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where are we?
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Uncertainty bands: 
1-sigma top pole mass

mt = 172.76± 0.30 GeV
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Higgs quartic



vacuum 
metastability

Plot taken from T Steudtner @ “Asymptotic Safety Meets Particle Physics” (Desy ’24)



SM vacuum stability 2012 (Degrassi et al. 1205.6497v2) 
 Buttazzo et al. 1307.3536v4

SM

Plots taken from Buttazzo et al. 1307.3536v4



Q: can we ascertain or refute vacuum 
stability at the 5-sigma level?



SM vacuum stability revisited

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

Input from theory:

matching observables 
to MSbar

RG running

effective potential

at least 2L (+ 3L QCD)

4L gauge (+ 5L QCD)

3L Yukawa + 3L quartic (+4L QCD)

3L (+ 4L QCD) + RG improvement

Martin, Patel ‘18

Davies, Herren, Poole, Steinhauer, Thomsen ’19
Baikov et al ’16, , Herzog et al ’17, Luthe et al ‘17

Chetyrkin, Zoller ’13-’16
Bednyakov et al ’12-‘14

Ford, Jack, Jones ’92,  Martin ’13-‘17

stability:

matching at reference scale 
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µref = 200GeV



SM vacuum stability revisited

Stability is dominated by RG running



SM vacuum stability revisited
G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

Input from experiment:   observables that determine vacuum stability

Z, Higgs, Top pole mass

strong coupling
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↵(5)
s (µ = MZ)
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Me,µ,⌧
<latexit sha1_base64="GPHHnf4TrXcKoQ7Gn3PT5/bMb0U=">AAACA3icbVA9SwNBEJ3zM8avqKXNYhBiE+5Eoo0QtLGMYD4gd4S9zV6yZHfv2N0TwpHSv2CrvZ3Y+kNs/SVukis08cEwj/dmmOGFCWfauO6Xs7K6tr6xWdgqbu/s7u2XDg5bOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYej26nffqRKs1g+mHFCA4EHkkWMYGMlX/TCii/Sa9vPeqWyW3VnQMvEy0kZcjR6pW+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGY/T9CpVfooipUtadBM/b2RYaH1WIR2UmAz1IveVPzXC8XCZRNdBRmTSWqoJPPDUcqRidE0ENRnihLDx5Zgopj9HZEhVpgYG1vRhuItRrBMWudVr1at3V+U6zd5PAU4hhOogAeXUIc7aEATCCTwDC/w6jw5b8678zEfXXHynSP4A+fzB6Lil8s=</latexit>

mb(µ = mb)
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mu,d,s(µ = 2GeV)

lepton masses

light quark masses

fine structure constant

Fermi constant
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M t
<latexit sha1_base64="kq8SCm/EFsUfIS5cdWGIqDnyHWA=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwCrsiiWXQxkaIaB6YLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcZJsoYkHLhzOuZdzOUHMmTau++XkVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ19VuPVGkWyXszjqkv8ECykBFsrHR303voFUtu2Z0BLRMvIyXIUO8Vv7v9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dPbqBJ1YpY/CSNmRBs3U3xcpFlqPRWA3BTZDvehNxX+9QCwkm/DCT5mME0MlmQeHCUcmQtMeUJ8pSgwfW4KJYvZ3RIZYYWJsWwVbirdYwTJpnpW9Srlye16qXWb15OEIjuEUPKhCDa6hDg0gMIBneIFX58l5c96dj/lqzsluDuEPnM8fTQyUTw==</latexit>

M Z

data from PDG 2024



SM vacuum stability revisited
G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

Input from experiment:   observables that determine vacuum stability

Z, Higgs, Top pole mass

strong coupling
<latexit sha1_base64="UVZXfUS2ukZrxl87+qOS1YGYupY=">AAACEHicbVDLSsNAFJ3UV62vqAsXboJFaDclEa1uhKIbN0IF24pNDJPppB06MwkzE6GE/IS/4Fb37sStf+DWL3HaZqGtBy4czrmXe+8JYkqksu0vo7CwuLS8Ulwtra1vbG6Z2zttGSUC4RaKaCTuAigxJRy3FFEU38UCQxZQ3AmGl2O/84iFJBG/VaMYewz2OQkJgkpLvrnnQhoP4ENaOalmvqy4LDm/9u+rvlm2a/YE1jxxclIGOZq++e32IpQwzBWiUMquY8fKS6FQBFGcldxE4hiiIezjrqYcMiy9dPJAZh1qpWeFkdDFlTVRf0+kkEk5YoHuZFAN5Kw3Fv/1AjazWYVnXkp4nCjM0XRxmFBLRdY4HatHBEaKjjSBSBB9u4UGUECkdIYlHYozG8E8aR/VnHqtfnNcblzk8RTBPjgAFeCAU9AAV6AJWgCBDDyDF/BqPBlvxrvxMW0tGPnMLvgD4/MH2nycJA==</latexit>

↵(5)
s (µ = MZ)

<latexit sha1_base64="Mao+l42Fl8XV8BXxASxXSMRIbmE=">AAAB/3icbVC7SgNBFL0bXzG+opY2g0GwCrsi0TJoYxnBPCBZwt3JbDJkdnaZmRXCksJfsNXeTmz9FFu/xEmyhSYeuHA4517O5QSJ4Nq47pdTWFvf2Nwqbpd2dvf2D8qHRy0dp4qyJo1FrDoBaia4ZE3DjWCdRDGMAsHawfh25rcfmdI8lg9mkjA/wqHkIadorNTpoUhG2Gf9csWtunOQVeLlpAI5Gv3yd28Q0zRi0lCBWnc9NzF+hspwKti01Es1S5COcci6lkqMmPaz+b9TcmaVAQljZUcaMld/X2QYaT2JArsZoRnpZW8m/usF0VKyCa/9jMskNUzSRXCYCmJiMiuDDLhi1IiJJUgVt78TOkKF1NjKSrYUb7mCVdK6qHq1au3+slK/yespwgmcwjl4cAV1uIMGNIGCgGd4gVfnyXlz3p2PxWrByW+O4Q+czx9qupah</latexit>↵e

<latexit sha1_base64="gogpv+Is/dpRrZqIaL8/vOj9If4=">AAACBXicbVC7SgNBFJ2NrxhfUUubwSBYhLArEi2DNjZCBPOA7BpmJ5NkyMzsMnNXCEtqf8FWezux9Tts/RInyRaaeODC4Zx7OZcTxoIbcN0vJ7eyura+kd8sbG3v7O4V9w+aJko0ZQ0aiUi3Q2KY4Io1gINg7VgzIkPBWuHoeuq3Hpk2PFL3MI5ZIMlA8T6nBKz0cNtNWdmXSdkHkky6xZJbcWfAy8TLSAllqHeL334voolkCqggxnQ8N4YgJRo4FWxS8BPDYkJHZMA6lioimQnS2dcTfGKVHu5H2o4CPFN/X6REGjOWod2UBIZm0ZuK/3qhXEiG/mWQchUnwBSdB/cTgSHC00pwj2tGQYwtIVRz+zumQ6IJBVtcwZbiLVawTJpnFa9aqd6dl2pXWT15dISO0Sny0AWqoRtURw1EkUbP6AW9Ok/Om/PufMxXc052c4j+wPn8AbepmPw=</latexit>

Me,µ,⌧
<latexit sha1_base64="GPHHnf4TrXcKoQ7Gn3PT5/bMb0U=">AAACA3icbVA9SwNBEJ3zM8avqKXNYhBiE+5Eoo0QtLGMYD4gd4S9zV6yZHfv2N0TwpHSv2CrvZ3Y+kNs/SVukis08cEwj/dmmOGFCWfauO6Xs7K6tr6xWdgqbu/s7u2XDg5bOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYej26nffqRKs1g+mHFCA4EHkkWMYGMlX/TCii/Sa9vPeqWyW3VnQMvEy0kZcjR6pW+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGY/T9CpVfooipUtadBM/b2RYaH1WIR2UmAz1IveVPzXC8XCZRNdBRmTSWqoJPPDUcqRidE0ENRnihLDx5Zgopj9HZEhVpgYG1vRhuItRrBMWudVr1at3V+U6zd5PAU4hhOogAeXUIc7aEATCCTwDC/w6jw5b8678zEfXXHynSP4A+fzB6Lil8s=</latexit>

mb(µ = mb)
<latexit sha1_base64="ew2KuFvVt9LESmUW2yMaIXtA2C0=">AAACA3icbVA9SwNBEJ3zM8avqKXNYhBiE+5Eoo0QtLGMYD4gd4S9zV6yZHfv2N0TwpHSv2CrvZ3Y+kNs/SVukis08cEwj/dmmOGFCWfauO6Xs7K6tr6xWdgqbu/s7u2XDg5bOk4VoU0S81h1QqwpZ5I2DTOcdhJFsQg5bYej26nffqRKs1g+mHFCA4EHkkWMYGMlX/RIxRfpte1nvVLZrbozoGXi5aQMORq90rffj0kqqDSEY627npuYIMPKMMLppOinmiaYjPCAdi2VWFAdZLOfJ+jUKn0UxcqWNGim/t7IsNB6LEI7KbAZ6kVvKv7rhWLhsomugozJJDVUkvnhKOXIxGgaCOozRYnhY0swUcz+jsgQK0yMja1oQ/EWI1gmrfOqV6vW7i/K9Zs8ngIcwwlUwINLqMMdNKAJBBJ4hhd4dZ6cN+fd+ZiPrjj5zhH8gfP5A6YUl80=</latexit>

mc(µ = mc)
<latexit sha1_base64="4IP3S/3zqLlLROwQEwsIBxQzSdA=">AAACFXicbVDLSsNAFJ34rPUVdamLwSJUKCUpUt0IRRe6rGAf0IQwmUzboTNJmJkIJWTjT/gLbnXvTty6duuXOG2z0NYDFw7n3Mu99/gxo1JZ1pextLyyurZe2Chubm3v7Jp7+20ZJQKTFo5YJLo+koTRkLQUVYx0Y0EQ9xnp+KPrid95IELSKLxX45i4HA1C2qcYKS155hH30qQSVGRWdnhyWXMqMHUEhzeknZ16ZsmqWlPARWLnpARyND3z2wkinHASKsyQlD3bipWbIqEoZiQrOokkMcIjNCA9TUPEiXTT6RcZPNFKAPuR0BUqOFV/T6SISznmvu7kSA3lvDcR//V8PrdZ9S/clIZxokiIZ4v7CYMqgpOIYEAFwYqNNUFYUH07xEMkEFY6yKIOxZ6PYJG0a1W7Xq3fnZUaV3k8BXAIjkEZ2OAcNMAtaIIWwOARPIMX8Go8GW/Gu/Exa10y8pkD8AfG5w8dFp3X</latexit>

mu,d,s(µ = 2GeV)

lepton masses

light quark masses

fine structure constant

Fermi constant

<latexit sha1_base64="cqpgKsX41ufYYVp4NahoRPq5244=">AAACFnicbVA9SwNBEN3zM8avqKUIi0FQkHAnGi2DWlgqmCjkzjC3mZglu3fH7p4QjlT+Cf+CrfZ2Ymtr6y9xE6/Q6IOBx3szzMwLE8G1cd0PZ2JyanpmtjBXnF9YXFouraw2dJwqhnUWi1hdh6BR8AjrhhuB14lCkKHAq7B3MvSv7lBpHkeXpp9gIOE24h3OwFipVdrwT1EY8EEkXWjhTbZ9sLPrK0m70K4MWqWyW3FHoH+Jl5MyyXHeKn367ZilEiPDBGjd9NzEBBkow5nAQdFPNSbAenCLTUsjkKiDbPTGgG5ZpU07sbIVGTpSf05kILXuy9B2SjBdPe4NxX+9UI5tNp2jIONRkhqM2PfiTiqoiekwI9rmCpkRfUuAKW5vp6wLCpixSRZtKN54BH9JY6/iVSvVi/1y7TiPp0DWySbZJh45JDVyRs5JnTByTx7JE3l2HpwX59V5+26dcPKZNfILzvsXjICeqA==</latexit>

�↵(5),had.
e

<latexit sha1_base64="he2IOzAKGaJ1SE/wZddIjB9iHV0=">AAAB+nicbVDLSgMxFL1TX7W+qi7dBIvgqsyItC6LgrqsaB/QDiWTZtrQJDMkGaGM/QS3uncnbv0Zt36JaTsLbT1w4XDOvZzLCWLOtHHdLye3srq2vpHfLGxt7+zuFfcPmjpKFKENEvFItQOsKWeSNgwznLZjRbEIOG0Fo6up33qkSrNIPphxTH2BB5KFjGBjpfub3nWvWHLL7gxomXgZKUGGeq/43e1HJBFUGsKx1h3PjY2fYmUY4XRS6CaaxpiM8IB2LJVYUO2ns1cn6MQqfRRGyo40aKb+vkix0HosArspsBnqRW8q/usFYiHZhBd+ymScGCrJPDhMODIRmvaA+kxRYvjYEkwUs78jMsQKE2PbKthSvMUKlknzrOxVypW781LtMqsnD0dwDKfgQRVqcAt1aACBATzDC7w6T86b8+58zFdzTnZzCH/gfP4AI/iUNQ==</latexit>

GF

impact small

<latexit sha1_base64="vSnaVZVbg5OG5QEd85xXxTEg5Ig=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwCrsi0TJoYyNENA9IljA7mU2GzMwuM7NCWPMJttrbia0/Y+uXONlsoYkHLhzOuZdzOUHMmTau++UUVlbX1jeKm6Wt7Z3dvfL+QUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHw989uPVGkWyQcziakv8FCykBFsrHR/2x/1yxW36mZAy8TLSQVyNPrl794gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/zV6dohOrDFAYKTvSoEz9fZFiofVEBHZTYDPSi95M/NcLxEKyCS/9lMk4MVSSeXCYcGQiNOsBDZiixPCJJZgoZn9HZIQVJsa2VbKleIsVLJPWWdWrVWt355X6VV5PEY7gGE7Bgwuoww00oAkEhvAML/DqPDlvzrvzMV8tOPnNIfyB8/kDYySUXQ==</latexit>

M h
<latexit sha1_base64="3SxyYGk+SVmjeuJZyFEUhm3nR78=">AAAB+nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI9BL16EiOYByRJmJ7PJkJnZZaZXCDGf4FXv3sSrP+PVL3GS7EETCxqKqm6qqTAR3KDnfTm5ldW19Y38ZmFre2d3r7h/0DBxqimr01jEuhUSwwRXrI4cBWslmhEZCtYMh9dTv/nItOGxesBRwgJJ+opHnBK00v1tF7vFklf2ZnCXiZ+REmSodYvfnV5MU8kUUkGMaftegsGYaORUsEmhkxqWEDokfda2VBHJTDCevTpxT6zSc6NY21HoztTfF2MijRnJ0G5KggOz6E3Ff71QLiRjdBmMuUpSZIrOg6NUuBi70x7cHteMohhZQqjm9neXDogmFG1bBVuKv1jBMmmclf1KuXJ3XqpeZfXk4QiO4RR8uIAq3EAN6kChD8/wAq/Ok/PmvDsf89Wck90cwh84nz92FJRp</latexit>

M t
<latexit sha1_base64="kq8SCm/EFsUfIS5cdWGIqDnyHWA=">AAAB+nicbVC7SgNBFL0bXzG+opY2g0GwCrsiiWXQxkaIaB6YLGF2MpsMmZldZmaFsOYTbLW3E1t/xtYvcZJsoYkHLhzOuZdzOUHMmTau++XkVlbX1jfym4Wt7Z3dveL+QVNHiSK0QSIeqXaANeVM0oZhhtN2rCgWAaetYHQ19VuPVGkWyXszjqkv8ECykBFsrHR303voFUtu2Z0BLRMvIyXIUO8Vv7v9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dPbqBJ1YpY/CSNmRBs3U3xcpFlqPRWA3BTZDvehNxX+9QCwkm/DCT5mME0MlmQeHCUcmQtMeUJ8pSgwfW4KJYvZ3RIZYYWJsWwVbirdYwTJpnpW9Srlye16qXWb15OEIjuEUPKhCDa6hDg0gMIBneIFX58l5c96dj/lqzsluDuEPnM8fTQyUTw==</latexit>

M Z

uncertainty small

most relevant



SM vacuum stability revisited

uncertainty small

most relevant

[1904.05237] 



SM vacuum stability revisited

[1904.05237] 

cross section / pole mass
direct / MC mass
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SM vacuum stability revisited

[1904.05237] 

CMS: correlations

PDG: no correlations
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accuracy

comparison of
222 vs 433 loop 
running

uncertainties dominated by central values and 
errors for top mass and strong coupling constant   



BSM

Q: What does it take to

… and make it safely up to 
                    the Planck scale?

achieve vacuum stability?



UV-safe Planck-safe

asymptotic freedom

asymptotic safety

Standard Model

stable and well-defined 
up to the Planck scale 

UV-free
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Gauge Portals

Portals into Stability



Gauge Portals

L ! ø! i"D !
<latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit>

Vectorlike Fermions 
(VLFs)

U(1)Y ! SU(2)L ! SU(3)c
<latexit sha1_base64="V47fS9QoJCYGOIP89B7wEtb//I8=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvQXspuFfRY9OLBQ0W3rbTLkk2zbWiSXZKsUJY+gC/hK3jVuzfxKnj1SUzbBbV1IDCZ+T4mmSBmVGnb/rRyS8srq2v59cLG5tb2TnF3r6miRGLi4ohFsh0gRRgVxNVUM9KOJUE8YKQVDC8mfuueSEUjcatHMfE46gsaUoy0kfxiyS07Ff+uqyknCt645VrFv4I/1+OKj82UXbWngIvEyUgJZGj4xa9uL8IJJ0JjhpTqOHasvRRJTTEj40I3USRGeIj6pGOoQCbMS6efGcMjo/RgGElzhIZT9fdGirhSIx6YSY70QM17E/FfL+BzyTo881Iq4kQTgWfBYcKgjuCkKdijkmDNRoYgLKl5O8QDJBHWps+CKcWZr2CRNGtVx6461yel+nlWTx4cgENQBg44BXVwCRrABRg8gCfwDF6sR+vVerPeZ6M5K9vZB39gfXwDXYCfXg==</latexit><latexit sha1_base64="V47fS9QoJCYGOIP89B7wEtb//I8=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvQXspuFfRY9OLBQ0W3rbTLkk2zbWiSXZKsUJY+gC/hK3jVuzfxKnj1SUzbBbV1IDCZ+T4mmSBmVGnb/rRyS8srq2v59cLG5tb2TnF3r6miRGLi4ohFsh0gRRgVxNVUM9KOJUE8YKQVDC8mfuueSEUjcatHMfE46gsaUoy0kfxiyS07Ff+uqyknCt645VrFv4I/1+OKj82UXbWngIvEyUgJZGj4xa9uL8IJJ0JjhpTqOHasvRRJTTEj40I3USRGeIj6pGOoQCbMS6efGcMjo/RgGElzhIZT9fdGirhSIx6YSY70QM17E/FfL+BzyTo881Iq4kQTgWfBYcKgjuCkKdijkmDNRoYgLKl5O8QDJBHWps+CKcWZr2CRNGtVx6461yel+nlWTx4cgENQBg44BXVwCRrABRg8gCfwDF6sR+vVerPeZ6M5K9vZB39gfXwDXYCfXg==</latexit><latexit sha1_base64="V47fS9QoJCYGOIP89B7wEtb//I8=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvQXspuFfRY9OLBQ0W3rbTLkk2zbWiSXZKsUJY+gC/hK3jVuzfxKnj1SUzbBbV1IDCZ+T4mmSBmVGnb/rRyS8srq2v59cLG5tb2TnF3r6miRGLi4ohFsh0gRRgVxNVUM9KOJUE8YKQVDC8mfuueSEUjcatHMfE46gsaUoy0kfxiyS07Ff+uqyknCt645VrFv4I/1+OKj82UXbWngIvEyUgJZGj4xa9uL8IJJ0JjhpTqOHasvRRJTTEj40I3USRGeIj6pGOoQCbMS6efGcMjo/RgGElzhIZT9fdGirhSIx6YSY70QM17E/FfL+BzyTo881Iq4kQTgWfBYcKgjuCkKdijkmDNRoYgLKl5O8QDJBHWps+CKcWZr2CRNGtVx6461yel+nlWTx4cgENQBg44BXVwCRrABRg8gCfwDF6sR+vVerPeZ6M5K9vZB39gfXwDXYCfXg==</latexit><latexit sha1_base64="V47fS9QoJCYGOIP89B7wEtb//I8=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvQXspuFfRY9OLBQ0W3rbTLkk2zbWiSXZKsUJY+gC/hK3jVuzfxKnj1SUzbBbV1IDCZ+T4mmSBmVGnb/rRyS8srq2v59cLG5tb2TnF3r6miRGLi4ohFsh0gRRgVxNVUM9KOJUE8YKQVDC8mfuueSEUjcatHMfE46gsaUoy0kfxiyS07Ff+uqyknCt645VrFv4I/1+OKj82UXbWngIvEyUgJZGj4xa9uL8IJJ0JjhpTqOHasvRRJTTEj40I3USRGeIj6pGOoQCbMS6efGcMjo/RgGElzhIZT9fdGirhSIx6YSY70QM17E/FfL+BzyTo881Iq4kQTgWfBYcKgjuCkKdijkmDNRoYgLKl5O8QDJBHWps+CKcWZr2CRNGtVx6461yel+nlWTx4cgENQBg44BXVwCRrABRg8gCfwDF6sR+vVerPeZ6M5K9vZB39gfXwDXYCfXg==</latexit>

(YF , d2, d3)
<latexit sha1_base64="vU+zwMnvlBMN13aMvU9X18kRhcI=">AAACBXicbVDLSsNAFJ3UV62vqks3g0WoICWpgi6LgrisYB/SxjCZTNqhM5MwMxFK6NpfcKt7d+LW73Drlzhps9DWAxcO59zLuRw/ZlRp2/6yCkvLK6trxfXSxubW9k55d6+tokRi0sIRi2TXR4owKkhLU81IN5YEcZ+Rjj+6yvzOI5GKRuJOj2PicjQQNKQYaSM9VO+965PAq5s5PS555Ypds6eAi8TJSQXkaHrl734Q4YQToTFDSvUcO9ZuiqSmmJFJqZ8oEiM8QgPSM1QgTpSbTr+ewCOjBDCMpBmh4VT9fZEirtSY+2aTIz1U814m/uv5fC5ZhxduSkWcaCLwLDhMGNQRzCqBAZUEazY2BGFJze8QD5FEWJvislKc+QoWSbtec+yac3tWaVzm9RTBATgEVeCAc9AAN6AJWgADCZ7BC3i1nqw36936mK0WrPxmH/yB9fkDDjeXSA==</latexit><latexit sha1_base64="vU+zwMnvlBMN13aMvU9X18kRhcI=">AAACBXicbVDLSsNAFJ3UV62vqks3g0WoICWpgi6LgrisYB/SxjCZTNqhM5MwMxFK6NpfcKt7d+LW73Drlzhps9DWAxcO59zLuRw/ZlRp2/6yCkvLK6trxfXSxubW9k55d6+tokRi0sIRi2TXR4owKkhLU81IN5YEcZ+Rjj+6yvzOI5GKRuJOj2PicjQQNKQYaSM9VO+965PAq5s5PS555Ypds6eAi8TJSQXkaHrl734Q4YQToTFDSvUcO9ZuiqSmmJFJqZ8oEiM8QgPSM1QgTpSbTr+ewCOjBDCMpBmh4VT9fZEirtSY+2aTIz1U814m/uv5fC5ZhxduSkWcaCLwLDhMGNQRzCqBAZUEazY2BGFJze8QD5FEWJvislKc+QoWSbtec+yac3tWaVzm9RTBATgEVeCAc9AAN6AJWgADCZ7BC3i1nqw36936mK0WrPxmH/yB9fkDDjeXSA==</latexit><latexit sha1_base64="vU+zwMnvlBMN13aMvU9X18kRhcI=">AAACBXicbVDLSsNAFJ3UV62vqks3g0WoICWpgi6LgrisYB/SxjCZTNqhM5MwMxFK6NpfcKt7d+LW73Drlzhps9DWAxcO59zLuRw/ZlRp2/6yCkvLK6trxfXSxubW9k55d6+tokRi0sIRi2TXR4owKkhLU81IN5YEcZ+Rjj+6yvzOI5GKRuJOj2PicjQQNKQYaSM9VO+965PAq5s5PS555Ypds6eAi8TJSQXkaHrl734Q4YQToTFDSvUcO9ZuiqSmmJFJqZ8oEiM8QgPSM1QgTpSbTr+ewCOjBDCMpBmh4VT9fZEirtSY+2aTIz1U814m/uv5fC5ZhxduSkWcaCLwLDhMGNQRzCqBAZUEazY2BGFJze8QD5FEWJvislKc+QoWSbtec+yac3tWaVzm9RTBATgEVeCAc9AAN6AJWgADCZ7BC3i1nqw36936mK0WrPxmH/yB9fkDDjeXSA==</latexit><latexit sha1_base64="vU+zwMnvlBMN13aMvU9X18kRhcI=">AAACBXicbVDLSsNAFJ3UV62vqks3g0WoICWpgi6LgrisYB/SxjCZTNqhM5MwMxFK6NpfcKt7d+LW73Drlzhps9DWAxcO59zLuRw/ZlRp2/6yCkvLK6trxfXSxubW9k55d6+tokRi0sIRi2TXR4owKkhLU81IN5YEcZ+Rjj+6yvzOI5GKRuJOj2PicjQQNKQYaSM9VO+965PAq5s5PS555Ypds6eAi8TJSQXkaHrl734Q4YQToTFDSvUcO9ZuiqSmmJFJqZ8oEiM8QgPSM1QgTpSbTr+ewCOjBDCMpBmh4VT9fZEirtSY+2aTIz1U814m/uv5fC5ZhxduSkWcaCLwLDhMGNQRzCqBAZUEazY2BGFJze8QD5FEWJvislKc+QoWSbtec+yac3tWaVzm9RTBATgEVeCAc9AAN6AJWgADCZ7BC3i1nqw36936mK0WrPxmH/yB9fkDDjeXSA==</latexit>

charges
mass
multiplicity

M F
<latexit sha1_base64="15uqHT1W0V6M9QSnCL3s3VYOC0A=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIF6ECtYW2lA225d26e4m7G6EEvoXvOrdm3j1x3j1l5i0OWjrwINh5j3mMUEsuLGu++WUVlbX1jfKm5Wt7Z3dver+waOJEs2wxSIR6U5ADQqusGW5FdiJNVIZCGwH4+vcbz+hNjxSD3YSoy/pUPGQM2pz6a5/U+lXa27dnYEsE68gNSjQ7Fe/e4OIJRKVZYIa0/Xc2Pop1ZYzgdNKLzEYUzamQ+xmVFGJxk9nv07JSaYMSBjpbJQlM/X3RUqlMRMZZJuS2pFZ9HLxXy+QC8k2vPRTruLEomLz4DARxEYkL4IMuEZmxSQjlGme/U7YiGrKbFZXXoq3WMEyeTyre27duz+vNa6KespwBMdwCh5cQANuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD1+clEQ=</latexit><latexit sha1_base64="15uqHT1W0V6M9QSnCL3s3VYOC0A=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIF6ECtYW2lA225d26e4m7G6EEvoXvOrdm3j1x3j1l5i0OWjrwINh5j3mMUEsuLGu++WUVlbX1jfKm5Wt7Z3dver+waOJEs2wxSIR6U5ADQqusGW5FdiJNVIZCGwH4+vcbz+hNjxSD3YSoy/pUPGQM2pz6a5/U+lXa27dnYEsE68gNSjQ7Fe/e4OIJRKVZYIa0/Xc2Pop1ZYzgdNKLzEYUzamQ+xmVFGJxk9nv07JSaYMSBjpbJQlM/X3RUqlMRMZZJuS2pFZ9HLxXy+QC8k2vPRTruLEomLz4DARxEYkL4IMuEZmxSQjlGme/U7YiGrKbFZXXoq3WMEyeTyre27duz+vNa6KespwBMdwCh5cQANuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD1+clEQ=</latexit><latexit sha1_base64="15uqHT1W0V6M9QSnCL3s3VYOC0A=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIF6ECtYW2lA225d26e4m7G6EEvoXvOrdm3j1x3j1l5i0OWjrwINh5j3mMUEsuLGu++WUVlbX1jfKm5Wt7Z3dver+waOJEs2wxSIR6U5ADQqusGW5FdiJNVIZCGwH4+vcbz+hNjxSD3YSoy/pUPGQM2pz6a5/U+lXa27dnYEsE68gNSjQ7Fe/e4OIJRKVZYIa0/Xc2Pop1ZYzgdNKLzEYUzamQ+xmVFGJxk9nv07JSaYMSBjpbJQlM/X3RUqlMRMZZJuS2pFZ9HLxXy+QC8k2vPRTruLEomLz4DARxEYkL4IMuEZmxSQjlGme/U7YiGrKbFZXXoq3WMEyeTyre27duz+vNa6KespwBMdwCh5cQANuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD1+clEQ=</latexit><latexit sha1_base64="15uqHT1W0V6M9QSnCL3s3VYOC0A=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIF6ECtYW2lA225d26e4m7G6EEvoXvOrdm3j1x3j1l5i0OWjrwINh5j3mMUEsuLGu++WUVlbX1jfKm5Wt7Z3dver+waOJEs2wxSIR6U5ADQqusGW5FdiJNVIZCGwH4+vcbz+hNjxSD3YSoy/pUPGQM2pz6a5/U+lXa27dnYEsE68gNSjQ7Fe/e4OIJRKVZYIa0/Xc2Pop1ZYzgdNKLzEYUzamQ+xmVFGJxk9nv07JSaYMSBjpbJQlM/X3RUqlMRMZZJuS2pFZ9HLxXy+QC8k2vPRTruLEomLz4DARxEYkL4IMuEZmxSQjlGme/U7YiGrKbFZXXoq3WMEyeTyre27duz+vNa6KespwBMdwCh5cQANuoQktYDCCZ3iBV2fqvDnvzsd8teQUN4fwB87nD1+clEQ=</latexit>

NF
<latexit sha1_base64="9+nX9gIqynMOBpEwKni33I42xpQ=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIJ6kgrWFNpTN9qVdursJuxuhhP4Fr3r3Jl79MV79JSZtDto68GCYeY95TBALbqzrfjmlldW19Y3yZmVre2d3r7p/8GiiRDNssUhEuhNQg4IrbFluBXZijVQGAtvB+Dr320+oDY/Ug53E6Es6VDzkjNpcuuvfVPrVmlt3ZyDLxCtIDQo0+9Xv3iBiiURlmaDGdD03tn5KteVM4LTSSwzGlI3pELsZVVSi8dPZr1NykikDEkY6G2XJTP19kVJpzEQG2aakdmQWvVz81wvkQrINL/2UqzixqNg8OEwEsRHJiyADrpFZMckIZZpnvxM2opoym9WVl+ItVrBMHs/qnlv37s9rjauinjIcwTGcggcX0IBbaEILGIzgGV7g1Zk6b8678zFfLTnFzSH8gfP5A2EzlEU=</latexit><latexit sha1_base64="9+nX9gIqynMOBpEwKni33I42xpQ=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIJ6kgrWFNpTN9qVdursJuxuhhP4Fr3r3Jl79MV79JSZtDto68GCYeY95TBALbqzrfjmlldW19Y3yZmVre2d3r7p/8GiiRDNssUhEuhNQg4IrbFluBXZijVQGAtvB+Dr320+oDY/Ug53E6Es6VDzkjNpcuuvfVPrVmlt3ZyDLxCtIDQo0+9Xv3iBiiURlmaDGdD03tn5KteVM4LTSSwzGlI3pELsZVVSi8dPZr1NykikDEkY6G2XJTP19kVJpzEQG2aakdmQWvVz81wvkQrINL/2UqzixqNg8OEwEsRHJiyADrpFZMckIZZpnvxM2opoym9WVl+ItVrBMHs/qnlv37s9rjauinjIcwTGcggcX0IBbaEILGIzgGV7g1Zk6b8678zFfLTnFzSH8gfP5A2EzlEU=</latexit><latexit sha1_base64="9+nX9gIqynMOBpEwKni33I42xpQ=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIJ6kgrWFNpTN9qVdursJuxuhhP4Fr3r3Jl79MV79JSZtDto68GCYeY95TBALbqzrfjmlldW19Y3yZmVre2d3r7p/8GiiRDNssUhEuhNQg4IrbFluBXZijVQGAtvB+Dr320+oDY/Ug53E6Es6VDzkjNpcuuvfVPrVmlt3ZyDLxCtIDQo0+9Xv3iBiiURlmaDGdD03tn5KteVM4LTSSwzGlI3pELsZVVSi8dPZr1NykikDEkY6G2XJTP19kVJpzEQG2aakdmQWvVz81wvkQrINL/2UqzixqNg8OEwEsRHJiyADrpFZMckIZZpnvxM2opoym9WVl+ItVrBMHs/qnlv37s9rjauinjIcwTGcggcX0IBbaEILGIzgGV7g1Zk6b8678zFfLTnFzSH8gfP5A2EzlEU=</latexit><latexit sha1_base64="9+nX9gIqynMOBpEwKni33I42xpQ=">AAAB+3icbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiIJ6kgrWFNpTN9qVdursJuxuhhP4Fr3r3Jl79MV79JSZtDto68GCYeY95TBALbqzrfjmlldW19Y3yZmVre2d3r7p/8GiiRDNssUhEuhNQg4IrbFluBXZijVQGAtvB+Dr320+oDY/Ug53E6Es6VDzkjNpcuuvfVPrVmlt3ZyDLxCtIDQo0+9Xv3iBiiURlmaDGdD03tn5KteVM4LTSSwzGlI3pELsZVVSi8dPZr1NykikDEkY6G2XJTP19kVJpzEQG2aakdmQWvVz81wvkQrINL/2UqzixqNg8OEwEsRHJiyADrpFZMckIZZpnvxM2opoym9WVl+ItVrBMHs/qnlv37s9rjauinjIcwTGcggcX0IBbaEILGIzgGV7g1Zk6b8678zFfLTnFzSH8gfP5A2EzlEU=</latexit>

modified RG running
``minimally invasive’'

Portals into Stability

G Hiller, T Hoehne, DF Litim, T Steudtner, Portals into Higgs Vacuum Stability 2207.07737



Gauge Portals

Portals into Stability

L ! ø! i"D !
<latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit>

Yukawa Portals

Higgs

L ! " ! ø" H f SM
<latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit>

Yukawa SM fermion

new interactions

new RG beta functions
modified RG running 

VLFs

G Hiller, T Hoehne, DF Litim, T Steudtner, Portals into Higgs Vacuum Stability 2207.07737



Gauge Portals

Portals into Stability

L ! ø! i"D !
<latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit><latexit sha1_base64="YoMgHgH+gzRdiS2Dh36GnquD9Uo=">AAACM3icbVDLSsNAFJ3UV62vqEs3U4vgqiQiKK6KunDhooJ9QBPKZDpth04mYeZGKKH/4k/4C251K+6KW//BSdqFth64zOGce7lzTxALrsFxPqzCyura+kZxs7S1vbO7Z+8fNHWUKMoaNBKRagdEM8ElawAHwdqxYiQMBGsFo5vMbz0xpXkkH2EcMz8kA8n7nBIwUte+8kICQ0pEej/Bnk5izQB7AVHYizXHHGPslfPyZAT5W8a3udm1K07VyYGXiTsnFTRHvWtPvV5Ek5BJoIJo3XGdGPyUKOBUsEnJSzSLCR2RAesYKknItJ/mN07wiVF6uB8pUxJwrv6eSEmo9TgMTGd2kV70MvFfLwgXNkP/0k+5jBNgks4W9xOBIcJZgLjHFaMgxoYQqrj5O6ZDoggFE3PJhOIuRrBMmmdV16m6D+eV2vU8niI6QsfoFLnoAtXQHaqjBqLoGb2iN/RuvVif1tT6mrUWrPnMIfoD6/sHcb6n/g==</latexit>

Yukawa Portals
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Higgs Portals

Portals BSM scalars

new interactions
new RG beta functions
modified RG running 

Higgs

new scalars

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811



Higgs Portals

``good’’

genuine uplift

Main new RG effect

+
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Higgs Portals
single real BSM scalar

!" # !" $ !" % !" & !" !! !" !# !" !$ !" !% !" !&

!" ! '

!" ! #

!" ! (

!" ! $

��")*+

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811



Higgs Portals
Signatures BSM scalar obtains VEV

modified hZZ, 3h vertices            FCC-ee

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

M = 0.3 TeV M = 1 TeV



Higgs Portals
Signatures BSM scalar obtains VEV

modified 4h vertices            FCC-ee

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

M = 0.3 TeV M = 1 TeV

FCC-hh



Higgs Portals
Signatures BSM scalar obtains VEV

modified 4h vertices

G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811

O(1) effects
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conclusions

turn SM metastability into BSM task 

various portals available, constraining power
new BSM matter as light as TeV
can be searched for at current and future colliders

status of SM metastability 
evidence for metastability persists
uncertainty dominated by top mass and strong coupling
5-sigma necessitates precision extractions 
correlations matter



UV-safe Planck-safe

asymptotic freedom

asymptotic safety

Standard Model

stable and well-defined 
up to the Planck scale 

UV-free
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