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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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SM vacuum stability

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

Higgs discovery ’12: SM vacuum metastability Buttazzo et al ’13

revisiting vacuum stability ’24: 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

PDG 2023 update 
M_top  =  172.5(7)      GeV
             =  172.69(30)  GeV

alpha_s(M_Z)  =  0.1180(9)



SM vacuum stability

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



SM vacuum stability

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

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

new directions for model building 

 bottom-up “Planck-safe”

 top-down “UV safe”



asymptotic freedom

UV-free
Gross, Wilzcek ’73

Politzer ’73
…

Guidice, Isidori, Salvio, Strumia ’12

Asymptotic Freedom

…

Total Asymptotic Freedom
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UV-safe

asymptotic freedom

asymptotic safety

UV-free
Bailin, Love, ’74
   Weinberg ’79

Martin, Wells ’00

Litim, Sannino ’14
Bond, Litim ’16, ’17, ’18

Bond, Litim, Steudtner ’19
Bond, Litim ’20

Litim, Riyaz, Stamou, Steudtner ‘24  
…

Asymptotic Near-Freedom
Asymptotic Safety

UV-safe supersymmetry

interacting UV fixed points in 4d QFTs
general theorems
dualities
supersymmetry
weakly and strongly coupled FPs
…

Top-Down
th

eo
ry

 s
pa

ce

theory space



UV-safe Planck-safe

asymptotic freedom

asymptotic safety
stable and well-defined 
up to the Planck scale 

UV-free

Hiller, Hermigos-Feliu, Litim, Steudtner ’19, ’20
Hiller, Hoehne, Litim, Steudtner ’22-’24 
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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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Bottom-Up

Q: What does it take to

… and make it safely up to 
                    the Planck scale?

achieve vacuum stability?



Gauge Portals

Portals into Stability



Gauge Portals
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(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

MF
<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



Gauge Portals

Portals into Stability

L �  ̄i6D 
<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 � �  ̄H fSM
<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



Gauge Portals

Portals into Stability

L �  ̄i6D 
<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

L � �  ̄H fSM
<latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit>

Higgs Portals

Portals BSM scalars

new interactions
new RG beta functions
modified RG running 

Higgs

new scalars



Gauge Portals

Portals into Stability

L �  ̄i6D 
<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

L � �  ̄H fSM
<latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit><latexit sha1_base64="v/xSZXj964S4KmCYtMpFi5h9ewM="></latexit>

Higgs Portals

and more…



How do they work?

↵BSM
1,2,3,t,b,�(µ0) = ↵SM

1,2,3,t,b,�(µ0)
<latexit sha1_base64="mVCdaTYlKYCuMe1qx4Om8VfhGM8="></latexit><latexit sha1_base64="mVCdaTYlKYCuMe1qx4Om8VfhGM8="></latexit><latexit sha1_base64="mVCdaTYlKYCuMe1qx4Om8VfhGM8="></latexit><latexit sha1_base64="mVCdaTYlKYCuMe1qx4Om8VfhGM8="></latexit>

Study RG running of couplings

scale of new physics

Tools: ARGES
 RGBeta
  Pyr@te3
   Sarah4

Matching:

here: complete 2-loop

Litim, Steudtner ’21

Thomsen ’22

Sartore, Schienbein ’20

Staub ‘13



Gauge Portals

�i ⇡ �Bi ↵
2
i

<latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit>

B1 = � 41
3 � �B1,

B2 = 19
3 � �B2,

B3 = 14� �B3 ,
<latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit>

BSMSM

�B1 = 8
3NF d2 d3 Y

2
F

�B2,3 = 8
3NF d3,2 S2(d2,3)

<latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit>

1-loop running



Gauge Portals

�i ⇡ �Bi ↵
2
i

<latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit>

B1 = � 41
3 � �B1,

B2 = 19
3 � �B2,

B3 = 14� �B3 ,
<latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit>

BSMSM

�B1 = 8
3NF d2 d3 Y

2
F

�B2,3 = 8
3NF d3,2 S2(d2,3)

<latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit>

gauge

Three key effects

↵i(⇤)� ↵SM
i (⇤) � 0

↵t(⇤)� ↵SM
t (⇤) < 0

↵�(⇤)� ↵SM
� (⇤) > 0

<latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit>

1-loop running

⇤ > µ0
<latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit>
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2
i

<latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit>

B1 = � 41
3 � �B1,

B2 = 19
3 � �B2,

B3 = 14� �B3 ,
<latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit>

BSMSM

�B1 = 8
3NF d2 d3 Y

2
F

�B2,3 = 8
3NF d3,2 S2(d2,3)

<latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit>

gauge

top

Three key effects

↵i(⇤)� ↵SM
i (⇤) � 0

↵t(⇤)� ↵SM
t (⇤) < 0

↵�(⇤)� ↵SM
� (⇤) > 0

<latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit>

1-loop running

⇤ > µ0
<latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit>
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�i ⇡ �Bi ↵
2
i

<latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit><latexit sha1_base64="0XJmGPZUZ0SdU3DVBU8haANTwEg=">AAACH3icbVDLSsNAFJ3UV62vqks3g0VxoSUpgi5L3bisYB/QxHAznbRDJ8kwMxFL6R/4E/6CW927E7fd+iVO2yy09cCFwzn3cu89geBMadueWLmV1bX1jfxmYWt7Z3evuH/QVEkqCW2QhCeyHYCinMW0oZnmtC0khSjgtBUMbqZ+65FKxZL4Xg8F9SLoxSxkBLSR/OIpNnADqsFn2AUhZPKEL3DNZ+65C1z0jf5QKfjFkl22Z8DLxMlICWWo+8Vvt5uQNKKxJhyU6ji20N4IpGaE03HBTRUVQAbQox1DY4io8kazf8b4xChdHCbSVKzxTP09MYJIqWEUmM4IdF8telPxXy+IFjbr8NobsVikmsZkvjhMOdYJnoaFu0xSovnQECCSmdsx6YMEok2k01CcxQiWSbNSduyyc3dZqtayePLoCB2jM+SgK1RFt6iOGoigZ/SK3tC79WJ9WJ/W17w1Z2Uzh+gPrMkPLDeg5g==</latexit>

B1 = � 41
3 � �B1,

B2 = 19
3 � �B2,

B3 = 14� �B3 ,
<latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit><latexit sha1_base64="4/li49UYnigAXGCnOLm6wp5CGi4="></latexit>

BSMSM

�B1 = 8
3NF d2 d3 Y

2
F

�B2,3 = 8
3NF d3,2 S2(d2,3)

<latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit><latexit sha1_base64="WOhQ7X69PCZo5nyJdo0IERZsXK0="></latexit>

gauge

top

Three key effects

↵i(⇤)� ↵SM
i (⇤) � 0

↵t(⇤)� ↵SM
t (⇤) < 0

↵�(⇤)� ↵SM
� (⇤) > 0

<latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit><latexit sha1_base64="c/a/RZv1VYdXpyPwXrTyiulPtow="></latexit>

Higgs

1-loop running

⇤ > µ0
<latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit><latexit sha1_base64="IkYec5h19z5RKkjCGKxADvNd554=">AAACBHicbVC7SgNBFL0bXzG+opY2g0GwCrsiaCVBGwuLCOYB2SXMzs4mQ2Zm15lZISxp/QVb7e3E1v+w9UucJFto9MCFwznnci8nTDnTxnU/ndLS8srqWnm9srG5tb1T3d1r6yRThLZIwhPVDbGmnEnaMsxw2k0VxSLktBOOrqZ+54EqzRJ5Z8YpDQQeSBYzgo2VAv/GRiN84Yus7/arNbfuzoD+Eq8gNSjQ7Fe//CghmaDSEI617nluaoIcK8MIp5OKn2maYjLCA9qzVGJBdZDPnp6gI6tEKE6UHWnQTP25kWOh9ViENimwGepFbyr+64Vi4bKJz4OcyTQzVJL54TjjyCRo2giKmKLE8LElmChmf0dkiBUmxvZWsaV4ixX8Je2TuufWvdvTWuOyqKcMB3AIx+DBGTTgGprQAgL38ATP8OI8Oq/Om/M+j5acYmcffsH5+AaTF5hK</latexit>



↵�(⇤)� ↵SM
� (⇤) ⇡

<latexit sha1_base64="a+cEZ7rDdnthNpfJhfn8Ykr7a/4=">AAACPnicbVDLSgMxFM34rPVVdekmWIS6sMyIoEtRBBcKFa0WOrXcSdM2NDMTkjtiGfpF/oS/4FLduXAnbl2aPhbaeiHkcB7c5ARKCoOu++JMTc/Mzs1nFrKLS8srq7m19RsTJ5rxMotlrCsBGC5FxMsoUPKK0hzCQPLboHPS12/vuTYijq6xq3gthFYkmoIBWqqeO/VBqjbUfWkzDSj454N7h+7SoXLnI3/A9OqiN+nxQSkdP9BsPZd3i+5g6CTwRiBPRlOq5979RsySkEfIJBhT9VyFtRQ0CiZ5L+snhitgHWjxqoURhNzU0sF3e3TbMg3ajLU9EdIB+zuRQmhMNwysMwRsm3GtT/6rBeHYZmwe1lIRqQR5xIaLm4mkGNN+l7QhNGcouxYA08K+nbI2aGBoG++X4o1XMAlu9oqeW/Qu9/NHx6N6MmSTbJEC8cgBOSJnpETKhJFH8kxeyZvz5Hw4n87X0DrljDIb5M843z/wwa6f</latexit><latexit sha1_base64="a+cEZ7rDdnthNpfJhfn8Ykr7a/4=">AAACPnicbVDLSgMxFM34rPVVdekmWIS6sMyIoEtRBBcKFa0WOrXcSdM2NDMTkjtiGfpF/oS/4FLduXAnbl2aPhbaeiHkcB7c5ARKCoOu++JMTc/Mzs1nFrKLS8srq7m19RsTJ5rxMotlrCsBGC5FxMsoUPKK0hzCQPLboHPS12/vuTYijq6xq3gthFYkmoIBWqqeO/VBqjbUfWkzDSj454N7h+7SoXLnI3/A9OqiN+nxQSkdP9BsPZd3i+5g6CTwRiBPRlOq5979RsySkEfIJBhT9VyFtRQ0CiZ5L+snhitgHWjxqoURhNzU0sF3e3TbMg3ajLU9EdIB+zuRQmhMNwysMwRsm3GtT/6rBeHYZmwe1lIRqQR5xIaLm4mkGNN+l7QhNGcouxYA08K+nbI2aGBoG++X4o1XMAlu9oqeW/Qu9/NHx6N6MmSTbJEC8cgBOSJnpETKhJFH8kxeyZvz5Hw4n87X0DrljDIb5M843z/wwa6f</latexit><latexit sha1_base64="a+cEZ7rDdnthNpfJhfn8Ykr7a/4=">AAACPnicbVDLSgMxFM34rPVVdekmWIS6sMyIoEtRBBcKFa0WOrXcSdM2NDMTkjtiGfpF/oS/4FLduXAnbl2aPhbaeiHkcB7c5ARKCoOu++JMTc/Mzs1nFrKLS8srq7m19RsTJ5rxMotlrCsBGC5FxMsoUPKK0hzCQPLboHPS12/vuTYijq6xq3gthFYkmoIBWqqeO/VBqjbUfWkzDSj454N7h+7SoXLnI3/A9OqiN+nxQSkdP9BsPZd3i+5g6CTwRiBPRlOq5979RsySkEfIJBhT9VyFtRQ0CiZ5L+snhitgHWjxqoURhNzU0sF3e3TbMg3ajLU9EdIB+zuRQmhMNwysMwRsm3GtT/6rBeHYZmwe1lIRqQR5xIaLm4mkGNN+l7QhNGcouxYA08K+nbI2aGBoG++X4o1XMAlu9oqeW/Qu9/NHx6N6MmSTbJEC8cgBOSJnpETKhJFH8kxeyZvz5Hw4n87X0DrljDIb5M843z/wwa6f</latexit><latexit sha1_base64="a+cEZ7rDdnthNpfJhfn8Ykr7a/4=">AAACPnicbVDLSgMxFM34rPVVdekmWIS6sMyIoEtRBBcKFa0WOrXcSdM2NDMTkjtiGfpF/oS/4FLduXAnbl2aPhbaeiHkcB7c5ARKCoOu++JMTc/Mzs1nFrKLS8srq7m19RsTJ5rxMotlrCsBGC5FxMsoUPKK0hzCQPLboHPS12/vuTYijq6xq3gthFYkmoIBWqqeO/VBqjbUfWkzDSj454N7h+7SoXLnI3/A9OqiN+nxQSkdP9BsPZd3i+5g6CTwRiBPRlOq5979RsySkEfIJBhT9VyFtRQ0CiZ5L+snhitgHWjxqoURhNzU0sF3e3TbMg3ajLU9EdIB+zuRQmhMNwysMwRsm3GtT/6rBeHYZmwe1lIRqQR5xIaLm4mkGNN+l7QhNGcouxYA08K+nbI2aGBoG++X4o1XMAlu9oqeW/Qu9/NHx6N6MmSTbJEC8cgBOSJnpETKhJFH8kxeyZvz5Hw4n87X0DrljDIb5M843z/wwa6f</latexit>

+ 3
8↵

2
1(µ0) [↵1(µ0) + ↵2(µ0)] �B1 ln2

✓
⇤

µ0

◆

<latexit sha1_base64="y+NtWZ1z0elqAW+EwFRbQfmU/rw="></latexit><latexit sha1_base64="y+NtWZ1z0elqAW+EwFRbQfmU/rw="></latexit><latexit sha1_base64="y+NtWZ1z0elqAW+EwFRbQfmU/rw="></latexit><latexit sha1_base64="y+NtWZ1z0elqAW+EwFRbQfmU/rw="></latexit>

Hypercharge

+ 3
8↵

2
2(µ0) [↵1(µ0) + 3↵2(µ0)] �B2 ln2

✓
⇤

µ0

◆

<latexit sha1_base64="OZzRpoVxfLXb+9qXOtC4WY6RzWA="></latexit><latexit sha1_base64="OZzRpoVxfLXb+9qXOtC4WY6RzWA="></latexit><latexit sha1_base64="OZzRpoVxfLXb+9qXOtC4WY6RzWA="></latexit><latexit sha1_base64="OZzRpoVxfLXb+9qXOtC4WY6RzWA="></latexit>

Weak

+32↵2
t (µ0)↵

2
3(µ0) �B3 ln3

✓
⇤

µ0

◆

<latexit sha1_base64="PZ3Sd8/5btL/yUWQpdqBj1FhR7U="></latexit><latexit sha1_base64="PZ3Sd8/5btL/yUWQpdqBj1FhR7U="></latexit><latexit sha1_base64="PZ3Sd8/5btL/yUWQpdqBj1FhR7U="></latexit><latexit sha1_base64="PZ3Sd8/5btL/yUWQpdqBj1FhR7U="></latexit>

Strong

Why?

All three gauge portals enhance the quartic 
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strong portal
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hypercharge portal

``squeezing’’
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hypercharge portal

Nf=32
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Planck

criticality<latexit sha1_base64="dB8T+B8zH07yUeEnd/E1Ir0Yuzs=">AAAB9XicbVDLSsNAFL3xWeur6tJNsAiuSiK+lkU3LivYBzSx3Ewm7dDJJMxMlBL6H25cKOLWf3Hn3zhts9DWAwOHc+7h3jlBypnSjvNtLS2vrK6tlzbKm1vbO7uVvf2WSjJJaJMkPJGdABXlTNCmZprTTiopxgGn7WB4M/Hbj1Qqloh7PUqpH2NfsIgR1EZ68JCnA+x53CRC7FWqTs2Zwl4kbkGqUKDRq3x5YUKymApNOCrVdZ1U+zlKzQin47KXKZoiGWKfdg0VGFPl59Orx/axUUI7SqR5QttT9Xcix1ipURyYyRj1QM17E/E/r5vp6MrPmUgzTQWZLYoybuvEnlRgh0xSovnIECSSmVttMkCJRJuiyqYEd/7Li6R1WnMvaud3Z9X6dVFHCQ7hCE7AhUuowy00oAkEJDzDK7xZT9aL9W59zEaXrCJzAH9gff4AixOSjg==</latexit>↵�

Higgs Criticality
�|µcrit = 0 and ��|µcrit = 0

<latexit sha1_base64="TZ3E53T/q7m22zrHALAnDkXewxA="></latexit><latexit sha1_base64="TZ3E53T/q7m22zrHALAnDkXewxA="></latexit><latexit sha1_base64="TZ3E53T/q7m22zrHALAnDkXewxA="></latexit><latexit sha1_base64="TZ3E53T/q7m22zrHALAnDkXewxA="></latexit>

��|µ=MPl ⇡ 0 and �|µ=MPl ⇡ 0 within O(10�4)
<latexit sha1_base64="24n0xTzG0YMC2F8IKdpUsevia1I="></latexit><latexit sha1_base64="24n0xTzG0YMC2F8IKdpUsevia1I="></latexit><latexit sha1_base64="24n0xTzG0YMC2F8IKdpUsevia1I="></latexit><latexit sha1_base64="24n0xTzG0YMC2F8IKdpUsevia1I="></latexit>

[Buttazzo et al ’13]

µcrit

GeV
⇡ 1011 � 1015

<latexit sha1_base64="aZUfDyddJjKFn2YCU6zS9kZQKWQ="></latexit><latexit sha1_base64="aZUfDyddJjKFn2YCU6zS9kZQKWQ="></latexit><latexit sha1_base64="aZUfDyddJjKFn2YCU6zS9kZQKWQ="></latexit><latexit sha1_base64="aZUfDyddJjKFn2YCU6zS9kZQKWQ="></latexit>

SM
Criticality:

Result:

typical GUT scale
not Planck scale

[ ]
Planck



�� = �SM
� + I� ↵ ↵� � I ↵

2
 +O(2-loop)

<latexit sha1_base64="2HheU4NYTLxMP5JsZLXXOtUkIqo="></latexit><latexit sha1_base64="2HheU4NYTLxMP5JsZLXXOtUkIqo="></latexit><latexit sha1_base64="2HheU4NYTLxMP5JsZLXXOtUkIqo="></latexit><latexit sha1_base64="2HheU4NYTLxMP5JsZLXXOtUkIqo="></latexit>

Yukawa

``good’’ ``bad’’

Competition!

Who wins?

↵� =
�

(4⇡)2
<latexit sha1_base64="BynHJgORe8l8nhJfmkQGGf7Fd+g=">AAACK3icbVDLSgMxFM34rONr1KWbYBHqpsyUgm6EohuXFewDOmO5k2ba0MyDJCOUof/hT/gLbnXvSnEl+B9m2llo64HAyTn3cJPjJ5xJZdvvxsrq2vrGZmnL3N7Z3du3Dg7bMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fjj69zvPFAhWRzdqUlCvRCGEQsYAaWlvlXDBVzgyQj6LtfZAVy6gQCSFbdpVqm7CTu7r01N0+xbZbtqz4CXiVOQMirQ7Ftf7iAmaUgjRThI2XPsRHkZCMUIp1PTTSVNgIxhSHuaRhBS6WWzv03xqVYGOIiFPpHCM/V3IoNQykno68kQ1Eguern4r+eHC5tVcOFlLEpSRSMyXxykHKsY58XhAROUKD7RBIhg+u2YjEC3pHS9eSnOYgXLpF2rOnbVua2XG1dFPSV0jE5QBTnoHDXQDWqiFiLoET2jF/RqPBlvxofxOR9dMYrMEfoD4/sHXFSlDQ==</latexit><latexit sha1_base64="BynHJgORe8l8nhJfmkQGGf7Fd+g=">AAACK3icbVDLSgMxFM34rONr1KWbYBHqpsyUgm6EohuXFewDOmO5k2ba0MyDJCOUof/hT/gLbnXvSnEl+B9m2llo64HAyTn3cJPjJ5xJZdvvxsrq2vrGZmnL3N7Z3du3Dg7bMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fjj69zvPFAhWRzdqUlCvRCGEQsYAaWlvlXDBVzgyQj6LtfZAVy6gQCSFbdpVqm7CTu7r01N0+xbZbtqz4CXiVOQMirQ7Ftf7iAmaUgjRThI2XPsRHkZCMUIp1PTTSVNgIxhSHuaRhBS6WWzv03xqVYGOIiFPpHCM/V3IoNQykno68kQ1Eguern4r+eHC5tVcOFlLEpSRSMyXxykHKsY58XhAROUKD7RBIhg+u2YjEC3pHS9eSnOYgXLpF2rOnbVua2XG1dFPSV0jE5QBTnoHDXQDWqiFiLoET2jF/RqPBlvxofxOR9dMYrMEfoD4/sHXFSlDQ==</latexit><latexit sha1_base64="BynHJgORe8l8nhJfmkQGGf7Fd+g=">AAACK3icbVDLSgMxFM34rONr1KWbYBHqpsyUgm6EohuXFewDOmO5k2ba0MyDJCOUof/hT/gLbnXvSnEl+B9m2llo64HAyTn3cJPjJ5xJZdvvxsrq2vrGZmnL3N7Z3du3Dg7bMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fjj69zvPFAhWRzdqUlCvRCGEQsYAaWlvlXDBVzgyQj6LtfZAVy6gQCSFbdpVqm7CTu7r01N0+xbZbtqz4CXiVOQMirQ7Ftf7iAmaUgjRThI2XPsRHkZCMUIp1PTTSVNgIxhSHuaRhBS6WWzv03xqVYGOIiFPpHCM/V3IoNQykno68kQ1Eguern4r+eHC5tVcOFlLEpSRSMyXxykHKsY58XhAROUKD7RBIhg+u2YjEC3pHS9eSnOYgXLpF2rOnbVua2XG1dFPSV0jE5QBTnoHDXQDWqiFiLoET2jF/RqPBlvxofxOR9dMYrMEfoD4/sHXFSlDQ==</latexit><latexit sha1_base64="BynHJgORe8l8nhJfmkQGGf7Fd+g=">AAACK3icbVDLSgMxFM34rONr1KWbYBHqpsyUgm6EohuXFewDOmO5k2ba0MyDJCOUof/hT/gLbnXvSnEl+B9m2llo64HAyTn3cJPjJ5xJZdvvxsrq2vrGZmnL3N7Z3du3Dg7bMk4FoS0S81h0fZCUs4i2FFOcdhNBIfQ57fjj69zvPFAhWRzdqUlCvRCGEQsYAaWlvlXDBVzgyQj6LtfZAVy6gQCSFbdpVqm7CTu7r01N0+xbZbtqz4CXiVOQMirQ7Ftf7iAmaUgjRThI2XPsRHkZCMUIp1PTTSVNgIxhSHuaRhBS6WWzv03xqVYGOIiFPpHCM/V3IoNQykno68kQ1Eguern4r+eHC5tVcOFlLEpSRSMyXxykHKsY58XhAROUKD7RBIhg+u2YjEC3pHS9eSnOYgXLpF2rOnbVua2XG1dFPSV0jE5QBTnoHDXQDWqiFiLoET2jF/RqPBlvxofxOR9dMYrMEfoD4/sHXFSlDQ==</latexit>

↵ =
2

(4⇡)2
<latexit sha1_base64="KgKkTSWOyk6mS2yvXB4tzudI/CQ=">AAACIHicbZDLSsNAFIYn9VbrLerSTbCIdVOSUtCNUHTjsoK9QBPDyXTSDp0kw8xEKKGP4Ev4Cm51705c6tIncdpmoa0/DHzzn3M4M3/AGZXKtj+Nwsrq2vpGcbO0tb2zu2fuH7RlkgpMWjhhiegGIAmjMWkpqhjpckEgChjpBKPrab3zQISkSXynxpx4EQxiGlIMSlu+eeoC40Pw3RFwDpduKABn88t9bZJV6i6nZ5p8s2xX7ZmsZXByKKNcTd/8dvsJTiMSK8xAyp5jc+VlIBTFjExKbioJBzyCAelpjCEi0stmH5pYJ9rpW2Ei9ImVNXN/T2QQSTmOAt0ZgRrKxdrU/LcWRAubVXjhZTTmqSIxni8OU2apxJqmZfWpIFixsQbAguq3W3gIOiOlMy3pUJzFCJahXas6dtW5rZcbV3k8RXSEjlEFOegcNdANaqIWwugRPaMX9Go8GW/Gu/Exby0Y+cwh+iPj6wd90qNp</latexit><latexit sha1_base64="KgKkTSWOyk6mS2yvXB4tzudI/CQ=">AAACIHicbZDLSsNAFIYn9VbrLerSTbCIdVOSUtCNUHTjsoK9QBPDyXTSDp0kw8xEKKGP4Ev4Cm51705c6tIncdpmoa0/DHzzn3M4M3/AGZXKtj+Nwsrq2vpGcbO0tb2zu2fuH7RlkgpMWjhhiegGIAmjMWkpqhjpckEgChjpBKPrab3zQISkSXynxpx4EQxiGlIMSlu+eeoC40Pw3RFwDpduKABn88t9bZJV6i6nZ5p8s2xX7ZmsZXByKKNcTd/8dvsJTiMSK8xAyp5jc+VlIBTFjExKbioJBzyCAelpjCEi0stmH5pYJ9rpW2Ei9ImVNXN/T2QQSTmOAt0ZgRrKxdrU/LcWRAubVXjhZTTmqSIxni8OU2apxJqmZfWpIFixsQbAguq3W3gIOiOlMy3pUJzFCJahXas6dtW5rZcbV3k8RXSEjlEFOegcNdANaqIWwugRPaMX9Go8GW/Gu/Exby0Y+cwh+iPj6wd90qNp</latexit><latexit sha1_base64="KgKkTSWOyk6mS2yvXB4tzudI/CQ=">AAACIHicbZDLSsNAFIYn9VbrLerSTbCIdVOSUtCNUHTjsoK9QBPDyXTSDp0kw8xEKKGP4Ev4Cm51705c6tIncdpmoa0/DHzzn3M4M3/AGZXKtj+Nwsrq2vpGcbO0tb2zu2fuH7RlkgpMWjhhiegGIAmjMWkpqhjpckEgChjpBKPrab3zQISkSXynxpx4EQxiGlIMSlu+eeoC40Pw3RFwDpduKABn88t9bZJV6i6nZ5p8s2xX7ZmsZXByKKNcTd/8dvsJTiMSK8xAyp5jc+VlIBTFjExKbioJBzyCAelpjCEi0stmH5pYJ9rpW2Ei9ImVNXN/T2QQSTmOAt0ZgRrKxdrU/LcWRAubVXjhZTTmqSIxni8OU2apxJqmZfWpIFixsQbAguq3W3gIOiOlMy3pUJzFCJahXas6dtW5rZcbV3k8RXSEjlEFOegcNdANaqIWwugRPaMX9Go8GW/Gu/Exby0Y+cwh+iPj6wd90qNp</latexit><latexit sha1_base64="KgKkTSWOyk6mS2yvXB4tzudI/CQ=">AAACIHicbZDLSsNAFIYn9VbrLerSTbCIdVOSUtCNUHTjsoK9QBPDyXTSDp0kw8xEKKGP4Ev4Cm51705c6tIncdpmoa0/DHzzn3M4M3/AGZXKtj+Nwsrq2vpGcbO0tb2zu2fuH7RlkgpMWjhhiegGIAmjMWkpqhjpckEgChjpBKPrab3zQISkSXynxpx4EQxiGlIMSlu+eeoC40Pw3RFwDpduKABn88t9bZJV6i6nZ5p8s2xX7ZmsZXByKKNcTd/8dvsJTiMSK8xAyp5jc+VlIBTFjExKbioJBzyCAelpjCEi0stmH5pYJ9rpW2Ei9ImVNXN/T2QQSTmOAt0ZgRrKxdrU/LcWRAubVXjhZTTmqSIxni8OU2apxJqmZfWpIFixsQbAguq3W3gIOiOlMy3pUJzFCJahXas6dtW5rZcbV3k8RXSEjlEFOegcNdANaqIWwugRPaMX9Go8GW/Gu/Exby0Y+cwh+iPj6wd90qNp</latexit>

+ -

Main new RG effect

Yukawa Portals



Yukawa Portalsall 13 possibilities



Model M

Yukawa Portals

 LH
c
D
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Higgs Portals

``good’’

genuine uplift

Main new RG effect

+

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



Higgs Portals
single real BSM scalar
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G Hiller, T Hoehne, DF Litim, T Steudtner, Vacuum stability in the SM and beyond 2401.08811



Higgs Portals
O(N) BSM scalars

adding more scalars 
enhances the range 
for stability

M = 1 TeV

N = 1 N = 10

N = 100 N = 1000

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 vertices hZZ, hhh, hhhh

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



Top-Down

Q: What does it take to

… beyond asymptotic freedom?

achieve UV-safe theories



rigorous fixed points in 4d:

exist for simple gauge theories with matter

compatible with supersymmetry

exist for  semi-simple gauge theories with matter 

exist for strongly coupled theories

Top-Down



template UV

Top-Down

Lagrangian

no asymptotic freedom, yet, stable and predictive 
“UV complete” 

scalars are “meson-like”, H_ij
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UV fixed point

DF Litim, F Sannino, Asymptotic Safety Guaranteed, 1406.2337  (JHEP)

SU(N)

fermions

scalars



electron and muon 
anomalous magnetic moments

A Bond, G Hiller, K Kowalska, DF Litim, 
Directions for model building from asymptotic safety, JHEP1708 (2017) 004

G Hiller, C Hermigos-Feliu, DF Litim, T Steudtner, 
Asymptotically safe extensions  of the Standard Model and their flavour phenomenology 1905.11020 
Anomalous magnetic moments from asymptotic safety  1910.14062 
Model building from asymptotic safety with Higgs and flavour portals  2008.08606
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<latexit sha1_base64="MshlIltT23vgLW9btGrem5mtjPA=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWEYwD0iWMDuZTYbM7K4zd8WwpPUXbLW3E1v/w9YvcZJsoYkHLhzOuZdzOUEihUHX/XKWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZci4nUUKHkr0ZyqQPJmMLye+M0Hro2IozscJdxXtB+JUDCKVvI7yB8x6wQhOfXG3VLZrbhTkEXi5aQMOWrd0nenF7NU8QiZpMa0PTdBP6MaBZN8XOykhieUDWmfty2NqOLGz6ZPj8mxVXokjLWdCMlU/X2RUWXMSAV2U1EcmHlvIv7rBWouGcNLPxNRkiKP2Cw4TCXBmEwaIT2hOUM5soQyLezvhA2opgxtb0VbijdfwSJpnFU8t+LdnperV3k9BTiEIzgBDy6gCjdQgzowuIdneIFX58l5c96dj9nqkpPfHMAfOJ8/s6CYXQ==</latexit><latexit sha1_base64="MshlIltT23vgLW9btGrem5mtjPA=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWEYwD0iWMDuZTYbM7K4zd8WwpPUXbLW3E1v/w9YvcZJsoYkHLhzOuZdzOUEihUHX/XKWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZci4nUUKHkr0ZyqQPJmMLye+M0Hro2IozscJdxXtB+JUDCKVvI7yB8x6wQhOfXG3VLZrbhTkEXi5aQMOWrd0nenF7NU8QiZpMa0PTdBP6MaBZN8XOykhieUDWmfty2NqOLGz6ZPj8mxVXokjLWdCMlU/X2RUWXMSAV2U1EcmHlvIv7rBWouGcNLPxNRkiKP2Cw4TCXBmEwaIT2hOUM5soQyLezvhA2opgxtb0VbijdfwSJpnFU8t+LdnperV3k9BTiEIzgBDy6gCjdQgzowuIdneIFX58l5c96dj9nqkpPfHMAfOJ8/s6CYXQ==</latexit><latexit sha1_base64="MshlIltT23vgLW9btGrem5mtjPA=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWEYwD0iWMDuZTYbM7K4zd8WwpPUXbLW3E1v/w9YvcZJsoYkHLhzOuZdzOUEihUHX/XKWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZci4nUUKHkr0ZyqQPJmMLye+M0Hro2IozscJdxXtB+JUDCKVvI7yB8x6wQhOfXG3VLZrbhTkEXi5aQMOWrd0nenF7NU8QiZpMa0PTdBP6MaBZN8XOykhieUDWmfty2NqOLGz6ZPj8mxVXokjLWdCMlU/X2RUWXMSAV2U1EcmHlvIv7rBWouGcNLPxNRkiKP2Cw4TCXBmEwaIT2hOUM5soQyLezvhA2opgxtb0VbijdfwSJpnFU8t+LdnperV3k9BTiEIzgBDy6gCjdQgzowuIdneIFX58l5c96dj9nqkpPfHMAfOJ8/s6CYXQ==</latexit><latexit sha1_base64="MshlIltT23vgLW9btGrem5mtjPA=">AAACBHicbVC7SgNBFL3rM8ZX1NJmMAg2hl0RtAzaWEYwD0iWMDuZTYbM7K4zd8WwpPUXbLW3E1v/w9YvcZJsoYkHLhzOuZdzOUEihUHX/XKWlldW19YLG8XNre2d3dLefsPEqWa8zmIZ61ZADZci4nUUKHkr0ZyqQPJmMLye+M0Hro2IozscJdxXtB+JUDCKVvI7yB8x6wQhOfXG3VLZrbhTkEXi5aQMOWrd0nenF7NU8QiZpMa0PTdBP6MaBZN8XOykhieUDWmfty2NqOLGz6ZPj8mxVXokjLWdCMlU/X2RUWXMSAV2U1EcmHlvIv7rBWouGcNLPxNRkiKP2Cw4TCXBmEwaIT2hOUM5soQyLezvhA2opgxtb0VbijdfwSJpnFU8t+LdnperV3k9BTiEIzgBDy6gCjdQgzowuIdneIFX58l5c96dj9nqkpPfHMAfOJ8/s6CYXQ==</latexit>
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<latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit><latexit sha1_base64="3mZw1G/XIAu6AE/op6vON79fE1o=">AAACFXicbVA9SwNBEN3zM8avqKUWi0GwCndB0DKohWUE8wG5GPY2k2TJ7t2xOyeEI41/wr9gq72d2Frb+kvcJFdo4oOBx3szzMwLYikMuu6Xs7S8srq2ntvIb25t7+wW9vbrJko0hxqPZKSbATMgRQg1FCihGWtgKpDQCIZXE7/xANqIKLzDUQxtxfqh6AnO0EqdwpEfqNS/BomMsg74vBsh9dz71CuPx51C0S25U9BF4mWkSDJUO4VvvxvxREGIXDJjWp4bYztlGgWXMM77iYGY8SHrQ8vSkCkw7XT6xZieWKVLe5G2FSKdqr8nUqaMGanAdiqGAzPvTcR/vUDNbcbeRTsVYZwghHy2uJdIihGdRES7QgNHObKEcS3s7ZQPmGYcbZB5G4o3H8EiqZdLnlvybs+Klcssnhw5JMfklHjknFTIDamSGuHkkTyTF/LqPDlvzrvzMWtdcrKZA/IHzucP+4meVw==</latexit>

2
<latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit><latexit sha1_base64="k+fIVsWIG2/B8cOx6B5XgHrY4yI=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWaKoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0qpVfa/q311U6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/AM38lbE=</latexit> 4

<latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit><latexit sha1_base64="AoH35AbNjFI3i4KteIVAWdh/eHM=">AAAB/XicbVDLSgMxFL2pr1pfVZdugkVwVWakoMuiG5cV7APaoWTSTBubZIYkI5Sh+Atude9O3Potbv0S03YW2nrgwuGcezmXEyaCG+t5X6iwtr6xuVXcLu3s7u0flA+PWiZONWVNGotYd0JimOCKNS23gnUSzYgMBWuH45uZ335k2vBY3dtJwgJJhopHnBLrpFYvlFlt2i9XvKo3B14lfk4qkKPRL3/3BjFNJVOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HFZHMBNn82yk+c8oAR7F2oyyeq78vMiKNmcjQbUpiR2bZm4n/eqFcSrbRVZBxlaSWKboIjlKBbYxnVeAB14xaMXGEUM3d75iOiCbUusJKrhR/uYJV0rqo+l7Vv6tV6td5PUU4gVM4Bx8uoQ630IAmUHiAZ3iBV/SE3tA7+lisFlB+cwx/gD5/ANEmlbM=</latexit>

-2
<latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit><latexit sha1_base64="1f1bivXBwi6iay3gqub3vjMcfnc=">AAACA3icbVC7SgNBFL3rM8ZX1NJmMQg2ht0gaBm0sYxgHpANYXYymwyZmV1m7ophSekv2GpvJ7Z+iK1f4iTZQhMPXDiccy/ncsJEcIOe9+WsrK6tb2wWtorbO7t7+6WDw6aJU01Zg8Yi1u2QGCa4Yg3kKFg70YzIULBWOLqZ+q0Hpg2P1T2OE9aVZKB4xClBKwUBskfMgjA6r056pbJX8WZwl4mfkzLkqPdK30E/pqlkCqkgxnR8L8FuRjRyKtikGKSGJYSOyIB1LFVEMtPNZj9P3FOr9N0o1nYUujP190VGpDFjGdpNSXBoFr2p+K8XyoVkjK66GVdJikzReXCUChdjd1qI2+eaURRjSwjV3P7u0iHRhKKtrWhL8RcrWCbNasX3Kv7dRbl2nddTgGM4gTPw4RJqcAt1aACFBJ7hBV6dJ+fNeXc+5qsrTn5zBH/gfP4AWYuYNA==</latexit>

0
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to date: about < 100 BSM models can explain the muon 
and electron data simultaneously

All but ONE treat electrons and muons differently
i.e. break lepton universality manifestly

what’s the new physics?

AMMs



matrix scalar field S
Nf = 3 vector-like fermions
new Yukawas + portal interactions

BSM matter SM matter

feature 1: lepton universality intact

inspired by UV fixed point:
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ij =  �ij
identify SM flavour symmetry
with BSM flavour symmetry

AMMs



    universality class of any weakly coupled 4D 
critical point contains non-abelian gauge fields

“any QFT under pert. control in the deep UV or IR 
asymptotes to a conformal field theory”    

    any weakly-coupled 4D conformal field theory 
contains gauge degrees of freedom

Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12

BSM Yukawas can explain
anomalous magnetic moments

feature 2: 

matrix scalar field S
Nf = 3 vector-like fermions
new Yukawas + portal interactions

AMMs
inspired by UV fixed point:



Polchinski ’88
Luty, Polchinski, Rattazzi, ‘12
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   enhanced”“minimal”
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what’s more

vacuum stability
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“Planck safe”AMMs

fully stable vacua



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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Conclusions

Bottom-Up

Quo vadis model building?

turn SM metastability into BSM task 

Top-Down new opportunities from UV fixed points 

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

exploit ideas beyond asymptotic freedom

Outlook “quantum gravity connection”
learn how quantum gravity kicks in
constraining power



Thank you!


