
Daniel Litim

Vacuum Stability
as a Guide for Model Building

w/ Gudrun Hiller, Tim Hoehne, Tom Steudtner
based on 2207.07737 [PRD 106 (2022)115004)]

Moriond EW 
23 Mar 23



104 106 108 1010 1012 1014 1016 1018 1020 1022 1024 1026 1028 1030 1032 1034 1036 1038 1040 1042

100

10-1

10-2

10-3

10-4

10-5

10-6

SM Planck Landau

�1

�2

�3

�t

|��|

Vacuum Stability

gauge
top

scalar

3-loop SM running

Uncertainty bands: 
1-sigma top pole mass↵� =

�

(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>

Higgs quartic

mt = 172.76± 0.30 GeV
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Bottom-Up

Q: What does it take to

… and make it safely up to 
                    the Planck scale?

achieve vacuum stability?



Portals into Stability

Gauge Portals



Portals into Stability

Gauge Portals
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Vectorlike Fermions 
(VLFs)
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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’'
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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>

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
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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>

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@te

Matching:

Here: complete 2-loop



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+nxQSkdP9 BsPZd3i+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+nxQSkdP9 BsPZd3i+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+nxQSkdP9 BsPZd3i+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+nxQSkdP9 BsPZd3i+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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WeakStrong

Nf=2 Nf=5
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Hypercharge ``squeezing’’

Nf=32

Nf=22



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]

103 105 107 109 1011 1013 1015 1017 1019 1021

�/GeV

Criticality BSM

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

SM

( )



Yukawa Portals
all 13 possibilities



Yukawa Portals

�� = �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
Model L Model M

 LH
c
D

<latexit sha1_base64="fcKwFH1X5ReN19688JvEu7cmc3M=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvgQcquCHos6qEHDxXsD3TXkk2zbWiSDUlWKMs+gC/hK3jVuzfxKnj1Scy2PWjrQGCYmS9fMqFkVBvX/XIKS8srq2vF9dLG5tb2Tnl3r6XjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HF3lfvuBKE1jcWfGkgQcDQSNKEbGSr1yxR8hKZF/Av3Y5vJrUl9qmvXSmwzW7zG8LtmUW3UngIvEm5EKmKHRK3/7/RgnnAiDGdK667nSBClShmJGspKfaCIRHqEB6VoqECc6SCefyeCRVfowipU9wsCJ+nsiRVzrMQ9tkiMz1PNeLv7rhXxus4kugpQKmRgi8HRxlDBoYpg3BftUEWzY2BKEFbVvh3iIFMLG9pmX4s1XsEhap1XPrXq3Z5Xa5ayeIjgAh+AYeOAc1EAdNEATYPAInsELeHWenDfn3fmYRgvObGYf/IHz+QOsK6Fa</latexit><latexit sha1_base64="fcKwFH1X5ReN19688JvEu7cmc3M=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvgQcquCHos6qEHDxXsD3TXkk2zbWiSDUlWKMs+gC/hK3jVuzfxKnj1Scy2PWjrQGCYmS9fMqFkVBvX/XIKS8srq2vF9dLG5tb2Tnl3r6XjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HF3lfvuBKE1jcWfGkgQcDQSNKEbGSr1yxR8hKZF/Av3Y5vJrUl9qmvXSmwzW7zG8LtmUW3UngIvEm5EKmKHRK3/7/RgnnAiDGdK667nSBClShmJGspKfaCIRHqEB6VoqECc6SCefyeCRVfowipU9wsCJ+nsiRVzrMQ9tkiMz1PNeLv7rhXxus4kugpQKmRgi8HRxlDBoYpg3BftUEWzY2BKEFbVvh3iIFMLG9pmX4s1XsEhap1XPrXq3Z5Xa5ayeIjgAh+AYeOAc1EAdNEATYPAInsELeHWenDfn3fmYRgvObGYf/IHz+QOsK6Fa</latexit><latexit sha1_base64="fcKwFH1X5ReN19688JvEu7cmc3M=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvgQcquCHos6qEHDxXsD3TXkk2zbWiSDUlWKMs+gC/hK3jVuzfxKnj1Scy2PWjrQGCYmS9fMqFkVBvX/XIKS8srq2vF9dLG5tb2Tnl3r6XjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HF3lfvuBKE1jcWfGkgQcDQSNKEbGSr1yxR8hKZF/Av3Y5vJrUl9qmvXSmwzW7zG8LtmUW3UngIvEm5EKmKHRK3/7/RgnnAiDGdK667nSBClShmJGspKfaCIRHqEB6VoqECc6SCefyeCRVfowipU9wsCJ+nsiRVzrMQ9tkiMz1PNeLv7rhXxus4kugpQKmRgi8HRxlDBoYpg3BftUEWzY2BKEFbVvh3iIFMLG9pmX4s1XsEhap1XPrXq3Z5Xa5ayeIjgAh+AYeOAc1EAdNEATYPAInsELeHWenDfn3fmYRgvObGYf/IHz+QOsK6Fa</latexit><latexit sha1_base64="fcKwFH1X5ReN19688JvEu7cmc3M=">AAACHHicbVDNSgMxGMzWv1r/qh69BIvgQcquCHos6qEHDxXsD3TXkk2zbWiSDUlWKMs+gC/hK3jVuzfxKnj1Scy2PWjrQGCYmS9fMqFkVBvX/XIKS8srq2vF9dLG5tb2Tnl3r6XjRGHSxDGLVSdEmjAqSNNQw0hHKoJ4yEg7HF3lfvuBKE1jcWfGkgQcDQSNKEbGSr1yxR8hKZF/Av3Y5vJrUl9qmvXSmwzW7zG8LtmUW3UngIvEm5EKmKHRK3/7/RgnnAiDGdK667nSBClShmJGspKfaCIRHqEB6VoqECc6SCefyeCRVfowipU9wsCJ+nsiRVzrMQ9tkiMz1PNeLv7rhXxus4kugpQKmRgi8HRxlDBoYpg3BftUEWzY2BKEFbVvh3iIFMLG9pmX4s1XsEhap1XPrXq3Z5Xa5ayeIjgAh+AYeOAc1EAdNEATYPAInsELeHWenDfn3fmYRgvObGYf/IHz+QOsK6Fa</latexit>

 LH
c
U

<latexit sha1_base64="cH3eqPZDqDGOOEoG1nsgANYl6Iw=">AAACHHicbVDNSgMxGMz6W+tf1aOXYBE8SNkVQY9FLz14qOC2he5asmm2Dc0mIckKZdkH8CV8Ba969yZeBa8+idm2B20dCAwz8+VLJpKMauO6X87S8srq2nppo7y5tb2zW9nbb2mRKkx8LJhQnQhpwignvqGGkY5UBCURI+1odF347QeiNBX8zowlCRM04DSmGBkr9SrVYISkRMEpDITNFddkgdQ072U3OWzcY+iXbcqtuRPAReLNSBXM0OxVvoO+wGlCuMEMad31XGnCDClDMSN5OUg1kQiP0IB0LeUoITrMJp/J4bFV+jAWyh5u4ET9PZGhROtxEtlkgsxQz3uF+K8XJXObTXwZZpTL1BCOp4vjlEEjYNEU7FNFsGFjSxBW1L4d4iFSCBvbZ1GKN1/BImmd1Ty35t2eV+tXs3pK4BAcgRPggQtQBw3QBD7A4BE8gxfw6jw5b8678zGNLjmzmQPwB87nD8cQoWs=</latexit><latexit sha1_base64="cH3eqPZDqDGOOEoG1nsgANYl6Iw=">AAACHHicbVDNSgMxGMz6W+tf1aOXYBE8SNkVQY9FLz14qOC2he5asmm2Dc0mIckKZdkH8CV8Ba969yZeBa8+idm2B20dCAwz8+VLJpKMauO6X87S8srq2nppo7y5tb2zW9nbb2mRKkx8LJhQnQhpwignvqGGkY5UBCURI+1odF347QeiNBX8zowlCRM04DSmGBkr9SrVYISkRMEpDITNFddkgdQ072U3OWzcY+iXbcqtuRPAReLNSBXM0OxVvoO+wGlCuMEMad31XGnCDClDMSN5OUg1kQiP0IB0LeUoITrMJp/J4bFV+jAWyh5u4ET9PZGhROtxEtlkgsxQz3uF+K8XJXObTXwZZpTL1BCOp4vjlEEjYNEU7FNFsGFjSxBW1L4d4iFSCBvbZ1GKN1/BImmd1Ty35t2eV+tXs3pK4BAcgRPggQtQBw3QBD7A4BE8gxfw6jw5b8678zGNLjmzmQPwB87nD8cQoWs=</latexit><latexit sha1_base64="cH3eqPZDqDGOOEoG1nsgANYl6Iw=">AAACHHicbVDNSgMxGMz6W+tf1aOXYBE8SNkVQY9FLz14qOC2he5asmm2Dc0mIckKZdkH8CV8Ba969yZeBa8+idm2B20dCAwz8+VLJpKMauO6X87S8srq2nppo7y5tb2zW9nbb2mRKkx8LJhQnQhpwignvqGGkY5UBCURI+1odF347QeiNBX8zowlCRM04DSmGBkr9SrVYISkRMEpDITNFddkgdQ072U3OWzcY+iXbcqtuRPAReLNSBXM0OxVvoO+wGlCuMEMad31XGnCDClDMSN5OUg1kQiP0IB0LeUoITrMJp/J4bFV+jAWyh5u4ET9PZGhROtxEtlkgsxQz3uF+K8XJXObTXwZZpTL1BCOp4vjlEEjYNEU7FNFsGFjSxBW1L4d4iFSCBvbZ1GKN1/BImmd1Ty35t2eV+tXs3pK4BAcgRPggQtQBw3QBD7A4BE8gxfw6jw5b8678zGNLjmzmQPwB87nD8cQoWs=</latexit><latexit sha1_base64="cH3eqPZDqDGOOEoG1nsgANYl6Iw=">AAACHHicbVDNSgMxGMz6W+tf1aOXYBE8SNkVQY9FLz14qOC2he5asmm2Dc0mIckKZdkH8CV8Ba969yZeBa8+idm2B20dCAwz8+VLJpKMauO6X87S8srq2nppo7y5tb2zW9nbb2mRKkx8LJhQnQhpwignvqGGkY5UBCURI+1odF347QeiNBX8zowlCRM04DSmGBkr9SrVYISkRMEpDITNFddkgdQ072U3OWzcY+iXbcqtuRPAReLNSBXM0OxVvoO+wGlCuMEMad31XGnCDClDMSN5OUg1kQiP0IB0LeUoITrMJp/J4bFV+jAWyh5u4ET9PZGhROtxEtlkgsxQz3uF+K8XJXObTXwZZpTL1BCOp4vjlEEjYNEU7FNFsGFjSxBW1L4d4iFSCBvbZ1GKN1/BImmd1Ty35t2eV+tXs3pK4BAcgRPggQtQBw3QBD7A4BE8gxfw6jw5b8678zGNLjmzmQPwB87nD8cQoWs=</latexit>
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Conclusions

Vectorlike quarks and vectorlike leptons are very well
motivated BSM particles

VLFs can be as light as a TeV

VLFs without Yukawa can be long-lived
Flavorful VLFs decay promptly in SM matter

They enable various portals to vacuum stability
New: electroweak gauge portals

can be pair-produced at colliders


