCxKRVsCGsnrxO/Ur4ue3fVUuNmmUYenIFzcAk8UAMN0AQt4AMMJHgGr+DNMc6L8+58LEpzzrLnFPyB8/kDuySQbQ==</latexit><latexit sha1_base64="FSs3Uiv0K3iPBycZOwzEfvxVS64=">AAAB8XicbVDLTgIxFO3gC/GFunTTSExckRmCATeGxA1LTBwhGUbSKR1o6GPSdkzIwGe4caHGrX/jzr+xPBYKnqTpyTn35t57ooRRbVz328ltbG5t7+R3C3v7B4dHxeOTBy1ThYmPJZOqEyFNGBXEN9Qw0kkUQTxipB2Nbmd++4koTaW4N+OEhBwNBI0pRsZKAX+s9Jpw0pzYv1hyy27tql6tQ0vmgN4qKYElWr3iV7cvccqJMJghrQPPTUyYIWUoZmRa6KaaJAiP0IAElgrEiQ6z+cpTeGGVPoylsk8YOFd/d2SIaz3mka3kyAz1qjcT//OC1MT1MKMiSQ0ReDEoThk0Es7uh32qCDZsbAnCitpdIR4ihbCxKRVsCGsnrxO/Ur4ue3fVUuNmmUYenIFzcAk8UAMN0AQt4AMMJHgGr+DNMc6L8+58LEpzzrLnFPyB8/kDuySQbQ==</latexit><latexit sha1_base64="FSs3Uiv0K3iPBycZOwzEfvxVS64=">AAAB8XicbVDLTgIxFO3gC/GFunTTSExckRmCATeGxA1LTBwhGUbSKR1o6GPSdkzIwGe4caHGrX/jzr+xPBYKnqTpyTn35t57ooRRbVz328ltbG5t7+R3C3v7B4dHxeOTBy1ThYmPJZOqEyFNGBXEN9Qw0kkUQTxipB2Nbmd++4koTaW4N+OEhBwNBI0pRsZKAX+s9Jpw0pzYv1hyy27tql6tQ0vmgN4qKYElWr3iV7cvccqJMJghrQPPTUyYIWUoZmRa6KaaJAiP0IAElgrEiQ6z+cpTeGGVPoylsk8YOFd/d2SIaz3mka3kyAz1qjcT//OC1MT1MKMiSQ0ReDEoThk0Es7uh32qCDZsbAnCitpdIR4ihbCxKRVsCGsnrxO/Ur4ue3fVUuNmmUYenIFzcAk8UAMN0AQt4AMMJHgGr+DNMc6L8+58LEpzzrLnFPyB8/kDuySQbQ==</latexit>

m2
H

⇠ (1013 GeV)2
<latexit sha1_base64="4xxH3hnvokEKkZ8Fb5yJKUhWgkI=">AAACCXicbVDLTsJAFJ3iC/FVdelmlJhgYkiLGHBjSFzIEhMLJBTIdBhgwkzbzExNSNO1G3/FjQs1bv0Dd/6Nw2Oh4ElucnLOvbn3Hi9kVCrL+jZSK6tr6xvpzczW9s7unrl/UJdBJDBxcMAC0fSQJIz6xFFUMdIMBUHcY6ThjW4mfuOBCEkD/16NQ9LmaODTPsVIaalrHvNOoVuFrqQc5myrE9sXiXseu4LDW1JPzrRrZq28VbosF8tQkymgvUiyYI5a1/xyewGOOPEVZkjKlm2Fqh0joShmJMm4kSQhwiM0IC1NfcSJbMfTVxJ4qpUe7AdCl6/gVP09ESMu5Zh7upMjNZSL3kT8z2tFql9ux9QPI0V8PFvUjxhUAZzkAntUEKzYWBOEBdW3QjxEAmGl08voEJZeXiZOIX+Vt++K2cr1PI00OAInIAdsUAIVUAU14AAMHsEzeAVvxpPxYrwbH7PWlDGfOQR/YHz+AEFKmEg=</latexit><latexit sha1_base64="4xxH3hnvokEKkZ8Fb5yJKUhWgkI=">AAACCXicbVDLTsJAFJ3iC/FVdelmlJhgYkiLGHBjSFzIEhMLJBTIdBhgwkzbzExNSNO1G3/FjQs1bv0Dd/6Nw2Oh4ElucnLOvbn3Hi9kVCrL+jZSK6tr6xvpzczW9s7unrl/UJdBJDBxcMAC0fSQJIz6xFFUMdIMBUHcY6ThjW4mfuOBCEkD/16NQ9LmaODTPsVIaalrHvNOoVuFrqQc5myrE9sXiXseu4LDW1JPzrRrZq28VbosF8tQkymgvUiyYI5a1/xyewGOOPEVZkjKlm2Fqh0joShmJMm4kSQhwiM0IC1NfcSJbMfTVxJ4qpUe7AdCl6/gVP09ESMu5Zh7upMjNZSL3kT8z2tFql9ux9QPI0V8PFvUjxhUAZzkAntUEKzYWBOEBdW3QjxEAmGl08voEJZeXiZOIX+Vt++K2cr1PI00OAInIAdsUAIVUAU14AAMHsEzeAVvxpPxYrwbH7PWlDGfOQR/YHz+AEFKmEg=</latexit><latexit sha1_base64="4xxH3hnvokEKkZ8Fb5yJKUhWgkI=">AAACCXicbVDLTsJAFJ3iC/FVdelmlJhgYkiLGHBjSFzIEhMLJBTIdBhgwkzbzExNSNO1G3/FjQs1bv0Dd/6Nw2Oh4ElucnLOvbn3Hi9kVCrL+jZSK6tr6xvpzczW9s7unrl/UJdBJDBxcMAC0fSQJIz6xFFUMdIMBUHcY6ThjW4mfuOBCEkD/16NQ9LmaODTPsVIaalrHvNOoVuFrqQc5myrE9sXiXseu4LDW1JPzrRrZq28VbosF8tQkymgvUiyYI5a1/xyewGOOPEVZkjKlm2Fqh0joShmJMm4kSQhwiM0IC1NfcSJbMfTVxJ4qpUe7AdCl6/gVP09ESMu5Zh7upMjNZSL3kT8z2tFql9ux9QPI0V8PFvUjxhUAZzkAntUEKzYWBOEBdW3QjxEAmGl08voEJZeXiZOIX+Vt++K2cr1PI00OAInIAdsUAIVUAU14AAMHsEzeAVvxpPxYrwbH7PWlDGfOQR/YHz+AEFKmEg=</latexit><latexit sha1_base64="4xxH3hnvokEKkZ8Fb5yJKUhWgkI=">AAACCXicbVDLTsJAFJ3iC/FVdelmlJhgYkiLGHBjSFzIEhMLJBTIdBhgwkzbzExNSNO1G3/FjQs1bv0Dd/6Nw2Oh4ElucnLOvbn3Hi9kVCrL+jZSK6tr6xvpzczW9s7unrl/UJdBJDBxcMAC0fSQJIz6xFFUMdIMBUHcY6ThjW4mfuOBCEkD/16NQ9LmaODTPsVIaalrHvNOoVuFrqQc5myrE9sXiXseu4LDW1JPzrRrZq28VbosF8tQkymgvUiyYI5a1/xyewGOOPEVZkjKlm2Fqh0joShmJMm4kSQhwiM0IC1NfcSJbMfTVxJ4qpUe7AdCl6/gVP09ESMu5Zh7upMjNZSL3kT8z2tFql9ux9QPI0V8PFvUjxhUAZzkAntUEKzYWBOEBdW3QjxEAmGl08voEJZeXiZOIX+Vt++K2cr1PI00OAInIAdsUAIVUAU14AAMHsEzeAVvxpPxYrwbH7PWlDGfOQR/YHz+AEFKmEg=</latexit>

�H ⇠ 10�12
<latexit sha1_base64="yZO6L3kO/G/PzX+WYma3tSQn+W4=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR3FiSUmndSMFNlxWMLTQxTCaTduhMEmYmQold+CtuXKi49Tvc+TdOHwttPTBwOOdc7p0TpIxKZVnfRmFldW19o7hZ2tre2d0z9w/uZJIJTBycsER0AyQJozFxFFWMdFNBEA8Y6QTD64nfeSBC0iS+VaOUeBz1YxpRjJSWfPPIZTocIr/lSsqhbd3n53Z17Jtlq2LVLxq1BtRkCmgvkjKYo+2bX26Y4IyTWGGGpOzZVqq8HAlFMSPjkptJkiI8RH3S0zRGnEgvn94/hqdaCWGUCP1iBafq74kccSlHPNBJjtRALnoT8T+vl6mo4eU0TjNFYjxbFGUMqgROyoAhFQQrNtIEYUH1rRAPkEBY6cpKuoSlLy8Tp1q5rNg3tXLzat5GERyDE3AGbFAHTdACbeAADB7BM3gFb8aT8WK8Gx+zaMGYzxyCPzA+fwDiK5To</latexit><latexit sha1_base64="yZO6L3kO/G/PzX+WYma3tSQn+W4=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR3FiSUmndSMFNlxWMLTQxTCaTduhMEmYmQold+CtuXKi49Tvc+TdOHwttPTBwOOdc7p0TpIxKZVnfRmFldW19o7hZ2tre2d0z9w/uZJIJTBycsER0AyQJozFxFFWMdFNBEA8Y6QTD64nfeSBC0iS+VaOUeBz1YxpRjJSWfPPIZTocIr/lSsqhbd3n53Z17Jtlq2LVLxq1BtRkCmgvkjKYo+2bX26Y4IyTWGGGpOzZVqq8HAlFMSPjkptJkiI8RH3S0zRGnEgvn94/hqdaCWGUCP1iBafq74kccSlHPNBJjtRALnoT8T+vl6mo4eU0TjNFYjxbFGUMqgROyoAhFQQrNtIEYUH1rRAPkEBY6cpKuoSlLy8Tp1q5rNg3tXLzat5GERyDE3AGbFAHTdACbeAADB7BM3gFb8aT8WK8Gx+zaMGYzxyCPzA+fwDiK5To</latexit><latexit sha1_base64="yZO6L3kO/G/PzX+WYma3tSQn+W4=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR3FiSUmndSMFNlxWMLTQxTCaTduhMEmYmQold+CtuXKi49Tvc+TdOHwttPTBwOOdc7p0TpIxKZVnfRmFldW19o7hZ2tre2d0z9w/uZJIJTBycsER0AyQJozFxFFWMdFNBEA8Y6QTD64nfeSBC0iS+VaOUeBz1YxpRjJSWfPPIZTocIr/lSsqhbd3n53Z17Jtlq2LVLxq1BtRkCmgvkjKYo+2bX26Y4IyTWGGGpOzZVqq8HAlFMSPjkptJkiI8RH3S0zRGnEgvn94/hqdaCWGUCP1iBafq74kccSlHPNBJjtRALnoT8T+vl6mo4eU0TjNFYjxbFGUMqgROyoAhFQQrNtIEYUH1rRAPkEBY6cpKuoSlLy8Tp1q5rNg3tXLzat5GERyDE3AGbFAHTdACbeAADB7BM3gFb8aT8WK8Gx+zaMGYzxyCPzA+fwDiK5To</latexit><latexit sha1_base64="yZO6L3kO/G/PzX+WYma3tSQn+W4=">AAAB/nicbVDLSsNAFJ3UV62vqODGzWAR3FiSUmndSMFNlxWMLTQxTCaTduhMEmYmQold+CtuXKi49Tvc+TdOHwttPTBwOOdc7p0TpIxKZVnfRmFldW19o7hZ2tre2d0z9w/uZJIJTBycsER0AyQJozFxFFWMdFNBEA8Y6QTD64nfeSBC0iS+VaOUeBz1YxpRjJSWfPPIZTocIr/lSsqhbd3n53Z17Jtlq2LVLxq1BtRkCmgvkjKYo+2bX26Y4IyTWGGGpOzZVqq8HAlFMSPjkptJkiI8RH3S0zRGnEgvn94/hqdaCWGUCP1iBafq74kccSlHPNBJjtRALnoT8T+vl6mo4eU0TjNFYjxbFGUMqgROyoAhFQQrNtIEYUH1rRAPkEBY6cpKuoSlLy8Tp1q5rNg3tXLzat5GERyDE3AGbFAHTdACbeAADB7BM3gFb8aT8WK8Gx+zaMGYzxyCPzA+fwDiK5To</latexit>

But, mh =
p

2�H v = 125GeV
<latexit sha1_base64="piZTkLyn9g9DNoiZAtnHF6U06n8="></latexit><latexit sha1_base64="piZTkLyn9g9DNoiZAtnHF6U06n8="></latexit><latexit sha1_base64="piZTkLyn9g9DNoiZAtnHF6U06n8="></latexit><latexit sha1_base64="piZTkLyn9g9DNoiZAtnHF6U06n8="></latexit>

v =

s

�m2
H

�H

= 246GeV
<latexit sha1_base64="egdDJykZ6anTvV2qz453RWzDK1g="></latexit><latexit sha1_base64="egdDJykZ6anTvV2qz453RWzDK1g="></latexit><latexit sha1_base64="egdDJykZ6anTvV2qz453RWzDK1g="></latexit><latexit sha1_base64="egdDJykZ6anTvV2qz453RWzDK1g="></latexit>

�H = 0.13
<latexit sha1_base64="P6yl4Eh3Hf+vAzeknnCM8casxZQ=">AAAB9HicdVDNSgMxGMzWv1r/qh69BIvgacnW1tqDUvDSYwXXFtq1ZLNpG5rNLklWKUvfw4sHFa8+jDffxmxbQUUHAsPMfHxfxo85UxqhDyu3tLyyupZfL2xsbm3vFHf3blSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748vMb99RqVgkrvUkpl6Ih4INGMHaSLc9bqIB7jfPke2c9IslZCPkVOtVmJFypXaaESOgKnSMkqEEFmj1i++9ICJJSIUmHCvVdVCsvRRLzQin00IvUTTGZIyHtGuowCFVXjq7egqPjBLAQSTNExrO1O8TKQ6VmoS+SYZYj9RvLxP/8rqJHpx5KRNxoqkg80WDhEMdwawCGDBJieYTQzCRzNwKyQhLTLQpqmBK+Pop/J+4ZbtuO1eVUuNi0UYeHIBDcAwcUAMN0AQt4AICJHgAT+DZurcerRfrdR7NWYuZffAD1tsnlkGRdA==</latexit><latexit sha1_base64="P6yl4Eh3Hf+vAzeknnCM8casxZQ=">AAAB9HicdVDNSgMxGMzWv1r/qh69BIvgacnW1tqDUvDSYwXXFtq1ZLNpG5rNLklWKUvfw4sHFa8+jDffxmxbQUUHAsPMfHxfxo85UxqhDyu3tLyyupZfL2xsbm3vFHf3blSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748vMb99RqVgkrvUkpl6Ih4INGMHaSLc9bqIB7jfPke2c9IslZCPkVOtVmJFypXaaESOgKnSMkqEEFmj1i++9ICJJSIUmHCvVdVCsvRRLzQin00IvUTTGZIyHtGuowCFVXjq7egqPjBLAQSTNExrO1O8TKQ6VmoS+SYZYj9RvLxP/8rqJHpx5KRNxoqkg80WDhEMdwawCGDBJieYTQzCRzNwKyQhLTLQpqmBK+Pop/J+4ZbtuO1eVUuNi0UYeHIBDcAwcUAMN0AQt4AICJHgAT+DZurcerRfrdR7NWYuZffAD1tsnlkGRdA==</latexit><latexit sha1_base64="P6yl4Eh3Hf+vAzeknnCM8casxZQ=">AAAB9HicdVDNSgMxGMzWv1r/qh69BIvgacnW1tqDUvDSYwXXFtq1ZLNpG5rNLklWKUvfw4sHFa8+jDffxmxbQUUHAsPMfHxfxo85UxqhDyu3tLyyupZfL2xsbm3vFHf3blSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748vMb99RqVgkrvUkpl6Ih4INGMHaSLc9bqIB7jfPke2c9IslZCPkVOtVmJFypXaaESOgKnSMkqEEFmj1i++9ICJJSIUmHCvVdVCsvRRLzQin00IvUTTGZIyHtGuowCFVXjq7egqPjBLAQSTNExrO1O8TKQ6VmoS+SYZYj9RvLxP/8rqJHpx5KRNxoqkg80WDhEMdwawCGDBJieYTQzCRzNwKyQhLTLQpqmBK+Pop/J+4ZbtuO1eVUuNi0UYeHIBDcAwcUAMN0AQt4AICJHgAT+DZurcerRfrdR7NWYuZffAD1tsnlkGRdA==</latexit><latexit sha1_base64="P6yl4Eh3Hf+vAzeknnCM8casxZQ=">AAAB9HicdVDNSgMxGMzWv1r/qh69BIvgacnW1tqDUvDSYwXXFtq1ZLNpG5rNLklWKUvfw4sHFa8+jDffxmxbQUUHAsPMfHxfxo85UxqhDyu3tLyyupZfL2xsbm3vFHf3blSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3748vMb99RqVgkrvUkpl6Ih4INGMHaSLc9bqIB7jfPke2c9IslZCPkVOtVmJFypXaaESOgKnSMkqEEFmj1i++9ICJJSIUmHCvVdVCsvRRLzQin00IvUTTGZIyHtGuowCFVXjq7egqPjBLAQSTNExrO1O8TKQ6VmoS+SYZYj9RvLxP/8rqJHpx5KRNxoqkg80WDhEMdwawCGDBJieYTQzCRzNwKyQhLTLQpqmBK+Pop/J+4ZbtuO1eVUuNi0UYeHIBDcAwcUAMN0AQt4AICJHgAT+DZurcerRfrdR7NWYuZffAD1tsnlkGRdA==</latexit>

m2
H

= �(98GeV)2
<latexit sha1_base64="MiKHS+6FkY/YgOnEcc4QFpUK8DU=">AAACAHicdZDLSgMxFIYz9VbrbdSN4CZYhApaZkpr24VScGGXFewF2loyaaYNTWaGJCOUoW58FTcuVNz6GO58GzNtBRX9IfDznXM4Ob8TMCqVZX0YiYXFpeWV5GpqbX1jc8vc3mlIPxSY1LHPfNFykCSMeqSuqGKkFQiCuMNI0xldxPXmLRGS+t61Ggeky9HAoy7FSGnUM/f4Ta5XPTvJlEud46gjOLwkjcmRhmbaylqWXSgXYGxy+eJpbDSwCtDWJFYazFXrme+dvo9DTjyFGZKybVuB6kZIKIoZmaQ6oSQBwiM0IG1tPcSJ7EbTCybwUJM+dH2hn6fglH6fiBCXcswd3cmRGsrftRj+VWuHyi11I+oFoSIeni1yQwaVD+M4YJ8KghUba4OwoPqvEA+RQFjp0FI6hK9L4f+mnsuWs/ZVPl05n6eRBPvgAGSADYqgAqqgBuoAgzvwAJ7As3FvPBovxuusNWHMZ3bBDxlvnwIAlOM=</latexit><latexit sha1_base64="MiKHS+6FkY/YgOnEcc4QFpUK8DU=">AAACAHicdZDLSgMxFIYz9VbrbdSN4CZYhApaZkpr24VScGGXFewF2loyaaYNTWaGJCOUoW58FTcuVNz6GO58GzNtBRX9IfDznXM4Ob8TMCqVZX0YiYXFpeWV5GpqbX1jc8vc3mlIPxSY1LHPfNFykCSMeqSuqGKkFQiCuMNI0xldxPXmLRGS+t61Ggeky9HAoy7FSGnUM/f4Ta5XPTvJlEud46gjOLwkjcmRhmbaylqWXSgXYGxy+eJpbDSwCtDWJFYazFXrme+dvo9DTjyFGZKybVuB6kZIKIoZmaQ6oSQBwiM0IG1tPcSJ7EbTCybwUJM+dH2hn6fglH6fiBCXcswd3cmRGsrftRj+VWuHyi11I+oFoSIeni1yQwaVD+M4YJ8KghUba4OwoPqvEA+RQFjp0FI6hK9L4f+mnsuWs/ZVPl05n6eRBPvgAGSADYqgAqqgBuoAgzvwAJ7As3FvPBovxuusNWHMZ3bBDxlvnwIAlOM=</latexit><latexit sha1_base64="MiKHS+6FkY/YgOnEcc4QFpUK8DU=">AAACAHicdZDLSgMxFIYz9VbrbdSN4CZYhApaZkpr24VScGGXFewF2loyaaYNTWaGJCOUoW58FTcuVNz6GO58GzNtBRX9IfDznXM4Ob8TMCqVZX0YiYXFpeWV5GpqbX1jc8vc3mlIPxSY1LHPfNFykCSMeqSuqGKkFQiCuMNI0xldxPXmLRGS+t61Ggeky9HAoy7FSGnUM/f4Ta5XPTvJlEud46gjOLwkjcmRhmbaylqWXSgXYGxy+eJpbDSwCtDWJFYazFXrme+dvo9DTjyFGZKybVuB6kZIKIoZmaQ6oSQBwiM0IG1tPcSJ7EbTCybwUJM+dH2hn6fglH6fiBCXcswd3cmRGsrftRj+VWuHyi11I+oFoSIeni1yQwaVD+M4YJ8KghUba4OwoPqvEA+RQFjp0FI6hK9L4f+mnsuWs/ZVPl05n6eRBPvgAGSADYqgAqqgBuoAgzvwAJ7As3FvPBovxuusNWHMZ3bBDxlvnwIAlOM=</latexit><latexit sha1_base64="MiKHS+6FkY/YgOnEcc4QFpUK8DU=">AAACAHicdZDLSgMxFIYz9VbrbdSN4CZYhApaZkpr24VScGGXFewF2loyaaYNTWaGJCOUoW58FTcuVNz6GO58GzNtBRX9IfDznXM4Ob8TMCqVZX0YiYXFpeWV5GpqbX1jc8vc3mlIPxSY1LHPfNFykCSMeqSuqGKkFQiCuMNI0xldxPXmLRGS+t61Ggeky9HAoy7FSGnUM/f4Ta5XPTvJlEud46gjOLwkjcmRhmbaylqWXSgXYGxy+eJpbDSwCtDWJFYazFXrme+dvo9DTjyFGZKybVuB6kZIKIoZmaQ6oSQBwiM0IG1tPcSJ7EbTCybwUJM+dH2hn6fglH6fiBCXcswd3cmRGsrftRj+VWuHyi11I+oFoSIeni1yQwaVD+M4YJ8KghUba4OwoPqvEA+RQFjp0FI6hK9L4f+mnsuWs/ZVPl05n6eRBPvgAGSADYqgAqqgBuoAgzvwAJ7As3FvPBovxuusNWHMZ3bBDxlvnwIAlOM=</latexit>

cf. inflection point:

�(µc) ⌧ 1,
<latexit sha1_base64="L+6KPqiBWpHVsU6/SB7gFEAToWo=">AAAB/HicdVDLSsNAFJ3UV62v+Ni5GSxCBSlJaa3dSMGNywpGC00Ik8mkHTqThJmJUEvxV9y4UHHrh7jzb5y0FVT0wMDhnHO5d06QMiqVZX0YhYXFpeWV4mppbX1jc8vc3rmWSSYwcXDCEtENkCSMxsRRVDHSTQVBPGDkJhie5/7NLRGSJvGVGqXE46gf04hipLTkm3su0+EQVVye+fjIZQzax75ZtqqWZTdaDZiTWr15khMtWA1oayVHGczR8c13N0xwxkmsMENS9mwrVd4YCUUxI5OSm0mSIjxEfdLTNEacSG88vX4CD7USwigR+sUKTtXvE2PEpRzxQCc5UgP528vFv7xepqJTb0zjNFMkxrNFUcagSmBeBQypIFixkSYIC6pvhXiABMJKF1bSJXz9FP5PnFq1VbUv6+X22byNItgHB6ACbNAEbXABOsABGNyBB/AEno1749F4MV5n0YIxn9kFP2C8fQKin5Q9</latexit><latexit sha1_base64="L+6KPqiBWpHVsU6/SB7gFEAToWo=">AAAB/HicdVDLSsNAFJ3UV62v+Ni5GSxCBSlJaa3dSMGNywpGC00Ik8mkHTqThJmJUEvxV9y4UHHrh7jzb5y0FVT0wMDhnHO5d06QMiqVZX0YhYXFpeWV4mppbX1jc8vc3rmWSSYwcXDCEtENkCSMxsRRVDHSTQVBPGDkJhie5/7NLRGSJvGVGqXE46gf04hipLTkm3su0+EQVVye+fjIZQzax75ZtqqWZTdaDZiTWr15khMtWA1oayVHGczR8c13N0xwxkmsMENS9mwrVd4YCUUxI5OSm0mSIjxEfdLTNEacSG88vX4CD7USwigR+sUKTtXvE2PEpRzxQCc5UgP528vFv7xepqJTb0zjNFMkxrNFUcagSmBeBQypIFixkSYIC6pvhXiABMJKF1bSJXz9FP5PnFq1VbUv6+X22byNItgHB6ACbNAEbXABOsABGNyBB/AEno1749F4MV5n0YIxn9kFP2C8fQKin5Q9</latexit><latexit sha1_base64="L+6KPqiBWpHVsU6/SB7gFEAToWo=">AAAB/HicdVDLSsNAFJ3UV62v+Ni5GSxCBSlJaa3dSMGNywpGC00Ik8mkHTqThJmJUEvxV9y4UHHrh7jzb5y0FVT0wMDhnHO5d06QMiqVZX0YhYXFpeWV4mppbX1jc8vc3rmWSSYwcXDCEtENkCSMxsRRVDHSTQVBPGDkJhie5/7NLRGSJvGVGqXE46gf04hipLTkm3su0+EQVVye+fjIZQzax75ZtqqWZTdaDZiTWr15khMtWA1oayVHGczR8c13N0xwxkmsMENS9mwrVd4YCUUxI5OSm0mSIjxEfdLTNEacSG88vX4CD7USwigR+sUKTtXvE2PEpRzxQCc5UgP528vFv7xepqJTb0zjNFMkxrNFUcagSmBeBQypIFixkSYIC6pvhXiABMJKF1bSJXz9FP5PnFq1VbUv6+X22byNItgHB6ACbNAEbXABOsABGNyBB/AEno1749F4MV5n0YIxn9kFP2C8fQKin5Q9</latexit><latexit sha1_base64="L+6KPqiBWpHVsU6/SB7gFEAToWo=">AAAB/HicdVDLSsNAFJ3UV62v+Ni5GSxCBSlJaa3dSMGNywpGC00Ik8mkHTqThJmJUEvxV9y4UHHrh7jzb5y0FVT0wMDhnHO5d06QMiqVZX0YhYXFpeWV4mppbX1jc8vc3rmWSSYwcXDCEtENkCSMxsRRVDHSTQVBPGDkJhie5/7NLRGSJvGVGqXE46gf04hipLTkm3su0+EQVVye+fjIZQzax75ZtqqWZTdaDZiTWr15khMtWA1oayVHGczR8c13N0xwxkmsMENS9mwrVd4YCUUxI5OSm0mSIjxEfdLTNEacSG88vX4CD7USwigR+sUKTtXvE2PEpRzxQCc5UgP528vFv7xepqJTb0zjNFMkxrNFUcagSmBeBQypIFixkSYIC6pvhXiABMJKF1bSJXz9FP5PnFq1VbUv6+X22byNItgHB6ACbNAEbXABOsABGNyBB/AEno1749F4MV5n0YIxn9kFP2C8fQKin5Q9</latexit>

µc ⇠ MP .
<latexit sha1_base64="p7O7foMxqtim8TQHOKhKbF+4V3Q=">AAAB9HicdZDNSgMxFIUz9a/Wv6pLN8EiuBpmSmvtRgpu3AgVHFvojEMmTdvQJDMkGaUMfQ83LlTc+jDufBszbQUVPRA4fPde7s2JEkaVdpwPq7C0vLK6VlwvbWxube+Ud/duVJxKTDwcs1h2I6QIo4J4mmpGuokkiEeMdKLxeV7v3BGpaCyu9SQhAUdDQQcUI23Qrc/TEPuKcngZtu2wXHFsx3HrzTrMTbXWOMmNAU4duobkqoCF2mH53e/HOOVEaMyQUj3XSXSQIakpZmRa8lNFEoTHaEh6xgrEiQqy2dVTeGRIHw5iaZ7QcEa/T2SIKzXhkenkSI/U71oO/6r1Uj04DTIqklQTgeeLBimDOoZ5BLBPJcGaTYxBWFJzK8QjJBHWJqiSCeHrp/B/41Xtpu1e1Sqts0UaRXAADsExcEEDtMAFaAMPYCDBA3gCz9a99Wi9WK/z1oK1mNkHP2S9fQJr8JIA</latexit><latexit sha1_base64="p7O7foMxqtim8TQHOKhKbF+4V3Q=">AAAB9HicdZDNSgMxFIUz9a/Wv6pLN8EiuBpmSmvtRgpu3AgVHFvojEMmTdvQJDMkGaUMfQ83LlTc+jDufBszbQUVPRA4fPde7s2JEkaVdpwPq7C0vLK6VlwvbWxube+Ud/duVJxKTDwcs1h2I6QIo4J4mmpGuokkiEeMdKLxeV7v3BGpaCyu9SQhAUdDQQcUI23Qrc/TEPuKcngZtu2wXHFsx3HrzTrMTbXWOMmNAU4duobkqoCF2mH53e/HOOVEaMyQUj3XSXSQIakpZmRa8lNFEoTHaEh6xgrEiQqy2dVTeGRIHw5iaZ7QcEa/T2SIKzXhkenkSI/U71oO/6r1Uj04DTIqklQTgeeLBimDOoZ5BLBPJcGaTYxBWFJzK8QjJBHWJqiSCeHrp/B/41Xtpu1e1Sqts0UaRXAADsExcEEDtMAFaAMPYCDBA3gCz9a99Wi9WK/z1oK1mNkHP2S9fQJr8JIA</latexit><latexit sha1_base64="p7O7foMxqtim8TQHOKhKbF+4V3Q=">AAAB9HicdZDNSgMxFIUz9a/Wv6pLN8EiuBpmSmvtRgpu3AgVHFvojEMmTdvQJDMkGaUMfQ83LlTc+jDufBszbQUVPRA4fPde7s2JEkaVdpwPq7C0vLK6VlwvbWxube+Ud/duVJxKTDwcs1h2I6QIo4J4mmpGuokkiEeMdKLxeV7v3BGpaCyu9SQhAUdDQQcUI23Qrc/TEPuKcngZtu2wXHFsx3HrzTrMTbXWOMmNAU4duobkqoCF2mH53e/HOOVEaMyQUj3XSXSQIakpZmRa8lNFEoTHaEh6xgrEiQqy2dVTeGRIHw5iaZ7QcEa/T2SIKzXhkenkSI/U71oO/6r1Uj04DTIqklQTgeeLBimDOoZ5BLBPJcGaTYxBWFJzK8QjJBHWJqiSCeHrp/B/41Xtpu1e1Sqts0UaRXAADsExcEEDtMAFaAMPYCDBA3gCz9a99Wi9WK/z1oK1mNkHP2S9fQJr8JIA</latexit><latexit sha1_base64="p7O7foMxqtim8TQHOKhKbF+4V3Q=">AAAB9HicdZDNSgMxFIUz9a/Wv6pLN8EiuBpmSmvtRgpu3AgVHFvojEMmTdvQJDMkGaUMfQ83LlTc+jDufBszbQUVPRA4fPde7s2JEkaVdpwPq7C0vLK6VlwvbWxube+Ud/duVJxKTDwcs1h2I6QIo4J4mmpGuokkiEeMdKLxeV7v3BGpaCyu9SQhAUdDQQcUI23Qrc/TEPuKcngZtu2wXHFsx3HrzTrMTbXWOMmNAU4duobkqoCF2mH53e/HOOVEaMyQUj3XSXSQIakpZmRa8lNFEoTHaEh6xgrEiQqy2dVTeGRIHw5iaZ7QcEa/T2SIKzXhkenkSI/U71oO/6r1Uj04DTIqklQTgeeLBimDOoZ5BLBPJcGaTYxBWFJzK8QjJBHWJqiSCeHrp/B/41Xtpu1e1Sqts0UaRXAADsExcEEDtMAFaAMPYCDBA3gCz9a99Wi9WK/z1oK1mNkHP2S9fQJr8JIA</latexit>

small running quartic coupling.

Too small  number of efoldings.

�H(h) = �(µc) +
g4SM

(16⇡2)2
ln

⇣ h

µc

⌘
,

<latexit sha1_base64="//BkOBolCe4OhXHWxLLZHmIFU14="></latexit><latexit sha1_base64="//BkOBolCe4OhXHWxLLZHmIFU14="></latexit><latexit sha1_base64="//BkOBolCe4OhXHWxLLZHmIFU14="></latexit><latexit sha1_base64="//BkOBolCe4OhXHWxLLZHmIFU14="></latexit>



• Add a non-minimal coupling for Higgs boson to the SM. 

Higgs inflation
[Bezrukov, Shaposhnikov (2007)]

L =
p
�g

⇣1
2
R+ ⇠|H|2R� |DµH|2 � �H(|H|2 � v

2
/2)2

⌘

LE =
p
�gE

⇣1
2
R(gE)�

3⇠2

⌦2
(@µ|H|2)2 � 1

⌦
|DµH|2 � V

⌦2

⌘

gµ⌫ = ⌦�1gE,µ⌫ , ⌦ = 1 + 2⇠|H|2

ns = 1� 2

N
= 0.966,

<latexit sha1_base64="p8rJYuEbzOJMPAK1YE3KuRB1QIk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8KAhKVLtoVLw4kkqGFtoQ9hsN+3SzSbsboQS6sW/4sWDild/hjf/jds2B60+GHi8N8PMvCBhVCrb/jIKC4tLyyvF1dLa+sbmlrm9cyfjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5O/NY9EZLG/FaNEuJFqM9pSDFSWvLNPe7LunPSDQXCWWWcXY/rtlWrVo99s2xb9hTwL3FyUgY5mr752e3FOI0IV5ghKTuOnSgvQ0JRzMi41E0lSRAeoj7paMpRRKSXTT8Yw0Ot9GAYC11cwan6cyJDkZSjKNCdEVIDOe9NxP+8TqrCcy+jPEkV4Xi2KEwZVDGcxAF7VBCs2EgThAXVt0I8QDoMpUMr6RCc+Zf/Erdi1Szn5rTcuMjTKIJ9cACOgAPOQANcgSZwAQYP4Am8gFfj0Xg23oz3WWvByGd2wS8YH99nZZUa</latexit><latexit sha1_base64="p8rJYuEbzOJMPAK1YE3KuRB1QIk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8KAhKVLtoVLw4kkqGFtoQ9hsN+3SzSbsboQS6sW/4sWDild/hjf/jds2B60+GHi8N8PMvCBhVCrb/jIKC4tLyyvF1dLa+sbmlrm9cyfjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5O/NY9EZLG/FaNEuJFqM9pSDFSWvLNPe7LunPSDQXCWWWcXY/rtlWrVo99s2xb9hTwL3FyUgY5mr752e3FOI0IV5ghKTuOnSgvQ0JRzMi41E0lSRAeoj7paMpRRKSXTT8Yw0Ot9GAYC11cwan6cyJDkZSjKNCdEVIDOe9NxP+8TqrCcy+jPEkV4Xi2KEwZVDGcxAF7VBCs2EgThAXVt0I8QDoMpUMr6RCc+Zf/Erdi1Szn5rTcuMjTKIJ9cACOgAPOQANcgSZwAQYP4Am8gFfj0Xg23oz3WWvByGd2wS8YH99nZZUa</latexit><latexit sha1_base64="p8rJYuEbzOJMPAK1YE3KuRB1QIk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8KAhKVLtoVLw4kkqGFtoQ9hsN+3SzSbsboQS6sW/4sWDild/hjf/jds2B60+GHi8N8PMvCBhVCrb/jIKC4tLyyvF1dLa+sbmlrm9cyfjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5O/NY9EZLG/FaNEuJFqM9pSDFSWvLNPe7LunPSDQXCWWWcXY/rtlWrVo99s2xb9hTwL3FyUgY5mr752e3FOI0IV5ghKTuOnSgvQ0JRzMi41E0lSRAeoj7paMpRRKSXTT8Yw0Ot9GAYC11cwan6cyJDkZSjKNCdEVIDOe9NxP+8TqrCcy+jPEkV4Xi2KEwZVDGcxAF7VBCs2EgThAXVt0I8QDoMpUMr6RCc+Zf/Erdi1Szn5rTcuMjTKIJ9cACOgAPOQANcgSZwAQYP4Am8gFfj0Xg23oz3WWvByGd2wS8YH99nZZUa</latexit><latexit sha1_base64="p8rJYuEbzOJMPAK1YE3KuRB1QIk=">AAACAHicbVBNS8NAEN3Ur1q/ol4EL4tF8KAhKVLtoVLw4kkqGFtoQ9hsN+3SzSbsboQS6sW/4sWDild/hjf/jds2B60+GHi8N8PMvCBhVCrb/jIKC4tLyyvF1dLa+sbmlrm9cyfjVGDi4pjFoh0gSRjlxFVUMdJOBEFRwEgrGF5O/NY9EZLG/FaNEuJFqM9pSDFSWvLNPe7LunPSDQXCWWWcXY/rtlWrVo99s2xb9hTwL3FyUgY5mr752e3FOI0IV5ghKTuOnSgvQ0JRzMi41E0lSRAeoj7paMpRRKSXTT8Yw0Ot9GAYC11cwan6cyJDkZSjKNCdEVIDOe9NxP+8TqrCcy+jPEkV4Xi2KEwZVDGcxAF7VBCs2EgThAXVt0I8QDoMpUMr6RCc+Zf/Erdi1Szn5rTcuMjTKIJ9cACOgAPOQANcgSZwAQYP4Am8gFfj0Xg23oz3WWvByGd2wS8YH99nZZUa</latexit>

r =
12

N2
= 0.0033
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Higgs boson can drive cosmic inflation, with definite predictions. 

“Large non-minimal coupling”

“Consistent 
with Planck data”

Non-canonical kinetic terms
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Higgs potential



Power counting for EFT
• Truncate the effective action in scalar-tensor gravity.

• Identify interactions from field expansions in EFT.

[Burgess, HML, Trott (2009)]

• Validity of  semi-classical approximation: ḣ/h, H ⌧ M

“power counting” in EFT : 

cutoff

�� ⌧ �

Effective interactions are constrained. 

Quantum action : � =

Z
d4xLe↵(background) + ~��,



Trouble with large coupling
• Effective Higgs interactions
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[Han, Willenbrock (2004); Burgess, 
HML, Trott (2009,2010); Barbon, 

Espinosa (2009); Hertzberg (2010)]

• Perturbative unitarity is violated at small scales.
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Saving Higgs inflation
[Giudice, HML (2010)]

�

|~�|0

⇠�1
0

Full theory: Higgs moves in hyperbolic space!

SO(1, 5)/SO(5)

LJ =
p
�g


⇠0�

2R� 1

2
(@µ�)

2 � �
⇣
�2 � ~�2 � ⇠�1

0

⌘2
�

“Induced gravity”

~Higgs inflation as EFT.
Integrate out “sigma field”:

The same predictions 
as in Higgs inflation.

Physical sigma mass is tied 
up to inflation scale.
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 Comparison to Starobinsky

[Y. Ema (2017); 
Gorbunov, 

Tokareva (2018)]

• Starobinsky R2 model is dual to a scalar-tensor theory.
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• Starobinsky model as a UV completion?
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:  Equivalent to a sigma-field model.
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Higher curvature terms such as R3 would spoil unless suppressed.
[Giudice, HML, in progress]
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Hubbard-Stratonovich transf.



General sigma inflation
[HML (2018)]

Introduce a linear non-minimal coupling in the sigma model.
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Stable gravity:

Unitarity up to Planck scale:

⇠21 < 4⇠0
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Large graviton mixing or kinetic term,
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Suppressed interactions or large cutoff scale; 
sigma mass can be arbitrarily small.

= ⌦
<latexit sha1_base64="LlogYgI31Of24r0X8xPNlEWFwyQ=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0naYtuDUvDizQrGFtpQNttJu3Q3CbsboYT+CC8eVLz6f7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7B3cqSiQFl0Y8kl2fKOAsBFczzaEbSyDC59DxJ5eZ37kHqVgU3uppDJ4go5AFjBJtpM55/1rAiAyKJbtsO9VGzcaG2NVKtZ4Rp9I8q2HHKBlKaIn2oPjeH0Y0ERBqyolSPceOtZcSqRnlMCv0EwUxoRMygp6hIRGgvHR+7gyfGGWIg0iaCjWeq98nUiKUmgrfdAqix+q3l4l/eb1EBw0vZWGcaAjpYlGQcKwjnP2Oh0wC1XxqCKGSmVsxHRNJqDYJFUwIX5/i/4lbKTfLzk2t1LpYppFHR+gYnSIH1VELXaE2chFFE/SAntCzFVuP1ov1umjNWcuZQ/QD1tsnmTuPRw==</latexit><latexit sha1_base64="LlogYgI31Of24r0X8xPNlEWFwyQ=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0naYtuDUvDizQrGFtpQNttJu3Q3CbsboYT+CC8eVLz6f7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7B3cqSiQFl0Y8kl2fKOAsBFczzaEbSyDC59DxJ5eZ37kHqVgU3uppDJ4go5AFjBJtpM55/1rAiAyKJbtsO9VGzcaG2NVKtZ4Rp9I8q2HHKBlKaIn2oPjeH0Y0ERBqyolSPceOtZcSqRnlMCv0EwUxoRMygp6hIRGgvHR+7gyfGGWIg0iaCjWeq98nUiKUmgrfdAqix+q3l4l/eb1EBw0vZWGcaAjpYlGQcKwjnP2Oh0wC1XxqCKGSmVsxHRNJqDYJFUwIX5/i/4lbKTfLzk2t1LpYppFHR+gYnSIH1VELXaE2chFFE/SAntCzFVuP1ov1umjNWcuZQ/QD1tsnmTuPRw==</latexit><latexit sha1_base64="LlogYgI31Of24r0X8xPNlEWFwyQ=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0naYtuDUvDizQrGFtpQNttJu3Q3CbsboYT+CC8eVLz6f7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7B3cqSiQFl0Y8kl2fKOAsBFczzaEbSyDC59DxJ5eZ37kHqVgU3uppDJ4go5AFjBJtpM55/1rAiAyKJbtsO9VGzcaG2NVKtZ4Rp9I8q2HHKBlKaIn2oPjeH0Y0ERBqyolSPceOtZcSqRnlMCv0EwUxoRMygp6hIRGgvHR+7gyfGGWIg0iaCjWeq98nUiKUmgrfdAqix+q3l4l/eb1EBw0vZWGcaAjpYlGQcKwjnP2Oh0wC1XxqCKGSmVsxHRNJqDYJFUwIX5/i/4lbKTfLzk2t1LpYppFHR+gYnSIH1VELXaE2chFFE/SAntCzFVuP1ov1umjNWcuZQ/QD1tsnmTuPRw==</latexit><latexit sha1_base64="LlogYgI31Of24r0X8xPNlEWFwyQ=">AAAB7XicdVBNS8NAEN3Ur1q/qh69LBbBU0naYtuDUvDizQrGFtpQNttJu3Q3CbsboYT+CC8eVLz6f7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7B3cqSiQFl0Y8kl2fKOAsBFczzaEbSyDC59DxJ5eZ37kHqVgU3uppDJ4go5AFjBJtpM55/1rAiAyKJbtsO9VGzcaG2NVKtZ4Rp9I8q2HHKBlKaIn2oPjeH0Y0ERBqyolSPceOtZcSqRnlMCv0EwUxoRMygp6hIRGgvHR+7gyfGGWIg0iaCjWeq98nUiKUmgrfdAqix+q3l4l/eb1EBw0vZWGcaAjpYlGQcKwjnP2Oh0wC1XxqCKGSmVsxHRNJqDYJFUwIX5/i/4lbKTfLzk2t1LpYppFHR+gYnSIH1VELXaE2chFFE/SAntCzFVuP1ov1umjNWcuZQ/QD1tsnmTuPRw==</latexit>

�

|~�|

~arbitrary



⇤2 :
<latexit sha1_base64="E3cSBsdyukpkqGh+hR6BYh7NJ0I=">AAAB8HicdVBNSwMxFHzrZ61fVY9egkXwVHbbYlsPUvDiwUMF1xbbpWSzaRuazS5JVihL/4UXDype/Tne/Ddm2woqOhAYZuaR98aPOVPatj+speWV1bX13EZ+c2t7Z7ewt3+rokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fZH77nkrFInGjJzH1QjwUbMAI1ka6612ZaID75bN+oWiXbKdSr9rIELtSrtQy4pQbp1XkGCVDERZo9QvvvSAiSUiFJhwr1XXsWHsplpoRTqf5XqJojMkYD2nXUIFDqrx0tvEUHRslQINImic0mqnfJ1IcKjUJfZMMsR6p314m/uV1Ez2oeykTcaKpIPOPBglHOkLZ+ShgkhLNJ4ZgIpnZFZERlphoU1LelPB1KfqfuOVSo+RcV4vN80UbOTiEIzgBB2rQhEtogQsEBDzAEzxbynq0XqzXeXTJWswcwA9Yb59tTpBL</latexit><latexit sha1_base64="E3cSBsdyukpkqGh+hR6BYh7NJ0I=">AAAB8HicdVBNSwMxFHzrZ61fVY9egkXwVHbbYlsPUvDiwUMF1xbbpWSzaRuazS5JVihL/4UXDype/Tne/Ddm2woqOhAYZuaR98aPOVPatj+speWV1bX13EZ+c2t7Z7ewt3+rokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fZH77nkrFInGjJzH1QjwUbMAI1ka6612ZaID75bN+oWiXbKdSr9rIELtSrtQy4pQbp1XkGCVDERZo9QvvvSAiSUiFJhwr1XXsWHsplpoRTqf5XqJojMkYD2nXUIFDqrx0tvEUHRslQINImic0mqnfJ1IcKjUJfZMMsR6p314m/uV1Ez2oeykTcaKpIPOPBglHOkLZ+ShgkhLNJ4ZgIpnZFZERlphoU1LelPB1KfqfuOVSo+RcV4vN80UbOTiEIzgBB2rQhEtogQsEBDzAEzxbynq0XqzXeXTJWswcwA9Yb59tTpBL</latexit><latexit sha1_base64="E3cSBsdyukpkqGh+hR6BYh7NJ0I=">AAAB8HicdVBNSwMxFHzrZ61fVY9egkXwVHbbYlsPUvDiwUMF1xbbpWSzaRuazS5JVihL/4UXDype/Tne/Ddm2woqOhAYZuaR98aPOVPatj+speWV1bX13EZ+c2t7Z7ewt3+rokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fZH77nkrFInGjJzH1QjwUbMAI1ka6612ZaID75bN+oWiXbKdSr9rIELtSrtQy4pQbp1XkGCVDERZo9QvvvSAiSUiFJhwr1XXsWHsplpoRTqf5XqJojMkYD2nXUIFDqrx0tvEUHRslQINImic0mqnfJ1IcKjUJfZMMsR6p314m/uV1Ez2oeykTcaKpIPOPBglHOkLZ+ShgkhLNJ4ZgIpnZFZERlphoU1LelPB1KfqfuOVSo+RcV4vN80UbOTiEIzgBB2rQhEtogQsEBDzAEzxbynq0XqzXeXTJWswcwA9Yb59tTpBL</latexit><latexit sha1_base64="E3cSBsdyukpkqGh+hR6BYh7NJ0I=">AAAB8HicdVBNSwMxFHzrZ61fVY9egkXwVHbbYlsPUvDiwUMF1xbbpWSzaRuazS5JVihL/4UXDype/Tne/Ddm2woqOhAYZuaR98aPOVPatj+speWV1bX13EZ+c2t7Z7ewt3+rokQS6pKIR7LjY0U5E9TVTHPaiSXFoc9p2x9fZH77nkrFInGjJzH1QjwUbMAI1ka6612ZaID75bN+oWiXbKdSr9rIELtSrtQy4pQbp1XkGCVDERZo9QvvvSAiSUiFJhwr1XXsWHsplpoRTqf5XqJojMkYD2nXUIFDqrx0tvEUHRslQINImic0mqnfJ1IcKjUJfZMMsR6p314m/uV1Ez2oeykTcaKpIPOPBglHOkLZ+ShgkhLNJ4ZgIpnZFZERlphoU1LelPB1KfqfuOVSo+RcV4vN80UbOTiEIzgBB2rQhEtogQsEBDzAEzxbynq0XqzXeXTJWswcwA9Yb59tTpBL</latexit>

Unitarity scale

⇠0
<latexit sha1_base64="3lqJngwEbbKGYq97syV1pk2vWNA=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Ktm22PYiBS8eK7i20C4lm2bb0Gx2SbJiKf0NXjyoePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4w1lZXVvf2Mxt5bd3dvf2CweHtzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8WXmt++Y0jyWN2aSMD8iQ8lDTomxkte7533cLxRxCbuVehUjS3ClXKllxC03zqvItUqGIizR6hfee4OYphGThgqiddfFifGnRBlOBZvle6lmCaFjMmRdSyWJmPan82Nn6NQqAxTGypY0aK5+n5iSSOtJFNjOiJiR/u1l4l9eNzVh3Z9ymaSGSbpYFKYCmRhln6MBV4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/xCuXGiX3ulpsXizTyMExnMAZuFCDJlxBCzygwOEBnuDZkc6j8+K8LlpXnOXMEfyA8/YJOU2OfQ==</latexit><latexit sha1_base64="3lqJngwEbbKGYq97syV1pk2vWNA=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Ktm22PYiBS8eK7i20C4lm2bb0Gx2SbJiKf0NXjyoePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4w1lZXVvf2Mxt5bd3dvf2CweHtzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8WXmt++Y0jyWN2aSMD8iQ8lDTomxkte7533cLxRxCbuVehUjS3ClXKllxC03zqvItUqGIizR6hfee4OYphGThgqiddfFifGnRBlOBZvle6lmCaFjMmRdSyWJmPan82Nn6NQqAxTGypY0aK5+n5iSSOtJFNjOiJiR/u1l4l9eNzVh3Z9ymaSGSbpYFKYCmRhln6MBV4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/xCuXGiX3ulpsXizTyMExnMAZuFCDJlxBCzygwOEBnuDZkc6j8+K8LlpXnOXMEfyA8/YJOU2OfQ==</latexit><latexit sha1_base64="3lqJngwEbbKGYq97syV1pk2vWNA=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Ktm22PYiBS8eK7i20C4lm2bb0Gx2SbJiKf0NXjyoePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4w1lZXVvf2Mxt5bd3dvf2CweHtzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8WXmt++Y0jyWN2aSMD8iQ8lDTomxkte7533cLxRxCbuVehUjS3ClXKllxC03zqvItUqGIizR6hfee4OYphGThgqiddfFifGnRBlOBZvle6lmCaFjMmRdSyWJmPan82Nn6NQqAxTGypY0aK5+n5iSSOtJFNjOiJiR/u1l4l9eNzVh3Z9ymaSGSbpYFKYCmRhln6MBV4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/xCuXGiX3ulpsXizTyMExnMAZuFCDJlxBCzygwOEBnuDZkc6j8+K8LlpXnOXMEfyA8/YJOU2OfQ==</latexit><latexit sha1_base64="3lqJngwEbbKGYq97syV1pk2vWNA=">AAAB63icdVBNSwMxEJ31s9avqkcvwSJ4Ktm22PYiBS8eK7i20C4lm2bb0Gx2SbJiKf0NXjyoePUPefPfmG0rqOiDgcd7M8zMCxLBtcH4w1lZXVvf2Mxt5bd3dvf2CweHtzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8WXmt++Y0jyWN2aSMD8iQ8lDTomxkte7533cLxRxCbuVehUjS3ClXKllxC03zqvItUqGIizR6hfee4OYphGThgqiddfFifGnRBlOBZvle6lmCaFjMmRdSyWJmPan82Nn6NQqAxTGypY0aK5+n5iSSOtJFNjOiJiR/u1l4l9eNzVh3Z9ymaSGSbpYFKYCmRhln6MBV4waMbGEUMXtrYiOiCLU2HzyNoSvT9H/xCuXGiX3ulpsXizTyMExnMAZuFCDJlxBCzygwOEBnuDZkc6j8+K8LlpXnOXMEfyA8/YJOU2OfQ==</latexit>

Favored region

a =
⇠1p
⇠0

⇠ 1
<latexit sha1_base64="Uah0ga9mjaXikOrA/V17w1Thplo=">AAACCnicdVDLSgMxFM3UV62vUZduQovgasj4QF0oBTcuK1hb6AxDJs20oZmHSUYsw+zd+CtuXKi49Qvc+Tem0ypV9MCFk3Pu5eYeP+FMKoQ+jNLM7Nz8QnmxsrS8srpmrm9cyTgVhDZJzGPR9rGknEW0qZjitJ0IikOf05Y/OBv5rRsqJIujSzVMqBviXsQCRrDSkmdW8YkTCEwy55Z5dp458lqo4oHy3JEshLZn1mwLFYDIQns2QgfwW/kiNTBBwzPfnW5M0pBGinAsZcdGiXIzLBQjnOYVJ5U0wWSAe7SjaYRDKt2suCWH21rpwiAWuiIFC3V6IsOhlMPQ150hVn352xuJf3mdVAVHbsaiJFU0IuNFQcqhiuEoGNhlghLFh5pgIpj+KyR9rKNROr7KdAj/k+audWzZF/u1+ukkjTLYAlWwA2xwCOrgHDRAExBwBx7AE3g27o1H48V4HbeWjMnMJvgB4+0TwCebDQ==</latexit><latexit sha1_base64="Uah0ga9mjaXikOrA/V17w1Thplo=">AAACCnicdVDLSgMxFM3UV62vUZduQovgasj4QF0oBTcuK1hb6AxDJs20oZmHSUYsw+zd+CtuXKi49Qvc+Tem0ypV9MCFk3Pu5eYeP+FMKoQ+jNLM7Nz8QnmxsrS8srpmrm9cyTgVhDZJzGPR9rGknEW0qZjitJ0IikOf05Y/OBv5rRsqJIujSzVMqBviXsQCRrDSkmdW8YkTCEwy55Z5dp458lqo4oHy3JEshLZn1mwLFYDIQns2QgfwW/kiNTBBwzPfnW5M0pBGinAsZcdGiXIzLBQjnOYVJ5U0wWSAe7SjaYRDKt2suCWH21rpwiAWuiIFC3V6IsOhlMPQ150hVn352xuJf3mdVAVHbsaiJFU0IuNFQcqhiuEoGNhlghLFh5pgIpj+KyR9rKNROr7KdAj/k+audWzZF/u1+ukkjTLYAlWwA2xwCOrgHDRAExBwBx7AE3g27o1H48V4HbeWjMnMJvgB4+0TwCebDQ==</latexit><latexit sha1_base64="Uah0ga9mjaXikOrA/V17w1Thplo=">AAACCnicdVDLSgMxFM3UV62vUZduQovgasj4QF0oBTcuK1hb6AxDJs20oZmHSUYsw+zd+CtuXKi49Qvc+Tem0ypV9MCFk3Pu5eYeP+FMKoQ+jNLM7Nz8QnmxsrS8srpmrm9cyTgVhDZJzGPR9rGknEW0qZjitJ0IikOf05Y/OBv5rRsqJIujSzVMqBviXsQCRrDSkmdW8YkTCEwy55Z5dp458lqo4oHy3JEshLZn1mwLFYDIQns2QgfwW/kiNTBBwzPfnW5M0pBGinAsZcdGiXIzLBQjnOYVJ5U0wWSAe7SjaYRDKt2suCWH21rpwiAWuiIFC3V6IsOhlMPQ150hVn352xuJf3mdVAVHbsaiJFU0IuNFQcqhiuEoGNhlghLFh5pgIpj+KyR9rKNROr7KdAj/k+audWzZF/u1+ukkjTLYAlWwA2xwCOrgHDRAExBwBx7AE3g27o1H48V4HbeWjMnMJvgB4+0TwCebDQ==</latexit><latexit sha1_base64="Uah0ga9mjaXikOrA/V17w1Thplo=">AAACCnicdVDLSgMxFM3UV62vUZduQovgasj4QF0oBTcuK1hb6AxDJs20oZmHSUYsw+zd+CtuXKi49Qvc+Tem0ypV9MCFk3Pu5eYeP+FMKoQ+jNLM7Nz8QnmxsrS8srpmrm9cyTgVhDZJzGPR9rGknEW0qZjitJ0IikOf05Y/OBv5rRsqJIujSzVMqBviXsQCRrDSkmdW8YkTCEwy55Z5dp458lqo4oHy3JEshLZn1mwLFYDIQns2QgfwW/kiNTBBwzPfnW5M0pBGinAsZcdGiXIzLBQjnOYVJ5U0wWSAe7SjaYRDKt2suCWH21rpwiAWuiIFC3V6IsOhlMPQ150hVn352xuJf3mdVAVHbsaiJFU0IuNFQcqhiuEoGNhlghLFh5pgIpj+KyR9rKNROr7KdAj/k+audWzZF/u1+ukkjTLYAlWwA2xwCOrgHDRAExBwBx7AE3g27o1H48V4HbeWjMnMJvgB4+0TwCebDQ==</latexit>



Higgs EFT from sigma field
[HML (2018)]
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<latexit sha1_base64="nbbHBM1fMzsoQByx6ZXEyuzmbBs="></latexit><latexit sha1_base64="nbbHBM1fMzsoQByx6ZXEyuzmbBs="></latexit><latexit sha1_base64="nbbHBM1fMzsoQByx6ZXEyuzmbBs="></latexit><latexit sha1_base64="nbbHBM1fMzsoQByx6ZXEyuzmbBs="></latexit>

Integrate out “sigma field” in general sigma models.

Le↵ =
p
�g


1 + ⇠1

r
~�2 � m2

�

�
+ ⇠0~�
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�
R

<latexit sha1_base64="gH1MvpNygUMEoYJr7hqtKBYP7BY="></latexit><latexit sha1_base64="gH1MvpNygUMEoYJr7hqtKBYP7BY="></latexit><latexit sha1_base64="gH1MvpNygUMEoYJr7hqtKBYP7BY="></latexit><latexit sha1_base64="gH1MvpNygUMEoYJr7hqtKBYP7BY="></latexit>

~�2 ⌧ |m2
�|/� :

<latexit sha1_base64="8zPziAvioLo3dp5oR+o8FlRURX4="></latexit><latexit sha1_base64="8zPziAvioLo3dp5oR+o8FlRURX4="></latexit><latexit sha1_base64="8zPziAvioLo3dp5oR+o8FlRURX4="></latexit><latexit sha1_base64="8zPziAvioLo3dp5oR+o8FlRURX4="></latexit>

“Higgs inflation in EFT”

~�2 � |m2
�|/� :

<latexit sha1_base64="jF9W/TVA/jWPMlfOkV+qlWkW0CU="></latexit><latexit sha1_base64="jF9W/TVA/jWPMlfOkV+qlWkW0CU="></latexit><latexit sha1_base64="jF9W/TVA/jWPMlfOkV+qlWkW0CU="></latexit><latexit sha1_base64="jF9W/TVA/jWPMlfOkV+qlWkW0CU="></latexit>

Higgs inflation with non-analytic linear term.

Le↵ =
p
�g


1 + ⇠1

q
~�2 + ⇠0~�

2

�
R

<latexit sha1_base64="3DKnvVat2/Xeov9Np5MjtweV61Q="></latexit><latexit sha1_base64="3DKnvVat2/Xeov9Np5MjtweV61Q="></latexit><latexit sha1_base64="3DKnvVat2/Xeov9Np5MjtweV61Q="></latexit><latexit sha1_base64="3DKnvVat2/Xeov9Np5MjtweV61Q="></latexit>

a
<latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit>

Le↵ =
p
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h
(1 + ⇠0~�

2)R� 1
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i

<latexit sha1_base64="lyNeWrX/GcCZbQhgdNQ4KA1xc48="></latexit><latexit sha1_base64="lyNeWrX/GcCZbQhgdNQ4KA1xc48="></latexit><latexit sha1_base64="lyNeWrX/GcCZbQhgdNQ4KA1xc48="></latexit><latexit sha1_base64="lyNeWrX/GcCZbQhgdNQ4KA1xc48="></latexit>

�e↵ = �� � a�
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: stabilize Higgs vacuum 

a
<latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit>

a
<latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit><latexit sha1_base64="NDBNr/VI29nCyLmjt1ZK5teSso4=">AAAB53icdVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8OKxBWMLbSib7aRdu9mE3Y1QQn+BFw8qXv1L3vw3bj+EWvTBwOO9GWbmhang2rjul1NYWV1b3yhulra2d3b3yvsH9zrJFEOfJSJRrZBqFFyib7gR2EoV0jgU2AyHNxO/+YhK80TemVGKQUz7kkecUWOlBu2WK17VnYK4P8RbJhWYo94tf3Z6CctilIYJqnXbc1MT5FQZzgSOS51MY0rZkPaxbamkMeognx46JidW6ZEoUbakIVN1cSKnsdajOLSdMTUDvexNxL+8dmaiyyDnMs0MSjZbFGWCmIRMviY9rpAZMbKEMsXtrYQNqKLM2GxKiyH8T/yz6lXVa5xXatfzNIpwBMdwCh5cQA1uoQ4+MEB4ghd4dR6cZ+fNeZ+1Fpz5zCH8gvPxDTOSjLc=</latexit>



Inflation dynamics
Take the most general Lagrangian for sigma field + Higgs:

with

Two field dynamics for inflation:

Lp
�g

<latexit sha1_base64="ItB0c2p5Tr07z28vcDWZfRrH8h0=">AAACAnicdVC7SgNBFJ2Nrxhfq3baDAbBxrCbBJM0ErCxsIhgTCC7hNnJbDJk9uHMrBCGBRt/xcZCxdavsPNvnE0iqOiBC4dz7uXee7yYUSEt68PILSwuLa/kVwtr6xubW+b2zrWIEo5JG0cs4l0PCcJoSNqSSka6MSco8BjpeOOzzO/cEi5oFF7JSUzcAA1D6lOMpJb65p7jc4SVcjBi8CJNlSNuuFTHwzTtm0WrZNmVetWCmliVcqWWEbvcOKlCWysZimCOVt98dwYRTgISSsyQED3biqWrEJcUM5IWnESQGOExGpKepiEKiHDV9IcUHmplAP2I6wolnKrfJxQKhJgEnu4MkByJ314m/uX1EunXXUXDOJEkxLNFfsKgjGAWCBxQTrBkE00Q5lTfCvEI6VCkjq2gQ/j6FP5P2uVSo2RfVovN03kaebAPDsARsEENNME5aIE2wOAOPIAn8GzcG4/Gi/E6a80Z85ld8APG2ydw/Jg+</latexit><latexit sha1_base64="ItB0c2p5Tr07z28vcDWZfRrH8h0=">AAACAnicdVC7SgNBFJ2Nrxhfq3baDAbBxrCbBJM0ErCxsIhgTCC7hNnJbDJk9uHMrBCGBRt/xcZCxdavsPNvnE0iqOiBC4dz7uXee7yYUSEt68PILSwuLa/kVwtr6xubW+b2zrWIEo5JG0cs4l0PCcJoSNqSSka6MSco8BjpeOOzzO/cEi5oFF7JSUzcAA1D6lOMpJb65p7jc4SVcjBi8CJNlSNuuFTHwzTtm0WrZNmVetWCmliVcqWWEbvcOKlCWysZimCOVt98dwYRTgISSsyQED3biqWrEJcUM5IWnESQGOExGpKepiEKiHDV9IcUHmplAP2I6wolnKrfJxQKhJgEnu4MkByJ314m/uX1EunXXUXDOJEkxLNFfsKgjGAWCBxQTrBkE00Q5lTfCvEI6VCkjq2gQ/j6FP5P2uVSo2RfVovN03kaebAPDsARsEENNME5aIE2wOAOPIAn8GzcG4/Gi/E6a80Z85ld8APG2ydw/Jg+</latexit><latexit sha1_base64="ItB0c2p5Tr07z28vcDWZfRrH8h0=">AAACAnicdVC7SgNBFJ2Nrxhfq3baDAbBxrCbBJM0ErCxsIhgTCC7hNnJbDJk9uHMrBCGBRt/xcZCxdavsPNvnE0iqOiBC4dz7uXee7yYUSEt68PILSwuLa/kVwtr6xubW+b2zrWIEo5JG0cs4l0PCcJoSNqSSka6MSco8BjpeOOzzO/cEi5oFF7JSUzcAA1D6lOMpJb65p7jc4SVcjBi8CJNlSNuuFTHwzTtm0WrZNmVetWCmliVcqWWEbvcOKlCWysZimCOVt98dwYRTgISSsyQED3biqWrEJcUM5IWnESQGOExGpKepiEKiHDV9IcUHmplAP2I6wolnKrfJxQKhJgEnu4MkByJ314m/uX1EunXXUXDOJEkxLNFfsKgjGAWCBxQTrBkE00Q5lTfCvEI6VCkjq2gQ/j6FP5P2uVSo2RfVovN03kaebAPDsARsEENNME5aIE2wOAOPIAn8GzcG4/Gi/E6a80Z85ld8APG2ydw/Jg+</latexit><latexit sha1_base64="ItB0c2p5Tr07z28vcDWZfRrH8h0=">AAACAnicdVC7SgNBFJ2Nrxhfq3baDAbBxrCbBJM0ErCxsIhgTCC7hNnJbDJk9uHMrBCGBRt/xcZCxdavsPNvnE0iqOiBC4dz7uXee7yYUSEt68PILSwuLa/kVwtr6xubW+b2zrWIEo5JG0cs4l0PCcJoSNqSSka6MSco8BjpeOOzzO/cEi5oFF7JSUzcAA1D6lOMpJb65p7jc4SVcjBi8CJNlSNuuFTHwzTtm0WrZNmVetWCmliVcqWWEbvcOKlCWysZimCOVt98dwYRTgISSsyQED3biqWrEJcUM5IWnESQGOExGpKepiEKiHDV9IcUHmplAP2I6wolnKrfJxQKhJgEnu4MkByJ314m/uX1EunXXUXDOJEkxLNFfsKgjGAWCBxQTrBkE00Q5lTfCvEI6VCkjq2gQ/j6FP5P2uVSo2RfVovN03kaebAPDsARsEENNME5aIE2wOAOPIAn8GzcG4/Gi/E6a80Z85ld8APG2ydw/Jg+</latexit>

�<latexit sha1_base64="QS/R/nDnl/RCmsjs0qochCjNryQ=">AAAB53icdVBNS8NAEN34WetX1aOXxSJ4sSRtse1FCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xk1bQUUfDDzem2Fmnh9zprRtf1grq2vrG5u5rfz2zu7efuHg8FZFiaTg0ohHsusTBZwJcDXTHLqxBBL6HDr+5CrzO/cgFYvEjZ7G4IVkJFjAKNFGap8PCkW7ZDuVetXGhtiVcqWWEafcuKhixygZimiJ1qDw3h9GNAlBaMqJUj3HjrWXEqkZ5TDL9xMFMaETMoKeoYKEoLx0fugMnxpliINImhIaz9XvEykJlZqGvukMiR6r314m/uX1Eh3UvZSJONEg6GJRkHCsI5x9jYdMAtV8agihkplbMR0TSag22eRNCF+f4v+JWy41Sk67WmxeLtPIoWN0gs6Qg2qoia5RC7mIIkAP6Ak9W3fWo/VivS5aV6zlzBH6AevtEy4ijLY=</latexit><latexit sha1_base64="QS/R/nDnl/RCmsjs0qochCjNryQ=">AAAB53icdVBNS8NAEN34WetX1aOXxSJ4sSRtse1FCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xk1bQUUfDDzem2Fmnh9zprRtf1grq2vrG5u5rfz2zu7efuHg8FZFiaTg0ohHsusTBZwJcDXTHLqxBBL6HDr+5CrzO/cgFYvEjZ7G4IVkJFjAKNFGap8PCkW7ZDuVetXGhtiVcqWWEafcuKhixygZimiJ1qDw3h9GNAlBaMqJUj3HjrWXEqkZ5TDL9xMFMaETMoKeoYKEoLx0fugMnxpliINImhIaz9XvEykJlZqGvukMiR6r314m/uX1Eh3UvZSJONEg6GJRkHCsI5x9jYdMAtV8agihkplbMR0TSag22eRNCF+f4v+JWy41Sk67WmxeLtPIoWN0gs6Qg2qoia5RC7mIIkAP6Ak9W3fWo/VivS5aV6zlzBH6AevtEy4ijLY=</latexit><latexit sha1_base64="QS/R/nDnl/RCmsjs0qochCjNryQ=">AAAB53icdVBNS8NAEN34WetX1aOXxSJ4sSRtse1FCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xk1bQUUfDDzem2Fmnh9zprRtf1grq2vrG5u5rfz2zu7efuHg8FZFiaTg0ohHsusTBZwJcDXTHLqxBBL6HDr+5CrzO/cgFYvEjZ7G4IVkJFjAKNFGap8PCkW7ZDuVetXGhtiVcqWWEafcuKhixygZimiJ1qDw3h9GNAlBaMqJUj3HjrWXEqkZ5TDL9xMFMaETMoKeoYKEoLx0fugMnxpliINImhIaz9XvEykJlZqGvukMiR6r314m/uX1Eh3UvZSJONEg6GJRkHCsI5x9jYdMAtV8agihkplbMR0TSag22eRNCF+f4v+JWy41Sk67WmxeLtPIoWN0gs6Qg2qoia5RC7mIIkAP6Ak9W3fWo/VivS5aV6zlzBH6AevtEy4ijLY=</latexit><latexit sha1_base64="QS/R/nDnl/RCmsjs0qochCjNryQ=">AAAB53icdVBNS8NAEN34WetX1aOXxSJ4sSRtse1FCl48tmBsoQ1ls520azebsLsRSugv8OJBxat/yZv/xk1bQUUfDDzem2Fmnh9zprRtf1grq2vrG5u5rfz2zu7efuHg8FZFiaTg0ohHsusTBZwJcDXTHLqxBBL6HDr+5CrzO/cgFYvEjZ7G4IVkJFjAKNFGap8PCkW7ZDuVetXGhtiVcqWWEafcuKhixygZimiJ1qDw3h9GNAlBaMqJUj3HjrWXEqkZ5TDL9xMFMaETMoKeoYKEoLx0fugMnxpliINImhIaz9XvEykJlZqGvukMiR6r314m/uX1Eh3UvZSJONEg6GJRkHCsI5x9jYdMAtV8agihkplbMR0TSag22eRNCF+f4v+JWy41Sk67WmxeLtPIoWN0gs6Qg2qoia5RC7mIIkAP6Ak9W3fWo/VivS5aV6zlzBH6AevtEy4ijLY=</latexit>

with

Scale-free limit: 
mass terms irrelevant.



Single-field inflation
Stabilize the tau field:

Inflaton is Higgs-sigma mixed or sigma-field only. 

Effective Lagrangian for single-field inflation:

(no unitarity problem)

extra terms

Unstable Higgs vacuum 



Deviation from Higgs inflation

Tensor-to-scalar ratio testable at future CMB experiments.

The higher unitarity scale, the more deviation up to r=0.01. 

Higgs inflation



Conclusions
• Higgs inflation needs a UV completion, for which 

the general form of sigma models is proposed.

• Large linear non-minimal coupling of the sigma field 
leads to sizable deviation in the tensor mode up to 
r=0.01 from Higgs inflation.

• Light sigma field (inflaton) could play a role for 
electroweak phase transition and Higgs production.

• Sigma field coupling to Higgs can solve vacuum 
instability problem as well as unitarize Higgs inflation.


