
Directions for Model Building
beyond Asymptotic Freedom

Daniel Litim

“Asymptotic safety meets particle physics and friends"



running couplings
quantum fluctuations modify interactions
couplings depend on energy

predictions into regions where we 
cannot (yet) make measurements
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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



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)

Talk by 
Tom Steudtner



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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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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quantum gravity
connection

consistent connection
with quantised gravity



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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(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 ↵
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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
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<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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<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>



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

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>
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Hypercharge
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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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[Buttazzo et al Õ13]
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SM
Criticality:

Result:

typical GUT scale
not Planck scale

[ ]
Planck
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" + O(2-loop)
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Yukawa

``good’’ ``bad’’

Competition!

Who wins?
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Main new RG effect

Yukawa Portals



Yukawa Portalsall 13 possibilities



Model M

Yukawa Portals
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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

Talk by 
Moritz Bosse



Top-Down

Q: What does it take to

… beyond asymptotic freedom?

achieve UV-safe theories



rigorous fixed points in 4d:
exist for  weakly coupled gauge theories with matter 

Top-Down

DF Litim, F Sannino, Asymptotic safety guaranteed, 1406.2337

SU(N) + Diracs
+ mesons

SO(N) + Majoranas 
+ mesons

Sp(N) + Majoranas
+ mesons
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AD Bond, DF Litim, T Steudtner, Asymptotic safety with Majorana fermions and new large N equivalences 1911.11168
AD Bond, DF Litim, G Medina Vazquez, T Steudtner, Conformal window for asymptotic safety, 1710.07615



DF Litim, N Riyaz, E Stamou, T Steudtner, Asymptotic safety guaranteed at four loop, 2307.08747 (PRD)
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rigorous UV fixed points in 4d:

exist for  weakly coupled gauge non-SUSY theories with matter 

exist for weekly and strongly coupled SUSY theories

Top-Down

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

model building

model building   G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)



UV-safety with Supersymmetry

  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

  AD Bond, DF Litim, Asymptotic Safety Guaranteed in Supersymmetry, 1709.06953 (PRL) 
                                  Asymptotic Safety Guaranteed for Strongly Coupled Gauge Theories, 2202.08223 (PRD)



why no Susy UV fixed point

     asymptotic freedom: B > 0
no asymptotic freedom: B < 0
           fixed point requires AF
           UV fixed point cannot arise

S Martin, J Wells, hep-ph/0011382/PRD
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superfield anomalous dimension



why no Susy UV fixed point
strong coupling?

X

a-theorem



why no Susy UV fixed point
superfield anomalous dimension

remedy: semi-simple susy gauge theories

AD Bond, DF Litim, 1709.06953/PRL

X

some B < 0 a possibilityi
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         UV fixed points can arise
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interacting 
UV fixed point

no 
asymptotic 

freedom
e.g. MSSM
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Susy UV fixed points

 template:

SU(N) x SU(M) 
 + chiral superfields

 + superpotential

  AD Bond, DF Litim, Asymptotic Safety Guaranteed in Supersymmetry, 1709.06953 (PRL)
                                  Asymptotic Safety Guaranteed for Strongly Coupled Gauge Theories, 2202.08223 (PRD)



MSSM extensions
concrete:  MSSM + new quark singlets Q 
                              + new leptons L 
                              + superpotential Y_ijk

  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

                 MSSM + new quark doublets Q 
                             + new leptons L 
                             + superpotential Y_ijk

                 MSSM + fourth generation 
                             + new leptons L 
                             + superpotential Y_ijk



MSSM extensions
concrete:  MSSM + new quark singlets Q 
                              + new leptons L 
                              + superpotential Y_ijk

  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

                 MSSM + new quark doublets Q 
                             + new leptons L 
                             + superpotential Y_ijk

                 MSSM + fourth generation 
                             + new leptons L 
                             + superpotential Y_ijk



MSSM extensions

  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

new quark singlets 
and new leptons new quark doublets 

and new leptons

a fourth generation 
and new leptons



  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

scan over 212k models
approx 100 UV fixed points

MSSM + new quark singlets and new leptons



  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

MSSM + new quark doublets and new leptons

scan over 80k models
only IR fixed points



  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

MSSM + a fourth generation and new leptons

scan over 4k models
only IR fixed points
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Gaussian FP 
SM trajectory

UV safe trajectory

  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

gauge
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nearly  works:
matching scale 
too low  (1 GeV)

MSSM + new quark singlets and new leptons



  G Hiller, D Litim, K Moch, FPs in supersymmetric extensions of the Standard Model  2202.01264 (EPJC)

Effects that may help:

non-perturbative study required

tilted separatrixweak UV



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



UV-safe Planck-safe

asymptotic freedom

asymptotic safety

Standard Model

stable and well-defined 
up to the Planck scale 

UV-free

th
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ry
 s

pa
ce

theory space

quantum gravity
connection

Outlook

?

?



Thank you!


