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The size of the Universe 

The mass of all known particles 

THIS IS THE CASE FOR … 



It is fair to say that we do not understand them at all 



In our current theory of Nature we cannot compute them, but we can 
estimate them using symmetry (i.e. dimensional analysis) 



Estimated size of the Universe 

Estimated mass of the heaviest particle 
<latexit sha1_base64="PehL/2lYKZ6CWCxJIQ7IDkm6lgY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpKI1IKbohuXFewDmlgm00k7dGYSZyZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPEDOqtON8WwuLS8srq4W14vrG5ta2vbPbVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsYXo391gORikbiVo9i4nPUFzSkGGkjde19T1FO7qHr3KUn1cy7gKknORz2s65dcsrOBHCeuDkpgRz1rv3l9SKccCI0ZkipjuvE2k+R1BQzkhW9RJEY4SHqk46hAnGi/HTyQgaPjNKDYSRNCQ0n6u+JFHGlRjwwnRzpgZr1xuJ/XifRYdVPqYgTTQSeLgoTBnUEx3nAHpUEazYyBGFJza0QD5BEWJvUiiYEd/bledI8LbuVcuXmrFS7zOMogANwCI6BC85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gCKHJZD</latexit>

' 10�8 kg

<latexit sha1_base64="w9DLCZ7/aDL3U2ZVsCTEqGCZYhQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZH1VwU3TjsoJ9QGcsmTRtQ5PMmGSEMgxu/BU3LhRx61e4829M21lo64ELh3Pu5d57gohRpR3n28rNzS8sLuWXCyura+sb9uZWXYWxxKSGQxbKZoAUYVSQmqaakWYkCeIBI41gcDXyGw9EKhqKWz2MiM9RT9AuxUgbqW3veIpycg9d5y45PD5NvQuYeJJDnrbtolNyxoCzxM1IEWSotu0vrxPimBOhMUNKtVwn0n6CpKaYkbTgxYpECA9Qj7QMFYgT5SfjF1K4b5QO7IbSlNBwrP6eSBBXasgD08mR7qtpbyT+57Vi3T33EyqiWBOBJ4u6MYM6hKM8YIdKgjUbGoKwpOZWiPtIIqxNagUTgjv98iypH5Xccql8c1KsXGZx5MEu2AMHwAVnoAKuQRXUAAaP4Bm8gjfryXqx3q2PSWvOyma2wR9Ynz83+ZYO</latexit>

' 10�35 m



<latexit sha1_base64="2ffKdcNoEImpniexKc2KGDEefWQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGdlpwU3TjsoJ9QFtLJk3b0GRmSDKFMsyfuHGhiFv/xJ1/Y/oQVPTAhcM593LvPUHMmdIIfVi5tfWNza38dmFnd2//wD48aqookYQ2SMQj2Q6wopyFtKGZ5rQdS4pFwGkrmFzP/daUSsWi8E7PYtoTeBSyISNYG6lv2y66T71K1r1Mu1JAkfXtInIu3JJb9iByyh6qViuGVH2/7CLoOmiBIlih3rffu4OIJIKGmnCsVMdFse6lWGpGOM0K3UTRGJMJHtGOoSEWVPXSxeUZPDPKAA4jaSrUcKF+n0ixUGomAtMpsB6r395c/MvrJHpY7aUsjBNNQ7JcNEw41BGcxwAHTFKi+cwQTCQzt0IyxhITbcIqmBC+PoX/k6bnuL7j35aKtatVHHlwAk7BOXBBBdTADaiDBiBgCh7AE3i2UuvRerFel605azVzDH7AevsErHGTFQ==</latexit>

1027 m

<latexit sha1_base64="Nqq/ED0g+zvM5dgt+OtJ8gpFSas=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgxaFnzDLgJejFYwSzQBJDT6cnadKz0N0jhmF+xYsHRbz6I978GzuLoKIPCh7vVVFVz4s5kwqhDyO3srq2vpHfLGxt7+zumfvFlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17k8uZ376jQrIovFHTmPYDPAqZzwhWWhqYRRvdpqdOJeudpz0RwMkoG5glZJ3ZZbviQGRVHOS6NU3carViI2hbaI4SWKIxMN97w4gkAQ0V4VjKro1i1U+xUIxwmhV6iaQxJhM8ol1NQxxQ2U/nt2fwWCtD6EdCV6jgXP0+keJAymng6c4Aq7H87c3Ev7xuony3n7IwThQNyWKRn3CoIjgLAg6ZoETxqSaYCKZvhWSMBSZKx1XQIXx9Cv8nLceyq1b1ulyqXyzjyINDcAROgA1qoA6uQAM0AQH34AE8gWcjMx6NF+N10ZozljMH4AeMt0/ZzpO5</latexit>

10�25 kg

Size of the observable Universe 

Mass of the heaviest particle 



Estimate

<latexit sha1_base64="PehL/2lYKZ6CWCxJIQ7IDkm6lgY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpKI1IKbohuXFewDmlgm00k7dGYSZyZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPEDOqtON8WwuLS8srq4W14vrG5ta2vbPbVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsYXo391gORikbiVo9i4nPUFzSkGGkjde19T1FO7qHr3KUn1cy7gKknORz2s65dcsrOBHCeuDkpgRz1rv3l9SKccCI0ZkipjuvE2k+R1BQzkhW9RJEY4SHqk46hAnGi/HTyQgaPjNKDYSRNCQ0n6u+JFHGlRjwwnRzpgZr1xuJ/XifRYdVPqYgTTQSeLgoTBnUEx3nAHpUEazYyBGFJza0QD5BEWJvUiiYEd/bledI8LbuVcuXmrFS7zOMogANwCI6BC85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gCKHJZD</latexit>

' 10�8 kg

<latexit sha1_base64="w9DLCZ7/aDL3U2ZVsCTEqGCZYhQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZH1VwU3TjsoJ9QGcsmTRtQ5PMmGSEMgxu/BU3LhRx61e4829M21lo64ELh3Pu5d57gohRpR3n28rNzS8sLuWXCyura+sb9uZWXYWxxKSGQxbKZoAUYVSQmqaakWYkCeIBI41gcDXyGw9EKhqKWz2MiM9RT9AuxUgbqW3veIpycg9d5y45PD5NvQuYeJJDnrbtolNyxoCzxM1IEWSotu0vrxPimBOhMUNKtVwn0n6CpKaYkbTgxYpECA9Qj7QMFYgT5SfjF1K4b5QO7IbSlNBwrP6eSBBXasgD08mR7qtpbyT+57Vi3T33EyqiWBOBJ4u6MYM6hKM8YIdKgjUbGoKwpOZWiPtIIqxNagUTgjv98iypH5Xccql8c1KsXGZx5MEu2AMHwAVnoAKuQRXUAAaP4Bm8gjfryXqx3q2PSWvOyma2wR9Ynz83+ZYO</latexit>

' 10�35 m

<latexit sha1_base64="Nqq/ED0g+zvM5dgt+OtJ8gpFSas=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgxaFnzDLgJejFYwSzQBJDT6cnadKz0N0jhmF+xYsHRbz6I978GzuLoKIPCh7vVVFVz4s5kwqhDyO3srq2vpHfLGxt7+zumfvFlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17k8uZ376jQrIovFHTmPYDPAqZzwhWWhqYRRvdpqdOJeudpz0RwMkoG5glZJ3ZZbviQGRVHOS6NU3carViI2hbaI4SWKIxMN97w4gkAQ0V4VjKro1i1U+xUIxwmhV6iaQxJhM8ol1NQxxQ2U/nt2fwWCtD6EdCV6jgXP0+keJAymng6c4Aq7H87c3Ev7xuony3n7IwThQNyWKRn3CoIjgLAg6ZoETxqSaYCKZvhWSMBSZKx1XQIXx9Cv8nLceyq1b1ulyqXyzjyINDcAROgA1qoA6uQAM0AQH34AE8gWcjMx6NF+N10ZozljMH4AeMt0/ZzpO5</latexit>

10�25 kg

<latexit sha1_base64="2ffKdcNoEImpniexKc2KGDEefWQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGdlpwU3TjsoJ9QFtLJk3b0GRmSDKFMsyfuHGhiFv/xJ1/Y/oQVPTAhcM593LvPUHMmdIIfVi5tfWNza38dmFnd2//wD48aqookYQ2SMQj2Q6wopyFtKGZ5rQdS4pFwGkrmFzP/daUSsWi8E7PYtoTeBSyISNYG6lv2y66T71K1r1Mu1JAkfXtInIu3JJb9iByyh6qViuGVH2/7CLoOmiBIlih3rffu4OIJIKGmnCsVMdFse6lWGpGOM0K3UTRGJMJHtGOoSEWVPXSxeUZPDPKAA4jaSrUcKF+n0ixUGomAtMpsB6r395c/MvrJHpY7aUsjBNNQ7JcNEw41BGcxwAHTFKi+cwQTCQzt0IyxhITbcIqmBC+PoX/k6bnuL7j35aKtatVHHlwAk7BOXBBBdTADaiDBiBgCh7AE3i2UuvRerFel605azVzDH7AevsErHGTFQ==</latexit>

1027 m

Measurement



?



The mass of all known particles

Cosmological Constant

Higgs boson mass

The size of the Universe



The mass of all known particles

Cosmological Constant

Higgs boson mass

The size of the Universe
<latexit sha1_base64="ZFvbXFEPt7tXbGIUcENc6+fJ52k=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyWRUt0IRRFcuKhgH5DGMplM2qGTBzMToYZ+iRsXirj1U9z5N07bLLT1wMDhnHO5d46XcCaVZX0bhZXVtfWN4mZpa3tnt2zu7bdlnApCWyTmseh6WFLOItpSTHHaTQTFocdpxxtdTf3OIxWSxdG9GifUDfEgYgEjWGmpb5Z7tzrsY3SBnOuHmts3K1bVmgEtEzsnFcjR7JtfPT8maUgjRTiW0rGtRLkZFooRTielXippgskID6ijaYRDKt1sdvgEHWvFR0Es9IsUmqm/JzIcSjkOPZ0MsRrKRW8q/uc5qQrO3YxFSapoROaLgpQjFaNpC8hnghLFx5pgIpi+FZEhFpgo3VVJl2AvfnmZtE+rdr1av6tVGpd5HUU4hCM4ARvOoAE30IQWEEjhGV7hzXgyXox342MeLRj5zAH8gfH5A+QRkfU=</latexit>

⇤ = [E4]

<latexit sha1_base64="j6MoEvR9qJeDGXekM8PZDgtEzQM=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVC9CUQSPFewHpGnZbDft0t0k7m4KJfR3ePGgiFd/jDf/jds2B219MPB4b4aZeX7MmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVNFiSS0QSIeybaPFeUspA3NNKftWFIsfE5b/uh25rfGVCoWhY96ElNP4EHIAkawNpInesNuBV0j965b8XrFkl2250CrxMlICTLUe8WvTj8iiaChJhwr5Tp2rL0US80Ip9NCJ1E0xmSEB9Q1NMSCKi+dHz1FZ0bpoyCSpkKN5urviRQLpSbCN50C66Fa9mbif56b6ODKS1kYJ5qGZLEoSDjSEZolgPpMUqL5xBBMJDO3IjLEEhNtciqYEJzll1dJs1J2quXqw0WpdpPFkYcTOIVzcOASanAPdWgAgSd4hld4s8bWi/VufSxac1Y2cwx/YH3+AMv2kNU=</latexit>

m2
h = [E2]

<latexit sha1_base64="xhbGbIoQhVX5e6MZZxy7T6OQk1w=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqW6EohuXFewD2lAm00kzdDIJMxMhhn6JGxeKuPVT3Pk3TtsstPXAhcM59965c/yEM6Ud59sqra1vbG6Vtys7u3v7VfvgsKPiVBLaJjGPZc/HinImaFszzWkvkRRHPqddf3I787uPVCoWiwedJdSL8FiwgBGsjTS0q4NQcaxCdI2IKXdo15y6MwdaJW5BalCgNbS/BqOYpBEVmphFqu86ifZyLDUjnE4rg1TRBJMJHtO+oQJHVHn5/PApOjXKCAWxNCU0mqu/J3IcKZVFvumMsA7VsjcT//P6qQ6uvJyJJNVUkMVDQcqRjtEsBTRikhLNM0MwkczcikiIJSbaZFUxIbjLX14lnfO626g37i9qzZsijjIcwwmcgQuX0IQ7aEEbCKTwDK/wZj1ZL9a79bFoLVnFzBH8gfX5A4tqkbk=</latexit>

} = c = 1



ALL KNOWN SYMMETRIES OF NATURE

<latexit sha1_base64="lVGz9yglluou7hQADD4i+eSyZG8=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSyCq5IUqS6LIrisYB/QpGEynbRDZyZhZiKWUDf+ihsXirj1L9z5N07bLLT1wIXDOfdy7z1hwqjSjvNtLS2vrK6tFzaKm1vbO7v23n5TxanEpIFjFst2iBRhVJCGppqRdiIJ4iEjrXB4NfFb90QqGos7PUqIz1Ff0IhipI0U2Ic8GHQr0FOUw+sg8ySHHD2Mu5XALjllZwq4SNyclECOemB/eb0Yp5wIjRlSquM6ifYzJDXFjIyLXqpIgvAQ9UnHUIE4UX42/WAMT4zSg1EsTQkNp+rviQxxpUY8NJ0c6YGa9ybif14n1dGFn1GRpJoIPFsUpQzqGE7igD0qCdZsZAjCkppbIR4gibA2oRVNCO78y4ukWSm71XL19qxUu8zjKIAjcAxOgQvOQQ3cgDpoAAwewTN4BW/Wk/VivVsfs9YlK585AH9gff4AMuOWHA==</latexit>

m2
h ⇠ E2

max

<latexit sha1_base64="IjC4H/0mwi7Q3K3R9vQCnFleiUw=">AAACA3icbVDLSgMxFM34rPU16k43wSK4KjNSqsuiCC5cVLAP6IxDJpO2oUlmSDJiGQpu/BU3LhRx60+4829M21lo64HA4ZxzubknTBhV2nG+rYXFpeWV1cJacX1jc2vb3tltqjiVmDRwzGLZDpEijArS0FQz0k4kQTxkpBUOLsZ+655IRWNxq4cJ8TnqCdqlGGkjBfa+d23CEYKeohxeBpknOeToYXRXCeySU3YmgPPEzUkJ5KgH9pcXxTjlRGjMkFId10m0nyGpKWZkVPRSRRKEB6hHOoYKxInys8kNI3hklAh2Y2me0HCi/p7IEFdqyEOT5Ej31aw3Fv/zOqnunvkZFUmqicDTRd2UQR3DcSEwopJgzYaGICyp+SvEfSQR1qa2oinBnT15njRPym61XL2plGrneR0FcAAOwTFwwSmogStQBw2AwSN4Bq/gzXqyXqx362MaXbDymT3wB9bnD9z1lws=</latexit>

⇤ ⇠ E4
max



Largest known energy scale
<latexit sha1_base64="9GG2u6T65V7J7v848NGLWNCwuOA=">AAAB8XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FL16ECvYD26Vk02wbmmSXJCuUpf/CiwdFvPpvvPlvTNs9aPXBwOO9GWbmhYngxnreFyqsrK6tbxQ3S1vbO7t75f2DlolTTVmTxiLWnZAYJrhiTcutYJ1EMyJDwdrh+Hrmtx+ZNjxW93aSsECSoeIRp8Q66eG2n/W0xA0x7ZcrXtWbA/8lfk4qkKPRL3/2BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn84ik+ccoAR7F2pSyeqz8nMiKNmcjQdUpiR2bZm4n/ed3URpdBxlWSWqboYlGUCmxjPHsfD7hm1IqJI4Rq7m7FdEQ0odaFVHIh+Msv/yWts6pfq9buziv1qzyOIhzBMZyCDxdQhxtoQBMoKHiCF3hFBj2jN/S+aC2gfOYQfgF9fAM4mJCk</latexit>

MPl



<latexit sha1_base64="r74bBk4Yk2000tjN7q1H6DaR5o8=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEV2VGSnVZdONCoYJ9QGccMplMG5pkhiQjlKG48VfcuFDErV/hzr8xfSy09UDgcM653NwTpowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKskkJk2csER2QqQIo4I0NdWMdFJJEA8ZaYeDy7HffiBS0UTc6WFKfI56gsYUI22kwD7wrk04QtBTlMObIPckhw02uq8GdtmpOBPAReLOSBnM0AjsLy9KcMaJ0Jghpbquk2o/R1JTzMio5GWKpAgPUI90DRWIE+XnkxNG8NgoEYwTaZ7QcKL+nsgRV2rIQ5PkSPfVvDcW//O6mY7P/ZyKNNNE4OmiOGNQJ3DcB4yoJFizoSEIS2r+CnEfSYS1aa1kSnDnT14krdOKW6vUbqvl+sWsjiI4BEfgBLjgDNTBFWiAJsDgETyDV/BmPVkv1rv1MY0WrNnMPvgD6/MH6X6Wfw==</latexit>

⇤ ⇠ M4
Pl

<latexit sha1_base64="0HO8mzmepzjiWBcg6q96FpFMAwI=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJWkSHVZdONGqGAf0KRhMp20Q2cmYWYilJCNv+LGhSJu/Qx3/o3TNgttPXDhcM693HtPmDCqtON8Wyura+sbm6Wt8vbO7t6+fXDYVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc30z9ziORisbiQU8S4nM0FDSiGGkjBfYxD0b9GvQU5fAuyDzJYZPl/VpgV5yqMwNcJm5BKqBAM7C/vEGMU06Exgwp1XOdRPsZkppiRvKylyqSIDxGQ9IzVCBOlJ/NHsjhmVEGMIqlKaHhTP09kSGu1ISHppMjPVKL3lT8z+ulOrryMyqSVBOB54uilEEdw2kacEAlwZpNDEFYUnMrxCMkEdYms7IJwV18eZm0a1W3Xq3fX1Qa10UcJXACTsE5cMElaIBb0AQtgEEOnsEreLOerBfr3fqYt65YxcwR+APr8wdASZWQ</latexit>

m2
h ⇠ M2

Pl

ALL KNOWN SYMMETRIES OF NATURE



Estimate

<latexit sha1_base64="PehL/2lYKZ6CWCxJIQ7IDkm6lgY=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgxpKI1IKbohuXFewDmlgm00k7dGYSZyZCCcGNv+LGhSJu/Qp3/o3TNgttPXDhcM693HtPEDOqtON8WwuLS8srq4W14vrG5ta2vbPbVFEiMWngiEWyHSBFGBWkoalmpB1LgnjASCsYXo391gORikbiVo9i4nPUFzSkGGkjde19T1FO7qHr3KUn1cy7gKknORz2s65dcsrOBHCeuDkpgRz1rv3l9SKccCI0ZkipjuvE2k+R1BQzkhW9RJEY4SHqk46hAnGi/HTyQgaPjNKDYSRNCQ0n6u+JFHGlRjwwnRzpgZr1xuJ/XifRYdVPqYgTTQSeLgoTBnUEx3nAHpUEazYyBGFJza0QD5BEWJvUiiYEd/bledI8LbuVcuXmrFS7zOMogANwCI6BC85BDVyDOmgADB7BM3gFb9aT9WK9Wx/T1gUrn9kDf2B9/gCKHJZD</latexit>

' 10�8 kg

<latexit sha1_base64="w9DLCZ7/aDL3U2ZVsCTEqGCZYhQ=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEN5YZH1VwU3TjsoJ9QGcsmTRtQ5PMmGSEMgxu/BU3LhRx61e4829M21lo64ELh3Pu5d57gohRpR3n28rNzS8sLuWXCyura+sb9uZWXYWxxKSGQxbKZoAUYVSQmqaakWYkCeIBI41gcDXyGw9EKhqKWz2MiM9RT9AuxUgbqW3veIpycg9d5y45PD5NvQuYeJJDnrbtolNyxoCzxM1IEWSotu0vrxPimBOhMUNKtVwn0n6CpKaYkbTgxYpECA9Qj7QMFYgT5SfjF1K4b5QO7IbSlNBwrP6eSBBXasgD08mR7qtpbyT+57Vi3T33EyqiWBOBJ4u6MYM6hKM8YIdKgjUbGoKwpOZWiPtIIqxNagUTgjv98iypH5Xccql8c1KsXGZx5MEu2AMHwAVnoAKuQRXUAAaP4Bm8gjfryXqx3q2PSWvOyma2wR9Ynz83+ZYO</latexit>

' 10�35 m

<latexit sha1_base64="Nqq/ED0g+zvM5dgt+OtJ8gpFSas=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgxaFnzDLgJejFYwSzQBJDT6cnadKz0N0jhmF+xYsHRbz6I978GzuLoKIPCh7vVVFVz4s5kwqhDyO3srq2vpHfLGxt7+zumfvFlowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17k8uZ376jQrIovFHTmPYDPAqZzwhWWhqYRRvdpqdOJeudpz0RwMkoG5glZJ3ZZbviQGRVHOS6NU3carViI2hbaI4SWKIxMN97w4gkAQ0V4VjKro1i1U+xUIxwmhV6iaQxJhM8ol1NQxxQ2U/nt2fwWCtD6EdCV6jgXP0+keJAymng6c4Aq7H87c3Ev7xuony3n7IwThQNyWKRn3CoIjgLAg6ZoETxqSaYCKZvhWSMBSZKx1XQIXx9Cv8nLceyq1b1ulyqXyzjyINDcAROgA1qoA6uQAM0AQH34AE8gWcjMx6NF+N10ZozljMH4AeMt0/ZzpO5</latexit>

10�25 kg

<latexit sha1_base64="2ffKdcNoEImpniexKc2KGDEefWQ=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWTGdlpwU3TjsoJ9QFtLJk3b0GRmSDKFMsyfuHGhiFv/xJ1/Y/oQVPTAhcM593LvPUHMmdIIfVi5tfWNza38dmFnd2//wD48aqookYQ2SMQj2Q6wopyFtKGZ5rQdS4pFwGkrmFzP/daUSsWi8E7PYtoTeBSyISNYG6lv2y66T71K1r1Mu1JAkfXtInIu3JJb9iByyh6qViuGVH2/7CLoOmiBIlih3rffu4OIJIKGmnCsVMdFse6lWGpGOM0K3UTRGJMJHtGOoSEWVPXSxeUZPDPKAA4jaSrUcKF+n0ixUGomAtMpsB6r395c/MvrJHpY7aUsjBNNQ7JcNEw41BGcxwAHTFKi+cwQTCQzt0IyxhITbcIqmBC+PoX/k6bnuL7j35aKtatVHHlwAk7BOXBBBdTADaiDBiBgCh7AE3i2UuvRerFel605azVzDH7AevsErHGTFQ==</latexit>

1027 m

Measurement



?



ALL KNOWN SYMMETRIES OF NATURE

<latexit sha1_base64="Uo/2vmRnfoTNX4bo0NckemGwS1U=">AAACEXicbVBLSwMxGMzWV62vVY9egkWoCMtuKdWLUPTiQaGCfUB3XbLZbBuafZBkhbL0L3jxr3jxoIhXb978N6btHrR1IGGYmY/kGy9hVEjT/NYKS8srq2vF9dLG5tb2jr671xZxyjFp4ZjFvOshQRiNSEtSyUg34QSFHiMdb3g58TsPhAsaR3dylBAnRP2IBhQjqSRXr9jXKuwjeA5v3MzmIWyy8X0NVrBrwROI3aq6DcM4dvWyaZhTwEVi5aQMcjRd/cv2Y5yGJJKYISF6lplIJ0NcUszIuGSngiQID1Gf9BSNUEiEk003GsMjpfgwiLk6kYRT9fdEhkIhRqGnkiGSAzHvTcT/vF4qgzMno1GSShLh2UNByqCM4aQe6FNOsGQjRRDmVP0V4gHiCEtVYkmVYM2vvEjaVcOqG/XbWrlxkddRBAfgEFSABU5BA1yBJmgBDB7BM3gFb9qT9qK9ax+zaEHLZ/bBH2ifPyQDmWU=</latexit>

⇤ = M4
Pl(c1 + c2 + ...)

<latexit sha1_base64="CMmJyh7CPJXcm1amnNtN3sgx03M=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCMNMkepGKLpxI1SwD2jHIZOmbWiSGZKMUIb+gRt/xY0LRdy6deffmLaz0OqBhJNz7uXmnjBmVGnX/bJyC4tLyyv51cLa+sbmlr2901BRIjGp44hFshUiRRgVpK6pZqQVS4J4yEgzHF5O/OY9kYpG4laPYuJz1Be0RzHSRgrsQx4M7srwHF4HaUdyWGNj8yyhwIPHEAVlczuOcxTYRddxp4B/iZeRIshQC+zPTjfCCSdCY4aUanturP0USU0xI+NCJ1EkRniI+qRtqECcKD+d7jOGB0bpwl4kzREaTtWfHSniSo14aCo50gM1703E/7x2ontnfkpFnGgi8GxQL2FQR3ASDuxSSbBmI0MQltT8FeIBkghrE2HBhODNr/yXNMqOV3EqNyfF6kUWRx7sgX1QAh44BVVwBWqgDjB4AE/gBbxaj9az9Wa9z0pzVtazC37B+vgGZ2iYcg==</latexit>

m2
h = M2

Pl(a1 + a2 + ...)



<latexit sha1_base64="8vXPbsmT8/QYdO8slDICl2RikRY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJSHUjFN24s4J9QBvCZDpph04ezEyEGoq/4saFIm79D3f+jZM2C209MHA4517umePFnEllWd9GYWl5ZXWtuF7a2Nza3jF391oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uM7/9QIVkUXivxjF1AjwImc8IVlpyzQPiMnSJegFWQ4J5ejup2CeuWbaq1hRokdg5KUOOhmt+9foRSQIaKsKxlF3bipWTYqEY4XRS6iWSxpiM8IB2NQ1xQKWTTtNP0LFW+siPhH6hQlP190aKAynHgacns5Ry3svE/7xuovwLJ2VhnCgaktkhP+FIRSirAvWZoETxsSaYCKazIjLEAhOlCyvpEuz5Ly+S1mnVrlVrd2fl+lVeRxEO4QgqYMM51OEGGtAEAo/wDK/wZjwZL8a78TEbLRj5zj78gfH5A8C0lCU=</latexit>

ci = O(1)
<latexit sha1_base64="BtgIg17WgCDF0F9mfOfU4HUgugY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJSHUjFN24s4J9QBvCZDpph04ezEyEGoq/4saFIm79D3f+jZM2C209MHA4517umePFnEllWd9GYWl5ZXWtuF7a2Nza3jF391oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uM7/9QIVkUXivxjF1AjwImc8IVlpyzQPsMnSJegFWQ4J5ejup2CeuWbaq1hRokdg5KUOOhmt+9foRSQIaKsKxlF3bipWTYqEY4XRS6iWSxpiM8IB2NQ1xQKWTTtNP0LFW+siPhH6hQlP190aKAynHgacns5Ry3svE/7xuovwLJ2VhnCgaktkhP+FIRSirAvWZoETxsSaYCKazIjLEAhOlCyvpEuz5Ly+S1mnVrlVrd2fl+lVeRxEO4QgqYMM51OEGGtAEAo/wDK/wZjwZL8a78TEbLRj5zj78gfH5A72GlCM=</latexit>

ai = O(1)

Dimensional Analysis



<latexit sha1_base64="8vXPbsmT8/QYdO8slDICl2RikRY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJSHUjFN24s4J9QBvCZDpph04ezEyEGoq/4saFIm79D3f+jZM2C209MHA4517umePFnEllWd9GYWl5ZXWtuF7a2Nza3jF391oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uM7/9QIVkUXivxjF1AjwImc8IVlpyzQPiMnSJegFWQ4J5ejup2CeuWbaq1hRokdg5KUOOhmt+9foRSQIaKsKxlF3bipWTYqEY4XRS6iWSxpiM8IB2NQ1xQKWTTtNP0LFW+siPhH6hQlP190aKAynHgacns5Ry3svE/7xuovwLJ2VhnCgaktkhP+FIRSirAvWZoETxsSaYCKazIjLEAhOlCyvpEuz5Ly+S1mnVrlVrd2fl+lVeRxEO4QgqYMM51OEGGtAEAo/wDK/wZjwZL8a78TEbLRj5zj78gfH5A8C0lCU=</latexit>

ci = O(1)
<latexit sha1_base64="BtgIg17WgCDF0F9mfOfU4HUgugY=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJSHUjFN24s4J9QBvCZDpph04ezEyEGoq/4saFIm79D3f+jZM2C209MHA4517umePFnEllWd9GYWl5ZXWtuF7a2Nza3jF391oySgShTRLxSHQ8LClnIW0qpjjtxILiwOO07Y2uM7/9QIVkUXivxjF1AjwImc8IVlpyzQPsMnSJegFWQ4J5ejup2CeuWbaq1hRokdg5KUOOhmt+9foRSQIaKsKxlF3bipWTYqEY4XRS6iWSxpiM8IB2NQ1xQKWTTtNP0LFW+siPhH6hQlP190aKAynHgacns5Ry3svE/7xuovwLJ2VhnCgaktkhP+FIRSirAvWZoETxsSaYCKazIjLEAhOlCyvpEuz5Ly+S1mnVrlVrd2fl+lVeRxEO4QgqYMM51OEGGtAEAo/wDK/wZjwZL8a78TEbLRj5zj78gfH5A72GlCM=</latexit>

ai = O(1)

Dimensional Analysis

Measurement
<latexit sha1_base64="Ah+cD2LxxQugr4XV2AGf6ivbQZY=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFqBSHZLTTbgTRjUsF+4B2HDJpqsHMgyQjlKEbf8WNC0Xc+hnu/BvTh6CiBy4czrmXe+8JEsGVRujDys3Mzs0v5BcLS8srq2vF9Y2milNJWYPGIpbtgCgmeMQammvB2olkJAwEawW3pyO/dcek4nF0qQcJ80JyHfE+p0QbyS9ulamPK9R3KrZt7x1hdJXtYwcN/WIJ2Qf4EFcdiOyqg+r1miF1161iBLGNxiiBKc794nu3F9M0ZJGmgijVwSjRXkak5lSwYaGbKpYQekuuWcfQiIRMedn4gSHcNUoP9mNpKtJwrH6fyEio1CAMTGdI9I367Y3Ev7xOqvt1L+NRkmoW0cmifiqgjuEoDdjjklEtBoYQKrm5FdIbIgnVJrOCCeHrU/g/aTo2dm334rB0fDKNIw+2wQ4oAwxq4BicgXPQABQMwQN4As/WvfVovVivk9acNZ3ZBD9gvX0CSseTsA==</latexit>

(c1 + c2 + ...) = 10�120

<latexit sha1_base64="TVMV6GBQA0CHwNcm1wl4jJ3en6k=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAISnFIps+NUHTjsoLVQq1DJk3b0MyDJCOUsQt/xY0LRdz6G+78G9OHoKIHLhzOuZd77/EiwZVG6MNKzc0vLC6llzMrq2vrG9nNrUsVxpKyBg1FKJseUUzwgDU014I1I8mI7wl25Q1Ox/7VLZOKh8GFHkas7ZNewLucEm0kN7tzQFycJ66Tt2378Bijm+SoUBy52RyyC7iISw5EdslB1WrFkGq5XMIIYhtNkAMz1N3s+3UnpLHPAk0FUaqFUaTbCZGaU8FGmetYsYjQAemxlqEB8ZlqJ5P7R3DfKB3YDaWpQMOJ+n0iIb5SQ98znT7RffXbG4t/ea1Yd6vthAdRrFlAp4u6sYA6hOMwYIdLRrUYGkKo5OZWSPtEEqpNZBkTwten8H9y6di4bJfPi7naySyONNgFe+AAYFABNXAG6qABKLgDD+AJPFv31qP1Yr1OW1PWbGYb/ID19gnXOpN2</latexit>

(a1 + a2 + ...) = 10�34



<latexit sha1_base64="andOjv0YlWm3WLkxOipoG8B3TxU=">AAACBnicdVDLSgMxFM34rPU16lKEYBEq4jBTax8LoejGZQX7gHYcMmmmDc08SDJCGbpy46+4caGIW7/BnX9j2o6gogfu5XDOvST3uBGjQprmhzY3v7C4tJxZya6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyhxcTv3VLuKBhcC1HEbF91A+oRzGSSnL0vTxyLHgEkVNQ3TAMeAjPoGXeJMcnxbGj50yjalrV0zKckUoxJaUqtAxzihxIUXf0924vxLFPAokZEqJjmZG0E8QlxYyMs91YkAjhIeqTjqIB8omwk+kZY3iglB70Qq4qkHCqft9IkC/EyHfVpI/kQPz2JuJfXieWXsVOaBDFkgR49pAXMyhDOMkE9ignWLKRIghzqv4K8QBxhKVKLqtC+LoU/k+aBcMqGaWrYq52nsaRAbtgH+SBBcqgBi5BHTQABnfgATyBZ+1ee9RetNfZ6JyW7uyAH9DePgFwLJS0</latexit>

(a1 + a2 + ...) = 10�34

<latexit sha1_base64="qXJ75PFNx6uQCvrJg4diqsPwqmk=">AAACB3icdVDLSgMxFM3UV62vUZeCBItQEYeZUvtYCEU3LivYB7TjkEkzbWjmQZIRytCdG3/FjQtF3PoL7vwb03YEFT1wL4dz7iW5x40YFdI0P7TMwuLS8kp2Nbe2vrG5pW/vtEQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHV1M/fYt4YKGwbUcR8T20SCgHsVIKsnR9wvYseAxxE5RdcMw4BE8g5Z5k5xYRXPi6HnTqJlW7bQC56RaSkm5Bi3DnCEPUjQc/b3XD3Hsk0BihoToWmYk7QRxSTEjk1wvFiRCeIQGpKtogHwi7GR2xwQeKqUPvZCrCiScqd83EuQLMfZdNekjORS/van4l9eNpVe1ExpEsSQBnj/kxQzKEE5DgX3KCZZsrAjCnKq/QjxEHGGposupEL4uhf+TVtGwykb5qpSvn6dxZMEeOAAFYIEKqINL0ABNgMEdeABP4Fm71x61F+11PprR0p1d8APa2yfksJTu</latexit>

(c1 + c2 + ...) = 10�120



What happens if we simply accept this accidental cancellation?



Ingredient 1: Selection Rules of Symmetries



Selection Rules of Symmetries

<latexit sha1_base64="TJfBg1Hzmqqu82wIouguD0NDbys=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6EWi8eK7htoV1KNs22odlkSbJCWfobvHhQxKs/yJv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqKVlqgj1ieRSdUKsKWeC+oYZTjuJojgOOW2H47uZ336iSjMpHs0koUGMh4JFjGBjJf8W3aBGv1xxq+4caJV4OalAjma//NUbSJLGVBjCsdZdz01MkGFlGOF0WuqlmiaYjPGQdi0VOKY6yObHTtGZVQYoksqWMGiu/p7IcKz1JA5tZ4zNSC97M/E/r5ua6DrImEhSQwVZLIpSjoxEs8/RgClKDJ9Ygoli9lZERlhhYmw+JRuCt/zyKmldVL1atfZwWak38jiKcAKncA4eXEEd7qEJPhBg8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBNo423</latexit>

A = B

Implies that A and B transform in the same way under all symmetries 
Including broken ones



Ingredient 2: Separation of scales



RENORMALIZATION

PRECISION CALCULATIONS QFT INSIGHTS FROM STRING THEORY

SYMMETRIES FROM COARSE GRAINING

EFFECTIVE THEORIES IN PARTICLE PHYSICS



POST-NEWTONIAN EXPANSIONS

LARGE SCALE STRUCTURE

LANDAU THEORY OF FERMI LIQUIDS

CHIRAL PERTURBATION THEORY

AND BEYOND



WHAT NOW?



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass 
Squared

WEAK FORCE, STRUCTURE OF NUCLEI, COMPLEX 
CHEMISTRY, …



<latexit sha1_base64="ma+UfmhlM36qjYZYXr8c47nWIGQ=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXJWklOqy6MaNUMFeoEnDZDpph84kYWYihJC3cOOruHGhiFvd+TZO2yy09YeBj/+cw5nz+zGjUlnWt1FaW9/Y3CpvV3Z29/YPzMOjrowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86fWs3nsgQtIovFdpTFyOxiENKEZKW55Z495kWIeOpBw6gUA4Sz2ljVsvcwSHbZYP63lmN6ETU02eWbVq1lxwFewCqqBQ2zO/nFGEE05ChRmScmBbsXIzJBTFjOQVJ5EkRniKxmSgMUScSDeb35XDM+2MYBAJ/UIF5+7viQxxKVPu606O1EQu12bmf7VBooJLN6NhnCgS4sWiIGFQRXAWEhxRQbBiqQaEBdV/hXiCdDpKR1nRIdjLJ69Ct16zm7XGXaPauiriKIMTcArOgQ0uQAvcgDboAAwewTN4BW/Gk/FivBsfi9aSUcwcgz8yPn8AGViepA==</latexit>

m2
h ⇠ y2tM

2
Pl

16⇡2

SYMMETRY-BASED ESTIMATE



Symmetry~10  Experiment
34



SM

Planck

New 
Symmetry

<latexit sha1_base64="V/4xAzEyHbikrYsg/QxB3dvvwdM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXoRil48VrAf0q4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/M/PYTVZpF8t5MYuoLPJQsZAQbKz2I/uixgq6Q2y+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhJd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpezVytW7aql+ncWRhxM4hXPw4ALqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wcaN49O</latexit>

m2
h = 0 Special



SM

Planck

New 
Symmetry

<latexit sha1_base64="B0zSLBBandL/mbxlfAwgPzIBOA0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BL16ESMwDkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/loxkn6Ed0IHnIGTVWqt/36r1iyS27c5BV4mWkBBlqveJXtx+zNEJpmKBadzw3Mf6EKsOZwGmhm2pMKBvRAXYslTRC7U/mp07JmVX6JIyVLWnIXP09MaGR1uMosJ0RNUO97M3E/7xOasJrf8JlkhqUbLEoTAUxMZn9TfpcITNibAllittbCRtSRZmx6RRsCN7yy6ukeVH2LsuVh0qpepPFkYcTOIVz8OAKqnAHNWgAgwE8wyu8OcJ5cd6dj0VrzslmjuEPnM8fAKSNoA==</latexit>

MS

<latexit sha1_base64="ra+Ru2NPwNW8tjRUnkq5UaD+8VU=">AAACD3icbZC7TsMwFIadcivlFmBksahATFVSVYWxgoUFqQh6kZo0clyntWonke0gRVHfgIVXYWEAIVZWNt4Gt80ALb9k6dN/ztHx+f2YUaks69sorKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6PJGE0JC1FFSPdWBDEfUY6/vhqWu88ECFpFN6rNCYuR8OQBhQjpS3PPOXeqF+FjqQcOoFAOEs9pY0b765fnWR23YmpBs8sWxVrJrgMdg5lkKvpmV/OIMIJJ6HCDEnZs61YuRkSimJGJiUnkSRGeIyGpKcxRJxIN5vdM4En2hnAIBL6hQrO3N8TGeJSptzXnRypkVysTc3/ar1EBRduRsM4USTE80VBwqCK4DQcOKCCYMVSDQgLqv8K8QjpVJSOsKRDsBdPXoZ2tWLXK7XbWrlxmcdRBEfgGJwBG5yDBrgGTdACGDyCZ/AK3own48V4Nz7mrQUjnzkEf2R8/gAhYZt4</latexit>

m2
h ⇠ y2tM

2
S

16⇡2



SM

Planck

New 
SymmetrySupersymmetry or Scale Invariance



)( <latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

We have been looking  
for answers at energies 
close to the Higgs mass  
for more than 40 years

Higgs Boson

and we have  
not found them



It doesn’t work at all for the cosmological constant

<latexit sha1_base64="Me93cVxZlWBjgk1Rx4fb9xeFomo=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAixCbsSomATtLGwiGAekF3D7OQmGTKzu87MCmFJbeOv2FgoYusX2Pk3Th6FJh4YOJxzLnfuCWLOlHacb2thcWl5ZTWzll3f2Nzatnd2aypKJIUqjXgkGwFRwFkIVc00h0YsgYiAQz3oX478+gNIxaLwVg9i8AXphqzDKNFGatkH3rUJtwn2FBNwj/NOwfXOU08KLKA2PL4rtuycU3DGwPPEnZIcmqLSsr+8dkQTAaGmnCjVdJ1Y+ymRmlEOw6yXKIgJ7ZMuNA0NiQDlp+NThvjIKG3ciaR5ocZj9fdESoRSAxGYpCC6p2a9kfif10x058xPWRgnGkI6WdRJONYRHvWC20wC1XxgCKGSmb9i2iOSUG3ay5oS3NmT50ntpOCWCqWbYq58Ma0jg/bRIcojF52iMrpCFVRFFD2iZ/SK3qwn68V6tz4m0QVrOrOH/sD6/AF2rZjc</latexit>

⇤ ' (0.1 meV)4



WHAT NOW?



1. We tune 

2. There is no mass scale beyond the SM 
[1305.6939] 

3. The Higgs mass is an input 

4. UV/IR Mixing [1909.01365] 

5. Swampland on steroids 

6. There is a landscape 

7.

https://arxiv.org/abs/1305.6939
https://arxiv.org/abs/1909.01365
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A CHANGE OF PERSPECTIVE



Causally 
Disconnected 
Universes with 

different values of 
the Standard Model 

parameters, 
populated by 

inflation



1. One day it can be 
tested 
experimentally  

2. Currently our most 
concrete 
explanation for the 
cosmological 
constant 

3. It probably exists 
independently of 
the problem 





Inflation



Inflation



Tunneling



Inflation



Inflation
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Caveats on eternal inflation, dS and AdS 
vacua:

[Dvali ’21],[Dvali, Gomez ’13-’14],
[Dvali, Gomez, Zell ’17], [Dvali ‘20]

[Ooguri, Vafa ’06], [Garg, Krishnan ’18],
[Obied, Ooguri, Spodyneiko, Vafa ’18], 

[Ooguri, Palti, Shiu, Vafa ’18]

1. Not that many e-folds needed to populate a 
landscape [RTD, Mangini, Rigo, Wang, ’24] 

2. Not every landscape is a multiverse

Is there a landscape?



Is special in the underlying 
theory of Nature

Symmetry Landscape

Is special just for the 
evolution of the universe
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WEAK FORCE, STRUCTURE OF NUCLEI, COMPLEX 
CHEMISTRY, …
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the laboratory 

in the near 
future

Recently:



Symmetric Sector

SM Landscape

GENERAL STRUCTURE

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



An event triggered by the 
symmetric sector selects 

the observed 

<latexit sha1_base64="/22xexMNoWN4UWunZB+AbJccOw8=">AAAB7HicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiUY9ELx4xcYEEVtItXWhou5u2a0I2/AYvHjTGqz/Im//GAntQ8CWTvLw3k5l5YcKZNq777RTW1jc2t4rbpZ3dvf2D8uFRS8epItQnMY9VJ8Saciapb5jhtJMoikXIaTsc38789hNVmsXywUwSGgg8lCxiBBsr+aI/eqz1yxW36s6BVomXkwrkaPbLX71BTFJBpSEca9313MQEGVaGEU6npV6qaYLJGA9p11KJBdVBNj92is6sMkBRrGxJg+bq74kMC60nIrSdApuRXvZm4n9eNzXRdZAxmaSGSrJYFKUcmRjNPkcDpigxfGIJJorZWxEZYYWJsfmUbAje8surpFWrepfVi/t6pXGTx1GEEziFc/DgChpwB03wgQCDZ3iFN0c6L86787FoLTj5zDH8gfP5A3fNjng=</latexit>

m2
h

Symmetric Sector

SM Landscape

<latexit sha1_base64="HDXxWiEZKF+dE+ld0pe52aEL8c0=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgqiRS1GXRjZtCRfuAJoTJdNIOnZmEmYlYQn7FjQtF3Poj7vwbp20W2nrgwuGce7n3njBhVGnH+bZKa+sbm1vl7crO7t7+gX1Y7ao4lZh0cMxi2Q+RIowK0tFUM9JPJEE8ZKQXTm5mfu+RSEVj8aCnCfE5GgkaUYy0kQK72gruoccYbAWZJzlsszywa07dmQOuErcgNVCgHdhf3jDGKSdCY4aUGrhOov0MSU0xI3nFSxVJEJ6gERkYKhAnys/mt+fw1ChDGMXSlNBwrv6eyBBXaspD08mRHqtlbyb+5w1SHV35GRVJqonAi0VRyqCO4SwIOKSSYM2mhiAsqbkV4jGSCGsTV8WE4C6/vEq653X3ot64a9Sa10UcZXAMTsAZcMElaIJb0AYdgMETeAav4M3KrRfr3fpYtJasYuYI/IH1+QOvz5OW</latexit>

MS ⌧ MPl



Statistical Selection
[Dvali, Vilenkin ’03], [Dvali ’04], 
[Geller, Hochberg, Kuflik,’18], 

[Giudice, McCullough, You, ’21], 
…

Dynamical Selection

[Graham, Rajendran, Kaplan, ’15], 
[Arkani-Hamed, Cohen, RTD, Kim, 

Pinner, ’16], [Csaki, RTD, Geller, 
Ismail, ’20], [Strumia, Teresi, ’20], 

[RTD, Teresi, ’21], 
…

Anthropic Selection

[Agrawal, Barr, Donoghue, Seckel 
’97],[Arvanitaki, Dimopoulos, 

Gorbenko, Huang, Van Tilburg ’16],  
[Arkani-Hamed, RTD, Kim, ‘20],  

[Giudice, Kehagias, Riotto, ’20], 
…



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

SM Landscape

Sensitive to 
the  

Higgs mass



Does anything change in Nature as we 
vary the Higgs mass squared?

General QFT question relevant beyond 
naturalness:



Does anything change 
as we vary the Higgs mass?

<latexit sha1_base64="bj355pO6DGvf056c7CHU0Zba94o=">AAACEnicbVC7SgNBFJ31GeMramkzGARtwq4EtQxaxDJCXrC7hNnZu8mQ2YczswlhyTfY+Cs2ForYWtn5N04ehSYeuHA4517uvcdLOJPKNL+NldW19Y3N3FZ+e2d3b79wcNiUcSooNGjMY9H2iATOImgopji0EwEk9Di0vP7txG8NQEgWR3U1SsANSTdiAaNEaalTOM8cEeK6GNtVZwh+F3DVxQ48pGyAq9gZMh8U476WO4WiWTKnwMvEmpMimqPWKXw5fkzTECJFOZHStsxEuRkRilEO47yTSkgI7ZMu2JpGJATpZtOXxvhUKz4OYqErUniq/p7ISCjlKPR0Z0hUTy56E/E/z05VcO1mLEpSBRGdLQpSjlWMJ/lgnwmgio80IVQwfSumPSIIVTrFvA7BWnx5mTQvStZlqXxfLlZu5nHk0DE6QWfIQleogu5QDTUQRY/oGb2iN+PJeDHejY9Z64oxnzlCf2B8/gC3lZzg</latexit>

Tr[G ^G] ⌘ G eG

LOCAL NON-LOCAL

On-shell N-point 
functions of massive SM 

particles



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle

NEUTRON ELECTRIC 
DIPOLE MOMENT

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared

WEAK FORCE, 
STRUCTURE OF 

NUCLEI, COMPLEX 
CHEMISTRY, …

<latexit sha1_base64="EQfaVYvyZGBDZ5R0O14fnSK740k=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadmVmMct6MVjBPOAZAmzk0kyOjuzzPQKYck/ePGgiFf/x5t/4yRZQUULGoqqbrq7wlhwA5734eRWVtfWN/Kbha3tnd294v5B26hEU9aiSijdDYlhgkvWAg6CdWPNSBQK1gnvLud+555pw5W8gWnMgoiMJR9xSsBK7T5MGJBBseS5dc+vn1fxktTKGanUse96C5RQhuag+N4fKppETAIVxJie78UQpEQDp4LNCv3EsJjQOzJmPUsliZgJ0sW1M3xilSEeKW1LAl6o3ydSEhkzjULbGRGYmN/eXPzL6yUwqgUpl3ECTNLlolEiMCg8fx0PuWYUxNQSQjW3t2I6IZpQsAEVbAhfn+L/SfvM9Stu+bpcalxkceTRETpGp8hHVdRAV6iJWoiiW/SAntCzo5xH58V5XbbmnGzmEP2A8/YJMbKPkQ==</latexit>

✓



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle Higgs Mass Squared

<latexit sha1_base64="ma+UfmhlM36qjYZYXr8c47nWIGQ=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARXJWklOqy6MaNUMFeoEnDZDpph84kYWYihJC3cOOruHGhiFvd+TZO2yy09YeBj/+cw5nz+zGjUlnWt1FaW9/Y3CpvV3Z29/YPzMOjrowSgUkHRywSfR9JwmhIOooqRvqxIIj7jPT86fWs3nsgQtIovFdpTFyOxiENKEZKW55Z495kWIeOpBw6gUA4Sz2ljVsvcwSHbZYP63lmN6ETU02eWbVq1lxwFewCqqBQ2zO/nFGEE05ChRmScmBbsXIzJBTFjOQVJ5EkRniKxmSgMUScSDeb35XDM+2MYBAJ/UIF5+7viQxxKVPu606O1EQu12bmf7VBooJLN6NhnCgS4sWiIGFQRXAWEhxRQbBiqQaEBdV/hXiCdDpKR1nRIdjLJ69Ct16zm7XGXaPauiriKIMTcArOgQ0uQAvcgDboAAwewTN4BW/Gk/FivBsfi9aSUcwcgz8yPn8AGViepA==</latexit>

m2
h ⇠ y2tM

2
Pl

16⇡2

SYMMETRY-BASED ESTIMATESYMMETRY-BASED ESTIMATE

<latexit sha1_base64="98L0Dix+/aKdvMAqemjC+HUqseI=">AAACA3icdVDJSgNBEO2JW4zbqDe9NAYhXoYZiVluQS/ejGAWyAyhp9NJmvQsdNcIYQh48Ve8eFDEqz/hzb+xswgq+qDg8V4VVfX8WHAFtv1hZJaWV1bXsuu5jc2t7R1zd6+pokRS1qCRiGTbJ4oJHrIGcBCsHUtGAl+wlj+6mPqtWyYVj8IbGMfMC8gg5H1OCWipax64MGRAsKt4gN2AwJASkV5NCs5J18zbVtV2qmdlPCeV4oKUqtix7BnyaIF613x3exFNAhYCFUSpjmPH4KVEAqeCTXJuolhM6IgMWEfTkARMeenshwk+1koP9yOpKwQ8U79PpCRQahz4unN6pfrtTcW/vE4C/YqX8jBOgIV0vqifCAwRngaCe1wyCmKsCaGS61sxHRJJKOjYcjqEr0/x/6R5ajklq3hdzNfOF3Fk0SE6QgXkoDKqoUtURw1E0R16QE/o2bg3Ho0X43XemjEWM/voB4y3T3VNl24=</latexit>

✓ ⇠ O(1)



<latexit sha1_base64="Zo2NGK+ONE1w1V60t7Uzs87/fsQ=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRSrN0V3bhwUcE+pI1lMpm0Q2eSMDMRSuhXuHGhiFs/x51/4zStoKIHBg7nnMvce/yEM6Ud58MqLC2vrK4V10sbm1vbO+XdvbaKU0loi8Q8ll0fK8pZRFuaaU67iaRY+Jx2/PHFzO/cU6lYHN3oSUI9gYcRCxnB2ki3/SsTDfBddVCuOHY9B5qTWnVB6i5ybSdHBRZoDsrv/SAmqaCRJhwr1XOdRHsZlpoRTqelfqpogskYD2nP0AgLqrwsX3iKjowSoDCW5kUa5er3iQwLpSbCN0mB9Uj99mbiX14v1eGZl7EoSTWNyPyjMOVIx2h2PQqYpETziSGYSGZ2RWSEJSbadFQyJXxdiv4n7RPbPbWd62qlcb6oowgHcAjH4EINGnAJTWgBAQEP8ATPlrQerRfrdR4tWIuZffgB6+0TD1aQmw==</latexit>

⇤4

QCD Theta Angle

<latexit sha1_base64="6sl/tb98cAIODBtsVT4f747bhVY=">AAAB8XicbVBNTwIxEJ31E/EL9eilkZh4IrvEqEeiF46YyEeEhXRLFxra7qbtmpCFf+HFg8Z49d94899YYA8KvmSSl/dmMjMviDnTxnW/nbX1jc2t7dxOfndv/+CwcHTc0FGiCK2TiEeqFWBNOZO0bpjhtBUrikXAaTMY3c385hNVmkXywYxj6gs8kCxkBBsrPYresFueVCfdcq9QdEvuHGiVeBkpQoZar/DV6UckEVQawrHWbc+NjZ9iZRjhdJrvJJrGmIzwgLYtlVhQ7afzi6fo3Cp9FEbKljRorv6eSLHQeiwC2ymwGeplbyb+57UTE974KZNxYqgki0VhwpGJ0Ox91GeKEsPHlmCimL0VkSFWmBgbUt6G4C2/vEoa5ZJ3VXLvL4uV2yyOHJzCGVyAB9dQgSrUoA4EJDzDK7w52nlx3p2PReuak82cwB84nz/75pB3</latexit>

m
2
h|H|2

Higgs Mass Squared

<latexit sha1_base64="EQfaVYvyZGBDZ5R0O14fnSK740k=">AAAB7XicdVDLSgNBEJyNrxhfUY9eBoPgadmVmMct6MVjBPOAZAmzk0kyOjuzzPQKYck/ePGgiFf/x5t/4yRZQUULGoqqbrq7wlhwA5734eRWVtfWN/Kbha3tnd294v5B26hEU9aiSijdDYlhgkvWAg6CdWPNSBQK1gnvLud+555pw5W8gWnMgoiMJR9xSsBK7T5MGJBBseS5dc+vn1fxktTKGanUse96C5RQhuag+N4fKppETAIVxJie78UQpEQDp4LNCv3EsJjQOzJmPUsliZgJ0sW1M3xilSEeKW1LAl6o3ydSEhkzjULbGRGYmN/eXPzL6yUwqgUpl3ECTNLlolEiMCg8fx0PuWYUxNQSQjW3t2I6IZpQsAEVbAhfn+L/SfvM9Stu+bpcalxkceTRETpGp8hHVdRAV6iJWoiiW/SAntCzo5xH58V5XbbmnGzmEP2A8/YJMbKPkQ==</latexit>

✓

Symmetry ~ 10   Experiment10 Symmetry~10   Experiment34



SLIDING NATURALNESS 
[RTD, Teresi] ‘21



Landscape of Higgs Masses and theta-angles populated by inflation
<latexit sha1_base64="dtBnDoZyuWFjds1KpXTGmR819YE=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIIlhmiqjLoptuhAr2Au04ZNJMG5pkxiQjlNKNG1/FjQtF3PoO7nwb0+kI2vpD4OM/53By/iBmVGnH+bLm5hcWl5ZzK/nVtfWNTXtru66iRGJSwxGLZDNAijAqSE1TzUgzlgTxgJFG0L8c1xv3RCoaiRs9iInHUVfQkGKkjeXbe8dX/tFtCbYZuYPcr/xg6vp2wSk6qeAsuBkUQKaqb3+2OxFOOBEaM6RUy3Vi7Q2R1BQzMsq3E0VihPuoS1oGBeJEecP0ihE8ME4HhpE0T2iYur8nhogrNeCB6eRI99R0bWz+V2slOjz3hlTEiSYCTxaFCYM6guNIYIdKgjUbGEBYUvNXiHtIIqxNcHkTgjt98izUS0X3tFi6PimUL7I4cmAX7IND4IIzUAYVUAU1gMEDeAIv4NV6tJ6tN+t90jpnZTM74I+sj2+qQJYj</latexit>

�M2
⇤  m2

H
 M2

⇤
<latexit sha1_base64="VBJfQIEbVylBUXhsDulhoZbLNeE=">AAACAnicbZC7SgNBFIZn4y3GW9RKbAaDYGPYVVHLoI1lBHOB7BJmJyfJkNmLM2eFsAQbX8XGQhFbn8LOt3GSbKGJPwx8/Occzpzfj6XQaNvfVm5hcWl5Jb9aWFvf2Nwqbu/UdZQoDjUeyUg1faZBihBqKFBCM1bAAl9Cwx9cj+uNB1BaROEdDmPwAtYLRVdwhsZqF/eO3VhQV8I9dbEPyDKORbtYssv2RHQenAxKJFO1XfxyOxFPAgiRS6Z1y7Fj9FKmUHAJo4KbaIgZH7AetAyGLADtpZMTRvTQOB3ajZR5IdKJ+3siZYHWw8A3nQHDvp6tjc3/aq0Eu5deKsI4QQj5dFE3kRQjOs6DdoQCjnJogHElzF8p7zPFOJrUCiYEZ/bkeaiflJ3z8untWalylcWRJ/vkgBwRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz6mrTkrm9klf2R9/gDVqpZy</latexit>

�⇡  ✓  ⇡

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1 <latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v <latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

SLIDING NATURALNESS



All patches where the Higgs vev 
<latexit sha1_base64="SjY9QcKbWbAaLqiH7JuFdMuiJCU=">AAACBnicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJpKDLopsuK1hbaGKZTG/aoZNJnJkUSujGja/ixoWCuPUZ3Pk2TtsstPXAwMe593LnniDhTGnH+bYKK6tr6xvFzdLW9s7unr1/cKfiVFJo0pjHsh0QBZwJaGqmObQTCSQKOLSC4fW03hqBVCwWt3qcgB+RvmAho0Qbq2sfe5yIPgdcv3ewJ+fswUPKRnjQtctOxZkJL4ObQxnlanTtL68X0zQCoSknSnVcJ9F+RqRmlMOk5KUKEkKHpA8dg4JEoPxsdsUEnxqnh8NYmic0nrm/JzISKTWOAtMZET1Qi7Wp+V+tk+rw0s+YSFINgs4XhSnHOsbTSHCPSaCajw0QKpn5K6YDIgnVJriSCcFdPHkZWucVt1px3ZtquXaV51FER+gEnSEXXaAaqqMGaiKKHtEzekVv1pP1Yr1bH/PWgpXPHKI/sj5/ALn2l+Q=</latexit>

hH0i ⌘ h

Is outside of a certain range

After reheating and a time

<latexit sha1_base64="D8ioqJMQOHOmHk+ofSlnh0RU5mc=">AAACEXicbZBPS8MwGMZT/875r+rRS3CInkYrAz0OvXic4NxgLSXN0jUsSWuSCqP0I3jxq3jxoCBevXnz25huPejmC4Efz/O+hOcJU0aVdpxva2l5ZXVtvbZR39za3tm19/bvVJJJTLo4YYnsh0gRRgXpaqoZ6aeSIB4y0gvHV6XfeyBS0UTc6klKfI5GgkYUI22kwD6Jg9yTHHIqCo8RpRTlMIYG72FlYUl1EdgNp+lMBy6CW0EDVNMJ7C9vmOCME6ExQ0oNXCfVfo6kppiRou5liqQIj9GIDAwKxIny82mgAh4bZQijRJonNJyqvy9yxJWa8NBscqRjNe+V4n/eINPRhZ9TkWaaCDz7KMoY1Aks24FDKgnWbGIAlbkphjhGEmFtOqybEtz5yIvQO2u6rabr3rQa7cuqjxo4BEfgFLjgHLTBNeiALsDgETyDV/BmPVkv1rv1MVtdsqqbA/BnrM8fi4ydVg==</latexit>

hmin . h  hcrit

crunch

<latexit sha1_base64="uzFhsdnVlIYiKcY94d+4gZlRBzM=">AAACBXicbZC7SgNBFIZn4y3GW9RSi8EgWIVdFbUM2lhGMBfIhjA7OUmGzOyuM2fFsKSx8VVsLBSx9R3sfBsnl0ITfxj4+M85nDl/EEth0HW/nczC4tLySnY1t7a+sbmV396pmijRHCo8kpGuB8yAFCFUUKCEeqyBqUBCLehfjeq1e9BGROEtDmJoKtYNRUdwhtZq5fd97AEy6ku4oxNupb5WVLGHYStfcIvuWHQevCkUyFTlVv7Lb0c8URAil8yYhufG2EyZRsElDHN+YiBmvM+60LAYMgWmmY6vGNJD67RpJ9L2hUjH7u+JlCljBiqwnYphz8zWRuZ/tUaCnYtmKsI4QQj5ZFEnkRQjOoqEtoUGjnJggXEt7F8p7zHNONrgcjYEb/bkeageF72z4snNaaF0OY0jS/bIATkiHjknJXJNyqRCOHkkz+SVvDlPzovz7nxMWjPOdGaX/JHz+QNkfpiF</latexit>

✓  ✓max

<latexit sha1_base64="L/VVyb7e7njGjkhhdqpUGCAIJxA=">AAACGHicbVDLTgIxFO3gC/E16tJNIzHBhTDjO3FDxAULF5DII2Fw0ikFGtqZSdsxIRM+w42/4saFxrhl599YYBYKnqTJyTn35PYeL2RUKsv6NlJLyyura+n1zMbm1vaOubtXl0EkMKnhgAWi6SFJGPVJTVHFSDMUBHGPkYY3KE38xhMRkgb+gxqGpM1Rz6ddipHSkmsWlIuhIymHdqGcc+51soPc2BEcVkt3o+OZZT3GJxcj5wZK18xaeWsKuEjshGRBgoprjp1OgCNOfIUZkrJlW6Fqx0goihkZZZxIkhDhAeqRlqY+4kS24+lhI3iklQ7sBkI/X8Gp+jsRIy7lkHt6kiPVl/PeRPzPa0Wqe92OqR9Givh4tqgbMagCOGkJdqggWLGhJggLqv8KcR8JhJXuMqNLsOdPXiT107x9mT+rnmeLt0kdaXAADkEO2OAKFEEZVEANYPAMXsE7+DBejDfj0/iajaaMJLMP/sAY/wDfu53M</latexit>

tc ⇠ 1/H(⇤QCD) ⇠ 10�5
s

And theta is large

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v <latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

SLIDING NATURALNESS



CRUNCHING

<latexit sha1_base64="F5qb0MZfB1LjYuXhtzQLO5PQ5DY=">AAACFnicbVBNS8NAEN3Ur1q/qh69LBahHixJEfUoevGgUMWq0KRls93YpbtJ2J0IJeRXePGvePGgiFfx5r9x2+agrQ8GHu/N7M48PxZcg21/W4WZ2bn5heJiaWl5ZXWtvL5xo6NEUdakkYjUnU80EzxkTeAg2F2sGJG+YLd+/3To3z4wpXkUXsMgZp4k9yEPOCVgpE5576oKu9jVXGLWTvfcQBGauufmgS5p1zFk6UUndZXEDZFlWadcsWv2CHiaODmpoByNTvnL7UY0kSwEKojWLceOwUuJAk4Fy0puollMaJ/cs5ahIZFMe+norAzvGKWLg0iZCgGP1N8TKZFaD6RvOiWBnp70huJ/XiuB4MhLeRgnwEI6/ihIBIYIDzPCXa4YBTEwhFDFza6Y9ohJBkySJROCM3nyNLmp15yD2v7lfuX4JI+jiLbQNqoiBx2iY3SGGqiJKHpEz+gVvVlP1ov1bn2MWwtWPrOJ/sD6/AEP6Z6+</latexit>

R(t) ⇠ e�
⇤2t
MPl

<latexit sha1_base64="0sMgO8d0EAhCz/MKxYgfi/q3mUI=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnoMevEYxU0CSQizk9lkyOzsMtMrhCXf4MWDIl79IG/+jZPHQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFRw8SpZtxnsYx1K6CGS6G4jwIlbyWa0yiQvBmMbqd+84lrI2L1iOOEdyM6UCIUjKKV/IcynpNeseRW3BnIKvEWpAQL1HvFr04/ZmnEFTJJjWl7boLdjGoUTPJJoZManlA2ogPetlTRiJtuNjt2Qs6s0idhrG0pJDP190RGI2PGUWA7I4pDs+xNxf+8dorhdTcTKkmRKzZfFKaSYEymn5O+0JyhHFtCmRb2VsKGVFOGNp+CDcFbfnmVNC4q3mWlel8t1W4WceThBE6hDB5cQQ3uoA4+MBDwDK/w5ijnxXl3PuatOWcxcwx/4Hz+AKEujew=</latexit>

R(t)

Negative Cosmological Constant

<latexit sha1_base64="Ut7CJXCRySUGhxgZobBTS39aOTA=">AAAB8nicbVDLSgMxFM3UV62vqks3wSK4KjMi1YWLohsXLirYB0yHkslk2tBMMiR3hDL0M9y4UMStX+POvzFtZ6HVA4HDOeeSe0+YCm7Adb+c0srq2vpGebOytb2zu1fdP+gYlWnK2lQJpXshMUxwydrAQbBeqhlJQsG64fhm5ncfmTZcyQeYpCxIyFDymFMCVvL7dzYaEXyF3UG15tbdOfBf4hWkhgq0BtXPfqRoljAJVBBjfM9NIciJBk4Fm1b6mWEpoWMyZL6lkiTMBPl85Sk+sUqEY6Xtk4Dn6s+JnCTGTJLQJhMCI7PszcT/PD+D+DLIuUwzYJIuPoozgUHh2f044ppREBNLCNXc7orpiGhCwbZUsSV4yyf/JZ2zuteoN+7Pa83roo4yOkLH6BR56AI10S1qoTaiSKEn9IJeHXCenTfnfREtOcXMIfoF5+Mbsy6QPA==</latexit>

⇤ < 0



Only universes with the observed value of the weak scale can live 
cosmologically long times. Today the multiverse looks like: 

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1
<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="PKCjAuBTuCZsuM2VQ1Vl/yuxSVE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1GPRi8cK1haSUDbbTbt0swm7E6GU/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvyqQw6LrfTmlldW19o7xZ2dre2d2r7h88mjTXjLdYKlPdiajhUijeQoGSdzLNaRJJ3o6Gt1O//cS1Eal6wFHGw4T2lYgFo2glP8ABRxpISbxutebW3RnIMvEKUoMCzW71K+ilLE+4QiapMb7nZhiOqUbBJJ9UgtzwjLIh7XPfUkUTbsLx7OQJObFKj8SptqWQzNTfE2OaGDNKItuZUByYRW8q/uf5OcbX4VioLEeu2HxRnEuCKZn+T3pCc4ZyZAllWthbCRtQTRnalCo2BG/x5WXyeFb3Luvn9xe1xk0RRxmO4BhOwYMraMAdNKEFDFJ4hld4c9B5cd6dj3lrySlmDuEPnM8fvPSQ5w==</latexit>

✓ ⌧ 1

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v
<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v
<latexit sha1_base64="98z6nYJMfYF8+CMXaWeik03EJWE=">AAACA3icbZDLSsNAFIYn9VbrLepON4NFcFUSKeqy6MZlBXuBJpTJ9KQdOpnEmUmhhIIbX8WNC0Xc+hLufBunbRba+sPAx3/O4cz5g4QzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WppNCgMY9lOyAKOBPQ0ExzaCcSSBRwaAXDm2m9NQKpWCzu9TgBPyJ9wUJGiTZW1z7yOBF9DniAPTknT7EIHvCoa5edijMTXgY3hzLKVe/aX14vpmkEQlNOlOq4TqL9jEjNKIdJyUsVJIQOSR86BgWJQPnZ7IYJPjVOD4exNE9oPHN/T2QkUmocBaYzInqgFmtT879aJ9XhlZ8xkaQaBJ0vClOOdYyngeAek0A1HxsgVDLzV0wHRBKqTWwlE4K7ePIyNM8r7kWlelct167zOIroGJ2gM+SiS1RDt6iOGoiiR/SMXtGb9WS9WO/Wx7y1YOUzh+iPrM8fIl6XNQ==</latexit>

hhi ' v

SLIDING NATURALNESS



Addition to the SM: Two very weakly coupled scalars
<latexit sha1_base64="Tyn54NIu9RjSFVcyU+cWmXbnv6E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSTYmWaGU/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSJ1RD1guV6JUrftWfA62SICcVyNHolb/CfkoyQaUlHBvTDXxlownWlhFOp6UwM1RhMsID2nVUYkFNNJnfO0VnTumjJNWupEVz9ffEBAtjxiJ2nQLboVn2ZuJ/XjezyXU0YVJllkqyWJRkHNkUzZ5HfaYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6R1UQ0uq7X7WqV+k8dRhBM4hXMI4ArqcAcNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8dcJAI</latexit>

�±

SLIDING NATURALNESS [RTD, Teresi] ‘21



<latexit sha1_base64="DUGAvmLrv+/cqNJJywuox4sftLo=">AAACGXicbZDNSsNAFIUn9a/Wv6hLN4NFEIolkaJuhKKbLivYtNCGMJlO2qGTSZiZCCX0Ndz4Km5cKOJSV76N0zRCbT0w8HHuvdy5x48Zlcqyvo3Cyura+kZxs7S1vbO7Z+4fODJKBCYtHLFIdHwkCaOctBRVjHRiQVDoM9L2R7fTevuBCEkjfq/GMXFDNOA0oBgpbXmm5VxDx0t78ZB6Z5PKL1YybMzZjdz3zLJVtTLBZbBzKINcTc/87PUjnISEK8yQlF3bipWbIqEoZmRS6iWSxAiP0IB0NXIUEumm2WUTeKKdPgwioR9XMHPnJ1IUSjkOfd0ZIjWUi7Wp+V+tm6jgyk0pjxNFOJ4tChIGVQSnMcE+FQQrNtaAsKD6rxAPkUBY6TBLOgR78eRlcM6r9kW1dlcr12/yOIrgCByDU2CDS1AHDdAELYDBI3gGr+DNeDJejHfjY9ZaMPKZQ/BHxtcP8y2frA==</latexit>

V = V�� + V�+ + VH�� + VH�+

Approximately decoupled from each other

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch

<latexit sha1_base64="Z/xY737m5oIT9zNeCVSqiiFmZ/k=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIrgqiRR1WXTjsoK9QBPKZHqSDp1MwsykUEI3voobF4q49THc+TZO2yy09YeBj/+cw5nzBylnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtkoySaFFE57IbkAUcCagpZnm0E0lkDjg0AlGd7N6ZwxSsUQ86kkKfkwiwUJGiTZW3z7xOBERBzzEnlyQF0V43LerTs2ZC6+CW0AVFWr27S9vkNAsBqEpJ0r1XCfVfk6kZpTDtOJlClJCRySCnkFBYlB+Pj9gis+NM8BhIs0TGs/d3xM5iZWaxIHpjIkequXazPyv1st0eOPnTKSZBkEXi8KMY53gWRp4wCRQzScGCJXM/BXTIZGEapNZxYTgLp+8Cu3LmntVqz/Uq43bIo4yOkVn6AK56Bo10D1qohaiaIqe0St6s56sF+vd+li0lqxi5hj9kfX5A5kBlcY=</latexit>

hhi � v

SLIDING NATURALNESS

<latexit sha1_base64="1GcVJDm+NWUN9Yn9k3d23FoYbmk=">AAACBHicbZDLSsNAFIZPvNZ6i7rsZrAIgrQkUtSNUHTTZQWbFtoQJtNJO3RyYWYilNCFG1/FjQtF3PoQ7nwbp20W2vrDwMd/zuHM+f2EM6ks69tYWV1b39gsbBW3d3b39s2DQ0fGqSC0RWIei46PJeUsoi3FFKedRFAc+py2/dHttN5+oEKyOLpX44S6IR5ELGAEK215ZsnxKtfI8bJeMmReZXKmsZGzZ5atqjUTWgY7hzLkanrmV68fkzSkkSIcS9m1rUS5GRaKEU4nxV4qaYLJCA9oV2OEQyrdbHbEBJ1op4+CWOgXKTRzf09kOJRyHPq6M8RqKBdrU/O/WjdVwZWbsShJFY3IfFGQcqRiNE0E9ZmgRPGxBkwE039FZIgFJkrnVtQh2IsnL4NzXrUvqrW7Wrl+k8dRgBIcwynYcAl1aEATWkDgEZ7hFd6MJ+PFeDc+5q0rRj5zBH9kfP4AFiiXIA==</latexit>

V� = V�� + VH��

[RTD, Teresi] ‘21



Crunch

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

<latexit sha1_base64="42AOnqTDvi23Tc7utWlnERTF17I=">AAACAHicbZC7SgNBFIbPxluMt6iFhc1gEKzCrgS1DNpYRjAXyC5hdnI2GTI7u8zMBkJI46vYWChi62PY+TZOLoUm/jDw8Z9zOHP+MBVcG9f9dnJr6xubW/ntws7u3v5B8fCooZNMMayzRCSqFVKNgkusG24EtlKFNA4FNsPB3bTeHKLSPJGPZpRiENOe5BFn1FirUzzxBZU9gaRPfDUnXwgy7BRLbtmdiayCt4ASLFTrFL/8bsKyGKVhgmrd9tzUBGOqDGcCJwU/05hSNqA9bFuUNEYdjGcHTMi5dbokSpR90pCZ+3tiTGOtR3FoO2Nq+nq5NjX/q7UzE90EYy7TzKBk80VRJohJyDQN0uUKmREjC5Qpbv9KWJ8qyozNrGBD8JZPXoXGZdm7KlceKqXq7SKOPJzCGVyAB9dQhXuoQR0YTOAZXuHNeXJenHfnY96acxYzx/BHzucPqEKV0A==</latexit>

hhi ⌧ v
<latexit sha1_base64="p8HfsAXES5l8JdXUubyZPTzESAA=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwYkmkqMeiF48V7Ac0sWy2m3bpZhN2J0II9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tlZW19Y3Nktb5e2d3b19++CwreNUUdaisYhVNyCaCS5ZCzgI1k0UI1EgWCcY30z9ziNTmsfyHrKE+REZSh5ySsBIfbviwYgBwd5wiF3nIT9znUnfrjo1Zwa8TNyCVFGBZt/+8gYxTSMmgQqidc91EvBzooBTwSZlL9UsIXRMhqxnqCQR034+O36CT4wywGGsTEnAM/X3RE4irbMoMJ0RgZFe9Kbif14vhfDKz7lMUmCSzheFqcAQ42kSeMAVoyAyQwhV3NyK6YgoQsHkVTYhuIsvL5P2ec29qNXv6tXGdRFHCR2hY3SKXHSJGugWNVELUZShZ/SK3qwn68V6tz7mrStWMVNBf2B9/gDKsZOT</latexit>

✓ � 10�10Or

SLIDING NATURALNESS [RTD, Teresi] ‘21



Crunch
Safe

And
<latexit sha1_base64="xdXD4Lvm/QD6f9qXX3WcX8g/574=">AAACAnicbVDJSgNBEO2JW4zbqCfx0hgEL4YZCeox6MVjBLNAJoaeTk3SpGehu0YIQ/Dir3jxoIhXv8Kbf2NnOWjig4LHe1VU1fMTKTQ6zreVW1peWV3Lrxc2Nre2d+zdvbqOU8WhxmMZq6bPNEgRQQ0FSmgmCljoS2j4g+ux33gApUUc3eEwgXbIepEIBGdopI594GEfkFFPgtZahNR17rNT1xnRjl10Ss4EdJG4M1IkM1Q79pfXjXkaQoRcMq1brpNgO2MKBZcwKniphoTxAetBy9CIhaDb2eSFET02SpcGsTIVIZ2ovycyFmo9DH3TGTLs63lvLP7ntVIMLtuZiJIUIeLTRUEqKcZ0nAftCgUc5dAQxpUwt1LeZ4pxNKkVTAju/MuLpH5Wcs9L5dtysXI1iyNPDskROSEuuSAVckOqpEY4eSTP5JW8WU/Wi/VufUxbc9ZsZp/8gfX5A2GVliE=</latexit>

✓ . 10�10
<latexit sha1_base64="zPFXVt4wKTBCFWosVKUlTPNFHjc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiQi6rLoxmUF+4AmlMn0Jh06mYSZSaGELtz4K25cKOLWj3Dn3zhts9DWAwOHc87lzj1BypnSjvNtldbWNza3ytuVnd29/QP78KitkkxSaNGEJ7IbEAWcCWhppjl0UwkkDjh0gtHtzO+MQSqWiAc9ScGPSSRYyCjRRurbVY8TEXHAQ+zJBfMibfIxHvftmlN35sCrxC1IDRVo9u0vb5DQLAahKSdK9Vwn1X5OpGaUw7TiZQpSQkckgp6hgsSg/Hx+xBSfGmWAw0SaJzSeq78nchIrNYkDk4yJHqplbyb+5/UyHV77ORNppkHQxaIw41gneNYIHjAJVPOJIYRKZv6K6ZBIQrXprWJKcJdPXiXt87p7Wb+4v6g1boo6yqiKTtAZctEVaqA71EQtRNEjekav6M16sl6sd+tjES1Zxcwx+gPr8wcF5pe2</latexit>

hhi & v

SLIDING NATURALNESS

<latexit sha1_base64="mjeJ8RsCK9OCDiVzVH48q+wtJ6k=">AAACA3icbZDNSsNAFIVv6l+tf1F3ugkWQSiURIq6EYpuuqxg00IbwmQ6aYdOJmFmIpRQcOOruHGhiFtfwp1v47TNQlsPDHycey937gkSRqWy7W+jsLK6tr5R3Cxtbe/s7pn7B66MU4FJC8csFp0AScIoJy1FFSOdRBAUBYy0g9HttN5+IELSmN+rcUK8CA04DSlGSlu+eeT6lWvXz3rJkPqVSUVjI2ffLNtVeyZrGZwcypCr6ZtfvX6M04hwhRmSsuvYifIyJBTFjExKvVSSBOERGpCuRo4iIr1sdsPEOtVO3wpjoR9X1sz9PZGhSMpxFOjOCKmhXKxNzf9q3VSFV15GeZIqwvF8UZgyS8XWNBCrTwXBio01ICyo/quFh0ggrHRsJR2Cs3jyMrjnVeeiWrurles3eRxFOIYTOAMHLqEODWhCCzA8wjO8wpvxZLwY78bHvLVg5DOH8EfG5w+zI5bw</latexit>

V+ = V�+ + VH�+

[RTD, Teresi] ‘21



SLIDING NATURALNESS [RTD, Teresi] ‘21

<latexit sha1_base64="LkOpky97IJjqLlduiNUpFd0V7eU="></latexit>

VH�± =

✓
��
F�

+
�+

F+
+ ✓

◆
G eG



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape
<latexit sha1_base64="Tyn54NIu9RjSFVcyU+cWmXbnv6E=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsB/QXUo2zbahSTYmWaGU/gkvHhTx6t/x5r8xbfegrQ8GHu/NMDMvVpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61TJppQpsk5anuxNhQziRtWmY57ShNsYg5bcej25nffqLasFQ+2LGikcADyRJGsHVSJ1RD1guV6JUrftWfA62SICcVyNHolb/CfkoyQaUlHBvTDXxlownWlhFOp6UwM1RhMsID2nVUYkFNNJnfO0VnTumjJNWupEVz9ffEBAtjxiJ2nQLboVn2ZuJ/XjezyXU0YVJllkqyWJRkHNkUzZ5HfaYpsXzsCCaauVsRGWKNiXURlVwIwfLLq6R1UQ0uq7X7WqV+k8dRhBM4hXMI4ArqcAcNaAIBDs/wCm/eo/fivXsfi9aCl88cwx94nz8dcJAI</latexit>

�±
<latexit sha1_base64="WlAfInymTu473j3dUsRZRUNxkJg=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokUtRl0UVdVrAPaEKYTG7aoZMHMxOlhG78FTcuFHHrZ7jzb5y2WWjrgQuHc+7l3nv8lDOpLOvbKK2srq1vlDcrW9s7u3vm/kFHJpmg0KYJT0TPJxI4i6GtmOLQSwWQyOfQ9Uc3U7/7AEKyJL5X4xTciAxiFjJKlJY888hJh8xz0gg3sfPIAlCMB4Cbnlm1atYMeJnYBamiAi3P/HKChGYRxIpyImXftlLl5kQoRjlMKk4mISV0RAbQ1zQmEUg3nz0wwadaCXCYCF2xwjP190ROIinHka87I6KGctGbiv95/UyFV27O4jRTENP5ojDjWCV4mgYOmACq+FgTQgXTt2I6JIJQpTOr6BDsxZeXSee8Zl/U6nf1auO6iKOMjtEJOkM2ukQNdItaqI0omqBn9IrejCfjxXg3PuatJaOYOUR/YHz+AK72ldQ=</latexit>

�±G eG



HOW DO WE OBSERVE THIS GENERAL IDEA?



Symmetric Sector
<latexit sha1_base64="RKn8M3ZqxHW4CZ17DhWMASvzs8A=">AAACAnicbVDLSsQwFE19juOr6krcBAfB1dCqqMtBNy4URnQeMC0lTdOZMElaklQYSnHjr7hxoYhbv8Kdf2PmsdAZDwQO55zLzT1hyqjSjvNtzc0vLC4tl1bKq2vrG5v21nZTJZnEpIETlsh2iBRhVJCGppqRdioJ4iEjrbB/OfRbD0Qqmoh7PUiJz1FX0JhipI0U2LvetQlHKMjvCo8xeBPknuSwzorArjhVZwQ4S9wJqYAJ6oH95UUJzjgRGjOkVMd1Uu3nSGqKGSnKXqZIinAfdUnHUIE4UX4+OqGAB0aJYJxI84SGI/X3RI64UgMemiRHuqemvaH4n9fJdHzu51SkmSYCjxfFGYM6gcM+YEQlwZoNDEFYUvNXiHtIIqxNa2VTgjt98ixpHlXd0+rx7UmldjGpowT2wD44BC44AzVwBeqgATB4BM/gFbxZT9aL9W59jKNz1mRmB/yB9fkDu02XAw==</latexit>

⇤S ⌧ MPl

<latexit sha1_base64="WVY0pi3UzoqsnQrB9/LvHk+SvSU=">AAAB/nicbVBNS8NAEJ3Ur1q/quLJy2IRBLEkRdSLUPTirRXsB7QhbLabdulmE3Y3QgkF/4oXD4p49Xd489+4aXvQ1gcDj/dmmJnnx5wpbdvfVm5peWV1Lb9e2Njc2t4p7u41VZRIQhsk4pFs+1hRzgRtaKY5bceS4tDntOUPbzO/9UilYpF40KOYuiHuCxYwgrWRvOJBzXPQNTqreRV0iro0Voxnesku2xOgReLMSAlmqHvFr24vIklIhSYcK9Vx7Fi7KZaaEU7HhW6iaIzJEPdpx1CBQ6rcdHL+GB0bpYeCSJoSGk3U3xMpDpUahb7pDLEeqHkvE//zOokOrtyUiTjRVJDpoiDhSEcoywL1mKRE85EhmEhmbkVkgCUm2iRWMCE48y8vkmal7FyU7fvzUvVmFkceDuEITsCBS6jCHdShAQRSeIZXeLOerBfr3fqYtuas2cw+/IH1+QMa1pOs</latexit>

O1 = �O2 + ✏

SM Landscape

Sensitive to the 

Higgs mass



<latexit sha1_base64="cJsaN376fYE48613Hn/5P+Qq43E=">AAAB9HicbVDLTgJBEJzFF+IL9ehlIjHxRHbVqEeiBzxiIo8ENmR2toEJsw9nejFkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5ldW19I79Z2Nre2d0r7h80dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xveTv3mCJQWUfiA4xjcgPVD0ROcoZHcaudJ+IBC+kCr3WLJLtsz0GXiZKREMtS6xa+OH/EkgBC5ZFq3HTtGN2UKBZcwKXQSDTHjQ9aHtqEhC0C76ezoCT0xik97kTIVIp2pvydSFmg9DjzTGTAc6EVvKv7ntRPsXbupCOMEIeTzRb1EUozoNAHqCwUc5dgQxpUwt1I+YIpxNDkVTAjO4svLpHFWdi7L5/cXpcpNFkeeHJFjckocckUq5I7USJ1w8kieySt5s0bWi/Vufcxbc1Y2c0j+wPr8AUdRkck=</latexit>

G eG

<latexit sha1_base64="FHkjZ1gQNdZdr+myq0RFJ2IWV08=">AAACAnicbVDLSgNBEJyNrxhfq57Ey2AQBCHsqqjHoBhy8BDBPCCJYXa2kwyZnV1mZpWwBC/+ihcPinj1K7z5N04eB00saCiquunu8iLOlHacbys1N7+wuJRezqysrq1v2JtbFRXGkkKZhjyUNY8o4ExAWTPNoRZJIIHHoer1Lod+9R6kYqG41f0ImgHpCNZmlGgjteydQuOB+aAZ9wEX8CHu42tcxFd3tGVnnZwzAp4l7oRk0QSllv3V8EMaByA05USpuutEupkQqRnlMMg0YgURoT3SgbqhggSgmsnohQHeN4qP26E0JTQeqb8nEhIo1Q880xkQ3VXT3lD8z6vHun3eTJiIYg2Cjhe1Y451iId5YJ9JoJr3DSFUMnMrpl0iCdUmtYwJwZ1+eZZUjnLuae745iSbv5jEkUa7aA8dIBedoTwqohIqI4oe0TN6RW/Wk/VivVsf49aUNZnZRn9gff4AGSeVTg==</latexit>

F eF + yLHE
c

<latexit sha1_base64="it2nrPQauO0sBz/eMktcKFm2YPc=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj00mMF+wFtCJvtpl262YTdiVBKf4QXD4p49fd489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJJpxpsskYnuhNRwKRRvokDJO6nmNA4lb4ej+5nffuLaiEQ94jjlfkwHSkSCUbRSux54pB5Ug1LZrbhzkFXi5aQMORpB6avXT1gWc4VMUmO6npuiP6EaBZN8WuxlhqeUjeiAdy1VNObGn8zPnZJzq/RJlGhbCslc/T0xobEx4zi0nTHFoVn2ZuJ/XjfD6NafCJVmyBVbLIoySTAhs99JX2jOUI4toUwLeythQ6opQ5tQ0YbgLb+8SlrVindduXy4Ktfu8jgKcApncAEe3EAN6tCAJjAYwTO8wpuTOi/Ou/OxaF1z8pkT+APn8wfW+o6Z</latexit>

H1H2

ALPs

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

<latexit sha1_base64="ZyTDdXNg0Uj6ZKWtexMCi7DsvBQ=">AAACCnicbVC7TsMwFHV4lvIKMLIYKiSmKkEVZaxggLFI9CE1UeW4t61VOwm2U6mKysrCr7AwgBArX8DG3+C2GaDlSFf36Jx7Zd8TxJwp7Tjf1tLyyuraem4jv7m1vbNr7+3XVZRICjUa8Ug2A6KAsxBqmmkOzVgCEQGHRjC4mviNIUjFovBOj2LwBemFrMso0UZq20cCexyUUkzgIfZMg3vslksPqScFvob6uG0XnKIzBV4kbkYKKEO1bX95nYgmAkJNOVGq5Tqx9lMiNaMcxnkvURATOiA9aBkaEgHKT6enjPGJUTq4G0lTocZT9fdGSoRSIxGYSUF0X817E/E/r5Xo7oWfsjBONIR09lA34VhHeJIL7jAJVPORIYRKZv6KaZ9IQrVJL29CcOdPXiT1s6J7XizdlgqVyyyOHDpEx+gUuaiMKugGVVENUfSIntErerOerBfr3fqYjS5Z2c4B+gPr8we3W5mn</latexit>

m . v ' 174 GeV

HL-LHC!

HL-LHC!



The size of the Universe 

The mass of all known particles 

WE DO NOT UNDERSTAND AT ALL 



Symmetry 
+ 

Accident
Landscape

Beyond  
local, unitary  

QFTs



<latexit sha1_base64="A0ltgFFu68WWgOuDw+VQVJp6lF8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSifeyKbly4qGAf0IYymUzaoZNJmJkIJfQj3LhQxK3f486/cdpGUNEDA4dzzmXuPX7CmdKO82EVVlbX1jeKm6Wt7Z3dvfL+QUfFqSS0TWIey56PFeVM0LZmmtNeIimOfE67/uRq7nfvqVQsFnd6mlAvwiPBQkawNlJ3cGOiAR6WK47dcNzGRQ0tSf08J9UGcm1ngQrkaA3L74MgJmlEhSYcK9V3nUR7GZaaEU5npUGqaILJBI9o31CBI6q8bLHuDJ0YJUBhLM0TGi3U7xMZjpSaRr5JRliP1W9vLv7l9VMd1r2MiSTVVJDlR2HKkY7R/HYUMEmJ5lNDMJHM7IrIGEtMtGmoZEr4uhT9Tzpntlu1q7fnleZlXkcRjuAYTsGFGjThGlrQBgITeIAneLYS69F6sV6X0YKVzxzCD1hvn5n1j8g=</latexit>

⇤
Symmetry 

+ 
Accident

Landscape
Beyond  

local, unitary  
QFTs



BACKUP 



<latexit sha1_base64="64f5NFAFhLQMzm8o5xQv7O+CXwM="></latexit>

hG eGi ' (yu + yd)hhif3
⇡(hhi)✓

Non-trivial!

1. U(1)A breaking that can interfere with QCD 
instantons 

2. Sensitivity to the Higgs mass (U(1)A breaking and/
or SU(3) running) 



Change of perspective:

<latexit sha1_base64="2dyZYvSI00BDw4PE5fFcr1sgs9c=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4GmaCRHMLeskxglkwmYSeTk/SpKdn6O4RwiR/4cWDIl79G2/+jZ1FcH1Q8Hiviqp6fsyZ0o7zbmVWVtfWN7Kbua3tnd29/P5BQ0WJJLROIh7Jlo8V5UzQumaa01YsKQ59Tpv+6GrmN++oVCwSN3ocUy/EA8ECRrA20m3YG3aLk+qkW+zlC45ddtxyyUW/iWs7cxRgiVov/9bpRyQJqdCEY6XarhNrL8VSM8LpNNdJFI0xGeEBbRsqcEiVl84vnqITo/RREElTQqO5+nUixaFS49A3nSHWQ/XTm4l/ee1EBxdeykScaCrIYlGQcKQjNHsf9ZmkRPOxIZhIZm5FZIglJtqElDMhfH6K/ieNou2WbOf6rFC5XMaRhSM4hlNw4RwqUIUa1IGAgHt4hCdLWQ/Ws/WyaM1Yy5lD+Abr9QNs7ZDF</latexit>

m
2
h|H|2

Can we find their origin early in the history of the Universe?

<latexit sha1_base64="A0ltgFFu68WWgOuDw+VQVJp6lF8=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiSifeyKbly4qGAf0IYymUzaoZNJmJkIJfQj3LhQxK3f486/cdpGUNEDA4dzzmXuPX7CmdKO82EVVlbX1jeKm6Wt7Z3dvfL+QUfFqSS0TWIey56PFeVM0LZmmtNeIimOfE67/uRq7nfvqVQsFnd6mlAvwiPBQkawNlJ3cGOiAR6WK47dcNzGRQ0tSf08J9UGcm1ngQrkaA3L74MgJmlEhSYcK9V3nUR7GZaaEU5npUGqaILJBI9o31CBI6q8bLHuDJ0YJUBhLM0TGi3U7xMZjpSaRr5JRliP1W9vLv7l9VMd1r2MiSTVVJDlR2HKkY7R/HYUMEmJ5lNDMJHM7IrIGEtMtGmoZEr4uhT9Tzpntlu1q7fnleZlXkcRjuAYTsGFGjThGlrQBgITeIAneLYS69F6sV6X0YKVzxzCD1hvn5n1j8g=</latexit>

⇤



Mysterium Cosmographicum



<latexit sha1_base64="WEhjw4C2KmUfiWinoBYAbgxKSTc=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInuKuBPUY9OLBQwTzgOwSZiezyZCZ3WUeQgz5Ei8eFPHqp3jzb5wke9BoQUNR1U13V5RxprTnfTmFldW19Y3iZmlre2e37O7tt1RqJKFNkvJUdiKsKGcJbWqmOe1kkmIRcdqORtczv/1ApWJpcq/HGQ0FHiQsZgRrK/XccpANGQoUE+j2NBCm51a8qjcH+kv8nFQgR6Pnfgb9lBhBE004Vqrre5kOJ1hqRjidlgKjaIbJCA9o19IEC6rCyfzwKTq2Sh/FqbSVaDRXf05MsFBqLCLbKbAeqmVvJv7ndY2OL8MJSzKjaUIWi2LDkU7RLAXUZ5ISzceWYCKZvRWRIZaYaJtVyYbgL7/8l7TOqv55tXZXq9Sv8jiKcAhHcAI+XEAdbqABTSBg4Ale4NV5dJ6dN+d90Vpw8pkD+AXn4xvDSpKF</latexit>

� ⇠ L/µ
<latexit sha1_base64="M00DYbziU8VVyI+kucO2JSqikJk=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIrmoiRV0W3bisYB/QhDKZTNqhM0mYmQglFPwVNy4Ucet3uPNvnLZZaOuBgcM593DvnCDlTGnH+bZKK6tr6xvlzcrW9s7unr1/0FZJJgltkYQnshtgRTmLaUszzWk3lRSLgNNOMLqd+p1HKhVL4gc9Tqkv8CBmESNYG6lvH3npkCFPMYE8kZ173ERD3LerTs2ZAS0TtyBVKNDs219emJBM0FgTjpXquU6q/RxLzQink4qXKZpiMsID2jM0xoIqP5+dP0GnRglRlEjzYo1m6u9EjoVSYxGYSYH1UC16U/E/r5fp6NrPWZxmmsZkvijKONIJmnaBQiYp0XxsCCaSmVsRGWKJiTaNVUwJ7uKXl0n7ouZe1ur39WrjpqijDMdwAmfgwhU04A6a0AICOTzDK7xZT9aL9W59zEdLVpE5hD+wPn8AfHCVMg==</latexit>

� ⇠ µ/�

SIMPLE UV COMPLETION

<latexit sha1_base64="rpHJCzSqznY8F4cdm7Wy0J5lvd4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQLGWm1sdGKLpx4aKCfUBnLJk07YQmM0OSEcrQL3Hjr7hxoYjgSv/GzLQLbT0QODnn3pvc40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaMBaSiqGGlHgiDuMdLyhlep33ogQtIwuFOjiLgcDQLapxgpLXXNk1Y3cSKfjuEFvIFO3afwCDo8zuh9Jb0wPa2HJsKxU4IlWOiaRatsZYDzxJ6SIpii3jU/nV6IY04ChRmSsmNbkXITJBTFjIwLTixJhPAQDUhH0wBxIt0kW28MD7TSg/1Q6BMomKm/OxLEpRxxT1dypHw566Xif14nVv1zN6FBFCsS4MlD/ZhBFcI0K9ijgmDFRpogLKj+K8Q+EggrnWgagj278jxpVsr2abl6Wy3WLqdx5MEe2AeHwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2PSWnOmPbsgj8wvn4A9zOeoQ==</latexit>

W� = L�+ µ�2 + ��3 ,

[RTD, Teresi] ‘21



<latexit sha1_base64="rpHJCzSqznY8F4cdm7Wy0J5lvd4=">AAACHnicbVDLSgMxFM3UV62vUZdugkUQLGWm1sdGKLpx4aKCfUBnLJk07YQmM0OSEcrQL3Hjr7hxoYjgSv/GzLQLbT0QODnn3pvc40WMSmVZ30ZuYXFpeSW/Wlhb39jcMrd3mjKMBSYNHLJQtD0kCaMBaSiqGGlHgiDuMdLyhlep33ogQtIwuFOjiLgcDQLapxgpLXXNk1Y3cSKfjuEFvIFO3afwCDo8zuh9Jb0wPa2HJsKxU4IlWOiaRatsZYDzxJ6SIpii3jU/nV6IY04ChRmSsmNbkXITJBTFjIwLTixJhPAQDUhH0wBxIt0kW28MD7TSg/1Q6BMomKm/OxLEpRxxT1dypHw566Xif14nVv1zN6FBFCsS4MlD/ZhBFcI0K9ijgmDFRpogLKj+K8Q+EggrnWgagj278jxpVsr2abl6Wy3WLqdx5MEe2AeHwAZnoAauQR00AAaP4Bm8gjfjyXgx3o2PSWnOmPbsgj8wvn4A9zOeoQ==</latexit>

W� = L�+ µ�2 + ��3 ,

<latexit sha1_base64="SBRqA4zBQ7vt/L7WSiKuM0MxwZk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0UoCCHRom6EohuXFewDmlom00kzdGYSZiZCCf0FN/6KGxeKuHXnzr9xmnahrQcuHM65l3vvCRJGlXbdb6uwtLyyulZcL21sbm3v2Lt7TRWnEpMGjlks2wFShFFBGppqRtqJJIgHjLSC4fXEbz0QqWgs7vQoIV2OBoKGFCNtpJ5dafYyX3IYjC99kijKYgF9nkI/iej96XHuRQ52xj277DpuDrhIvBkpgxnqPfvL78c45URozJBSHc9NdDdDUlPMyLjkp4okCA/RgHQMFYgT1c3yj8bwyCh9GMbSlNAwV39PZIgrNeKB6eRIR2rem4j/eZ1UhxfdjIok1UTg6aIwZVDHcBIP7FNJsGYjQxCW1NwKcYQkwtqEWDIhePMvL5LmieOdOdXbarl2NYujCA7AIagAD5yDGrgBddAAGDyCZ/AK3qwn68V6tz6mrQVrNrMP/sD6/AEiVpyS</latexit>

Vb = ✏µ�3 + h.c.

Crunch
Safe

SIMPLE UV COMPLETION [RTD, Teresi] ‘21



TOY MODEL (zoom in on shallow minimum)

<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

TOY MODEL (zoom in on shallow minimum)

<latexit sha1_base64="pcfa3QRa7YDQDQfsvyYoMHpbiX0=">AAACEHicbVDLSsNAFJ34rPUVdelmsIhCoSalqMuiGzdCBfuAJobJZNIOnTw6MymUkE9w46+4caGIW5fu/BunbRbaeuDC4Zx7Z+49bsyokIbxrS0tr6yurRc2iptb2zu7+t5+S0QJx6SJIxbxjosEYTQkTUklI52YExS4jLTdwfXEb48IFzQK7+U4JnaAeiH1KUZSSY5+cuuUoUWGCR1BSwy5TAMnteI+dcrZQ/XMYuopD2XQ0UtGxZgCLhIzJyWQo+HoX5YX4SQgocQMCdE1jVjaKeKSYkayopUIEiM8QD3SVTREARF2Oj0og8dK8aAfcVWhhFP190SKAiHGgas6AyT7Yt6biP953UT6l3ZKwziRJMSzj/yEQRnBSTrQo5xgycaKIMyp2hXiPuIIS5VhUYVgzp+8SFrVinleqd3VSvWrPI4COARH4BSY4ALUwQ1ogCbA4BE8g1fwpj1pL9q79jFrXdLymQPwB9rnD9hlnHw=</latexit>

M+ ⌘
q
m2

�+
/�<latexit sha1_base64="n7WW4jVfue4uiN38/e+v0bmDIIU=">AAACEHicbVC7TsMwFHV4lvIKMLJYVAiWlqSqgLGChQWpSPQhNSFyHKe16jxqO5WqKJ/Awq+wMIAQKyMbf4PbZoCWI13p6Jx77XuPGzMqpGF8a0vLK6tr64WN4ubW9s6uvrffElHCMWniiEW84yJBGA1JU1LJSCfmBAUuI213cD3x2yPCBY3CezmOiR2gXkh9ipFUkqOf3DplaJFhQkfQEkMu08BJrbhPnXL2UD2zmHrKQxl09JJRMaaAi8TMSQnkaDj6l+VFOAlIKDFDQnRNI5Z2irikmJGsaCWCxAgPUI90FQ1RQISdTg/K4LFSPOhHXFUo4VT9PZGiQIhx4KrOAMm+mPcm4n9eN5H+pZ3SME4kCfHsIz9hUEZwkg70KCdYsrEiCHOqdoW4jzjCUmVYVCGY8ycvkla1Yp5Xane1Uv0qj6MADsEROAUmuAB1cAMaoAkweATP4BW8aU/ai/aufcxal7R85gD8gfb5A97XnIA=</latexit>

M� ⌘
q
m2

��
/�



<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

[RTD, Teresi] ‘21SLIDING NATURALNESS



<latexit sha1_base64="YfEUYtItZfvg/VAgHbNm7Kr37a8=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqs5IUZdFQdwIFewDOsOQSTNtaJIZkoxYhv6KGxeKuPVH3Pk3ZtpZaOuBezmccy+5OWHCqNKO822VVlbX1jfKm5Wt7Z3dPXu/2lFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HF/nfveRSEVj8aAnCfE5GgoaUYy0kQK7ehd4CT+9yTv0GIMuDOyaU3dmgMvELUgNFGgF9pc3iHHKidCYIaX6rpNoP0NSU8zItOKliiQIj9GQ9A0ViBPlZ7Pbp/DYKAMYxdKU0HCm/t7IEFdqwkMzyZEeqUUvF//z+qmOLv2MiiTVROD5Q1HKoI5hHgQcUEmwZhNDEJbU3ArxCEmEtYmrYkJwF7+8TDpndfe83rhv1JpXRRxlcAiOwAlwwQVoglvQAm2AwRN4Bq/gzZpaL9a79TEfLVnFzgH4A+vzB/48kx8=</latexit>

M±/F± ⌧ 1

<latexit sha1_base64="xAVwi9J4UsWGSBuNqNo0sEQdZgA=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgpjWRoi6LgrgRKtgHNCFMppN26OTBzI1YQn/FjQtF3Poj7vwbp20W2nrgwuGce7n3Hj8RXIFlfRuFldW19Y3iZmlre2d3z9wvt1WcSspaNBax7PpEMcEj1gIOgnUTyUjoC9bxR9dTv/PIpOJx9ADjhLkhGUQ84JSAljyzfOdVT2+8KnaEwA4MGRDPrFg1awa8TOycVFCOpmd+Of2YpiGLgAqiVM+2EnAzIoFTwSYlJ1UsIXREBqynaURCptxsdvsEH2ulj4NY6ooAz9TfExkJlRqHvu4MCQzVojcV//N6KQSXbsajJAUW0fmiIBUYYjwNAve5ZBTEWBNCJde3YjokklDQcZV0CPbiy8ukfVazz2v1+3qlcZXHUUSH6AidIBtdoAa6RU3UQhQ9oWf0it6MifFivBsf89aCkc8coD8wPn8AAxaTKA==</latexit>

M�/F� ⌧ ✓

<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Familiar from QCD 
<latexit sha1_base64="vre6RFXvi8uckNTqUQahGizC+2E=">AAACBHicbVBNS8NAEN3Ur1q/oh57WSyCp5JIUY9FQTxWsB/QhLDZbtqlu0nYnSil9ODFv+LFgyJe/RHe/Ddu2xy09cHA470ZZuaFqeAaHOfbKqysrq1vFDdLW9s7u3v2/kFLJ5mirEkTkahOSDQTPGZN4CBYJ1WMyFCwdji8mvrte6Y0T+I7GKXMl6Qf84hTAkYK7PJ14KUSe4JFoHh/AESp5AFHRuWBXXGqzgx4mbg5qaAcjcD+8noJzSSLgQqiddd1UvDHRAGngk1KXqZZSuiQ9FnX0JhIpv3x7IkJPjZKD0eJMhUDnqm/J8ZEaj2SoemUBAZ60ZuK/3ndDKILf8zjNAMW0/miKBMYEjxNBPe4YhTEyBBCFTe3YjogilAwuZVMCO7iy8ukdVp1z6q121qlfpnHUURldIROkIvOUR3doAZqIooe0TN6RW/Wk/VivVsf89aClc8coj+wPn8AuYKYKg==</latexit>

F± $ f⇡

Small Breaking of Shift-Symmetry at low Energy

<latexit sha1_base64="SgzJosAJxbh7elE4h9XP/a4j2ik=">AAACA3icbVBNS8NAEN34WetX1JteFovgqSRS1GPRixehgv2AJoTNdtMu3U3i7kQppeDFv+LFgyJe/RPe/Ddu2xy09cHA470ZZuaFqeAaHOfbWlhcWl5ZLawV1zc2t7btnd2GTjJFWZ0mIlGtkGgmeMzqwEGwVqoYkaFgzbB/Ofab90xpnsS3MEiZL0k35hGnBIwU2PvXgZdK7AkWgeLdHhClkgcsgzsc2CWn7EyA54mbkxLKUQvsL6+T0EyyGKggWrddJwV/SBRwKtio6GWapYT2SZe1DY2JZNofTn4Y4SOjdHCUKFMx4In6e2JIpNYDGZpOSaCnZ72x+J/XziA694c8TjNgMZ0uijKBIcHjQHCHK0ZBDAwhVHFzK6Y9oggFE1vRhODOvjxPGidl97RcuamUqhd5HAV0gA7RMXLRGaqiK1RDdUTRI3pGr+jNerJerHfrY9q6YOUze+gPrM8fp8CXig==</latexit>

M± $ mq

[RTD, Teresi] ‘21SLIDING NATURALNESS



<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

<latexit sha1_base64="/XY6KCny40j0AMJ90LuoopRGxEs="></latexit>

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆
+ ✓

��
F�

+ ...

�

[RTD, Teresi] ‘21SLIDING NATURALNESS



[RTD, Teresi] ‘21SLIDING NATURALNESS
<latexit sha1_base64="RhEOFz7sGN9lMTKkhggOevajSEE="></latexit>

VH�� ' ✓e↵⇤
4
QCD(hhi)

��
F�



Field ϕ-

Po
te
nt
ia
lV

(ϕ
-
)

〈h〉≲v

〈h〉≳v

Field ϕ+

Po
te
nt
ia
lV

(ϕ
+
)

〈h〉≳v, θ≪1
〈h〉≲v or θ~1

[RTD, Teresi] ‘21SLIDING NATURALNESS
<latexit sha1_base64="RhEOFz7sGN9lMTKkhggOevajSEE="></latexit>

VH�� ' ✓e↵⇤
4
QCD(hhi)

��
F�



[RTD, Teresi] ‘21SLIDING NATURALNESS

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆



Field ϕ-

Po
te
nt
ia
lV

(ϕ
-
)

〈h〉≲v

〈h〉≳v

Field ϕ+

Po
te
nt
ia
lV

(ϕ
+
)

〈h〉≳v, θ≪1
〈h〉≲v or θ~1

[RTD, Teresi] ‘21SLIDING NATURALNESS

<latexit sha1_base64="t+qKpKDnHEtyD5omlWcVOgzKzxY="></latexit>

VH�+ ' ⇤4
QCD(hhi)

✓
✓
�+

F+
+

�2
+

F 2
+

◆



<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Solve Strong-CP and Hierarchy problem!

[RTD, Teresi] ‘21SLIDING NATURALNESS



10-23 10-22 10-21 10-20 10-19
10-13

10-12

10-11

10-10

10-9

Scalar mass mϕ+ in eV

θ 0
an
gl
e
to
da
y

ϕ +
dar
k m
atte
r

to
o
fu
zz
y
D
M

Ly
-
α,
SH
M
F

Er
iI
Ie
xi
st
en
ce

V
RO

H
ER
A

excluded by EDMs

future nEDMs

[RTD, Teresi] ‘21SLIDING NATURALNESS



SLIDING NATURALNESS
[RTD, Teresi] ‘21

<latexit sha1_base64="1CTkTRPuBhVpL+E6mbgMbTQldmg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiIB4rmLbQhrLZbtqlu5uwuxFC6G/w4kERr/4gb/4bt20O2vpg4PHeDDPzwoQzbVz32ymtrW9sbpW3Kzu7e/sH1cOjto5TRahPYh6rbog15UxS3zDDaTdRFIuQ0044uZ35nSeqNIvlo8kSGgg8kixiBBsr+XeDfiIG1Zpbd+dAq8QrSA0KtAbVr/4wJqmg0hCOte55bmKCHCvDCKfTSj/VNMFkgke0Z6nEguognx87RWdWGaIoVrakQXP190SOhdaZCG2nwGasl72Z+J/XS010HeRMJqmhkiwWRSlHJkazz9GQKUoMzyzBRDF7KyJjrDAxNp+KDcFbfnmVtC/q3mW98dCoNW+KOMpwAqdwDh5cQRPuoQU+EGDwDK/w5kjnxXl3PhatJaeYOYY/cD5/AJ7ljpM=</latexit>

F±
<latexit sha1_base64="X5g5lKw+r5b4mP3eEu6n11sARF8="></latexit>

VH�± = �↵s

8⇡

✓
�+

F+
+

��
F�

+ ✓

◆
eGG ,

Break scale invariance  
but not shift symmetry

<latexit sha1_base64="R9Ao5X6Jy3HYMn41ae+7N7ezQqs=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiFy9CBdMW2lA22027dHcTdjdCCP0NXjwo4tUf5M1/47bNQVsfDDzem2FmXphwpo3rfjultfWNza3ydmVnd2//oHp41NZxqgj1Scxj1Q2xppxJ6htmOO0mimIRctoJJ7czv/NElWaxfDRZQgOBR5JFjGBjJf9+0E/EoFpz6+4caJV4BalBgdag+tUfxiQVVBrCsdY9z01MkGNlGOF0WumnmiaYTPCI9iyVWFAd5PNjp+jMKkMUxcqWNGiu/p7IsdA6E6HtFNiM9bI3E//zeqmJroOcySQ1VJLFoijlyMRo9jkaMkWJ4ZklmChmb0VkjBUmxuZTsSF4yy+vkvZF3busNx4ateZNEUcZTuAUzsGDK2jCHbTABwIMnuEV3hzpvDjvzseiteQUM8fwB87nD6mdjpo=</latexit>

M±
Breaks scale invariance  

and shift symmetry

<latexit sha1_base64="3exMDenkkNz2MmLbjBTlEYcP9j4="></latexit>

V�± = ⌥
m2

�±

2
�2
± � �

4
�4
±

Classically scale invariant 
(or supersymmetric)

<latexit sha1_base64="tqjVZC6nIEwyx+9bpcXSPozryhY="></latexit>

V�± = �0
±S

2
±�

2
± + �±�

4
± .



AN AXION THAT IS AN AXION

<latexit sha1_base64="Hy17JMO5nx1neSDlrdbBJZ+CiMM=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsgqsyU4q6LLpx4aKCfUBnGDKZTBuaeZBkhDJ046+4caGIWz/DnX9j2o6grQcCJ+ecS3KPn3ImlWV9GaWV1bX1jfJmZWt7Z3fP3D/oyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/up763QcqJEviezVOqRvhQcxCRrDSkmceObc6HGDPRs5ggH5udc+sWjVrBrRM7IJUoUDLMz+dICFZRGNFOJayb1upcnMsFCOcTipOJmmKyQgPaF/TGEdUuvlsgQk61UqAwkToEys0U39P5DiSchz5OhlhNZSL3lT8z+tnKrx0cxanmaIxmT8UZhypBE3bQAETlCg+1gQTwfRfERligYnSnVV0CfbiysukU6/Z57XGXaPavCrqKMMxnMAZ2HABTbiBFrSBwASe4AVejUfj2Xgz3ufRklHMHMIfGB/f9yiVXw==</latexit>

⇤1 � ⇤2
<latexit sha1_base64="u1u0scD9pWJwVm/+s4VvzsbyJA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9hsN+nSzW7Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tMEdohkkvVD7GmnAnaMcxw2k8VxUnIaS+c3M393hNVmknxaKYp9RMcCxYxgo2VBlHgoWEcoyhoBNWaW3cXQOvEK0gNCrSD6tdwJEmWUGEIx1oPPDc1fo6VYYTTWWWYaZpiMsExHVgqcEK1ny9OnqELq4xQJJUtYdBC/T2R40TraRLazgSbsV715uJ/3iAz0Y2fM5FmhgqyXBRlHBmJ5v+jEVOUGD61BBPF7K2IjLHCxNiUKjYEb/XlddJt1L2revOhWWvdFnGU4QzO4RI8uIYW3EMbOkBAwjO8wptjnBfn3flYtpacYuYU/sD5/AHFzJBI</latexit>

f1 � f2

<latexit sha1_base64="RmsSV7UaySZ6es/oAiZixTgi4m8="></latexit>

V� = ⇤4
1 cos

✓
�

f1

◆
+ ⇤4

2 cos

✓
�

f2
+ ✓2

◆



AN AXION THAT IS AN AXION

<latexit sha1_base64="Hy17JMO5nx1neSDlrdbBJZ+CiMM=">AAACAHicbVDLSgMxFL1TX7W+Rl24cBMsgqsyU4q6LLpx4aKCfUBnGDKZTBuaeZBkhDJ046+4caGIWz/DnX9j2o6grQcCJ+ecS3KPn3ImlWV9GaWV1bX1jfJmZWt7Z3fP3D/oyCQThLZJwhPR87GknMW0rZjitJcKiiOf064/up763QcqJEviezVOqRvhQcxCRrDSkmceObc6HGDPRs5ggH5udc+sWjVrBrRM7IJUoUDLMz+dICFZRGNFOJayb1upcnMsFCOcTipOJmmKyQgPaF/TGEdUuvlsgQk61UqAwkToEys0U39P5DiSchz5OhlhNZSL3lT8z+tnKrx0cxanmaIxmT8UZhypBE3bQAETlCg+1gQTwfRfERligYnSnVV0CfbiysukU6/Z57XGXaPavCrqKMMxnMAZ2HABTbiBFrSBwASe4AVejUfj2Xgz3ufRklHMHMIfGB/f9yiVXw==</latexit>

⇤1 � ⇤2
<latexit sha1_base64="u1u0scD9pWJwVm/+s4VvzsbyJA0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9hsN+nSzW7Y3Qgl9Gd48aCIV3+NN/+N2zYHbX0w8Hhvhpl5YcqZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tMEdohkkvVD7GmnAnaMcxw2k8VxUnIaS+c3M393hNVmknxaKYp9RMcCxYxgo2VBlHgoWEcoyhoBNWaW3cXQOvEK0gNCrSD6tdwJEmWUGEIx1oPPDc1fo6VYYTTWWWYaZpiMsExHVgqcEK1ny9OnqELq4xQJJUtYdBC/T2R40TraRLazgSbsV715uJ/3iAz0Y2fM5FmhgqyXBRlHBmJ5v+jEVOUGD61BBPF7K2IjLHCxNiUKjYEb/XlddJt1L2revOhWWvdFnGU4QzO4RI8uIYW3EMbOkBAwjO8wptjnBfn3flYtpacYuYU/sD5/AHFzJBI</latexit>

f1 � f2

<latexit sha1_base64="RmsSV7UaySZ6es/oAiZixTgi4m8="></latexit>

V� = ⇤4
1 cos

✓
�

f1

◆
+ ⇤4

2 cos

✓
�

f2
+ ✓2

◆



<latexit sha1_base64="YDXDcCO52Y5JfCsntGPFi+b4yr8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoseilx4r2A9oQ9hst+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1LDpVC8hQIl7yaa0yiUvBNO7ud+54lrI2L1iNOE+xEdKTEUjKKVOo3AI42gFpQrbtVdgKwTLycVyNEMyl/9QczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmQYaxtKSQL9fdERiNjplFoOyOKY7PqzcX/vF6Kw1s/EypJkSu2XDRMJcGYzH8nA6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmnXqt511X24qtTv8jiKcAbncAke3EAdGtCEFjCYwDO8wpuTOC/Ou/OxbC04+cwp/IHz+QPVsI6V</latexit>

H1H2

Protected by the Z2 symmetry 

<latexit sha1_base64="OciQpV6msnZskh0NzveQTGXpZis=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIbixJqeiy6KbLCvYBbQiT6aQdOpmEmYlQQsFfceNCEbd+hzv/xmmbhbYeGDhzzr3ce0+QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqrOJWEtkjMY9kNsKKcCdrSTHPaTSTFUcBpJxjfzfzOI5WKxeJBTxLqRXgoWMgI1kby7ZOG76KGX0V9HaNLlP98u+xUnDnQKnFzUoYcTd/+6g9ikkZUaMKxUj3XSbSXYakZ4XRa6qeKJpiM8ZD2DBU4osrL5utP0blRBiiMpXlCo7n6uyPDkVKTKDCVEdYjtezNxP+8XqrDGy9jIkk1FWQxKEw5MqfOskADJinRfGIIJpKZXREZYYmJNomVTAju8smrpF2tuFcV575Wrt/mcRThFM7gAly4hjo0oAktIJDBM7zCm/VkvVjv1seitGDlPcfwB9bnDwAmku8=</latexit>

H1H2 ! �H1H2

H1H2 without Z2 first considered as 
‘paleo’-trigger in: [Espinosa, 

Grojean,Panico, Pomarol, Pujolas ’15],
[Dvali, Vilenkin ’01]. Today these models 
require two coincidences of scales to be 

alive at the LHC.

[Arkani-Hamed, RTD, Kim, ’20]



<latexit sha1_base64="2DQIHGomfc8aOLbm6eq3vjQLEgo="></latexit>

VH1H2 = m
2
1|H1|2 +m

2
2|H2|2 +

�1

2
|H1|4 +

�2

2
|H2|4

+�3|H1|2|H2|2 + �4|H1H2|2 +
✓
�5

2
(H1H2)

2 + h.c.

◆

<latexit sha1_base64="B8QKMYgNtyXTR8YqabbrqmtstnE=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEF1JmRK2bQqkblxXsAzrDkMmkbWiSGZKMUIaCv+LGhSJu/Q53/o1pOwttPRA4nHMP9+aECaNKO863VVhZXVvfKG6WtrZ3dvfs/YO2ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHodup3HolUNBYPepwQn6OBoH2KkTZSYB81PJ7WPGYSEQqy63NYndScwC47FWcGuEzcnJRBjmZgf3lRjFNOhMYMKdVznUT7GZKaYkYmJS9VJEF4hAakZ6hAnCg/m50/gadGiWA/luYJDWfq70SGuFJjHppJjvRQLXpT8T+vl+r+jZ9RkaSaCDxf1E8Z1DGcdgEjKgnWbGwIwpKaWyEeIomwNo2VTAnu4peXSfui4l5VnPvLcr2R11EEx+AEnAEXVEEd3IEmaAEMMvAMXsGb9WS9WO/Wx3y0YOWZQ/AH1ucPZ3yUeA==</latexit>

Bµ = �6,7 = 0

<latexit sha1_base64="gNTK5UTeMOsIJ4KP3bUYtm7RbBQ="></latexit>

H1H2

�
Bµ+ �6|H1|2 + �7|H2|2

�

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



<latexit sha1_base64="Mf8Uwp4mfI4vp639BJmPA0sHkkE="></latexit>

m2
H

⇠ �1v
2
1  m2

h
= (125 GeV)2

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



For quarks and leptons we choose the phenomenologically 
safest Z2 charge assignments

This gives

<latexit sha1_base64="YNhWm2M3HY1EriYmscvrnMveByg=">AAACQXicbZBLS8NAFIUn9VXrK+rSzWARKmhJiqjLopsuK9gHNDFMJtN26OTRmYlQQv+aG/+BO/duXCji1o3TNNhavTDwcc693LnHjRgV0jCetdzS8srqWn69sLG5tb2j7+41RRhzTBo4ZCFvu0gQRgPSkFQy0o44Qb7LSMsdXE/81j3hgobBrRxFxPZRL6BdipFUkqO3a04FWjKEp1DRCbSGMfJgaRjf4eNUnuLM8GaGN28w8mOk6OhFo2ykBf+CmUERZFV39CfLC3Hsk0BihoTomEYk7QRxSTEj44IVCxIhPEA90lEYIJ8IO0kTGMMjpXiwG3L1AglTdX4iQb4QI99VnT6SfbHoTcT/vE4su5d2QoMoliTA00XdmEF16CRO6FFOsGQjBQhzqv4KcR9xhKUKvaBCMBdP/gvNStk8L1duzorVqyyOPDgAh6AETHABqqAG6qABMHgAL+ANvGuP2qv2oX1OW3NaNrMPfpX29Q3MFKsh</latexit>

H2 ! �H2, (quc) ! �(quc), (qdc) ! �(qdc), (lec) ! �(lec)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



Sharp target for HL-LHC and FCC  
which can’t be decoupled! 

(See also the next slide)

[Arkani-Hamed, RTD, Kim, ’20]
TYPE-0 2HDM



[Arkani-Hamed, RTD, Kim, ’20]


