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The Higgs potential at High energies

mH = 125.18± 0.16GeV
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The accurate measurement of the Higgs boson mass                                              
allows us to extrapolate the Higgs potential’s behaviour to the Planck scale. 


With SM radiative corrections, the quartic coupling     decreases at high energies and 
becomes almost zero. 
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Degrassi et al (2013); Buzatto et al (2014) DJM, McDowall, arXiv:1802.02391 
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Degrassi et al (2013)
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The Higgs mass appears to be just right to allow for metastability of the Higgs vacuum.


Is this a coincidence or a hint of something deeper? 
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The behaviour is due to logarithms like                            in the Coleman-Weinberg 
potential.


This is not to scale!
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The slope of     also appears to (almost!) vanish at the Planck scale                        . 


This is not a fixed point!      

�
<latexit sha1_base64="xEGZVquwnIQPmepYLxvf4n++Mio=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQitMuCG5cV7APaUG4mk3boZBJmJkIJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIBVcG9f9dkpb2zu7e+X9ysHh0fFJ9fSsq5NMUdahiUhUP0DNBJesY7gRrJ8qhnEgWC+Y3i383hNTmify0cxS5sc4ljziFI2VekNhoyGOqjW37i5BNolXkBoUaI+qX8MwoVnMpKECtR54bmr8HJXhVLB5ZZhpliKd4pgNLJUYM+3ny3Xn5MoqIYkSZZ80ZKn+nsgx1noWBzYZo5nodW8h/ucNMhM1/ZzLNDNM0tVHUSaIScjidhJyxagRM0uQKm53JXSCCqmxDVVsCd76yZuke1P33Lr3cFtrNYs6ynABl3ANHjSgBffQhg5QmMIzvMKbkzovzrvzsYqWnGLmHP7A+fwBOcOPcw==</latexit><latexit sha1_base64="xEGZVquwnIQPmepYLxvf4n++Mio=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQitMuCG5cV7APaUG4mk3boZBJmJkIJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIBVcG9f9dkpb2zu7e+X9ysHh0fFJ9fSsq5NMUdahiUhUP0DNBJesY7gRrJ8qhnEgWC+Y3i383hNTmify0cxS5sc4ljziFI2VekNhoyGOqjW37i5BNolXkBoUaI+qX8MwoVnMpKECtR54bmr8HJXhVLB5ZZhpliKd4pgNLJUYM+3ny3Xn5MoqIYkSZZ80ZKn+nsgx1noWBzYZo5nodW8h/ucNMhM1/ZzLNDNM0tVHUSaIScjidhJyxagRM0uQKm53JXSCCqmxDVVsCd76yZuke1P33Lr3cFtrNYs6ynABl3ANHjSgBffQhg5QmMIzvMKbkzovzrvzsYqWnGLmHP7A+fwBOcOPcw==</latexit><latexit sha1_base64="xEGZVquwnIQPmepYLxvf4n++Mio=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQitMuCG5cV7APaUG4mk3boZBJmJkIJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIBVcG9f9dkpb2zu7e+X9ysHh0fFJ9fSsq5NMUdahiUhUP0DNBJesY7gRrJ8qhnEgWC+Y3i383hNTmify0cxS5sc4ljziFI2VekNhoyGOqjW37i5BNolXkBoUaI+qX8MwoVnMpKECtR54bmr8HJXhVLB5ZZhpliKd4pgNLJUYM+3ny3Xn5MoqIYkSZZ80ZKn+nsgx1noWBzYZo5nodW8h/ucNMhM1/ZzLNDNM0tVHUSaIScjidhJyxagRM0uQKm53JXSCCqmxDVVsCd76yZuke1P33Lr3cFtrNYs6ynABl3ANHjSgBffQhg5QmMIzvMKbkzovzrvzsYqWnGLmHP7A+fwBOcOPcw==</latexit><latexit sha1_base64="xEGZVquwnIQPmepYLxvf4n++Mio=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQitMuCG5cV7APaUG4mk3boZBJmJkIJ/Qg3LhRx6/e482+ctllo64GBwznnMveeIBVcG9f9dkpb2zu7e+X9ysHh0fFJ9fSsq5NMUdahiUhUP0DNBJesY7gRrJ8qhnEgWC+Y3i383hNTmify0cxS5sc4ljziFI2VekNhoyGOqjW37i5BNolXkBoUaI+qX8MwoVnMpKECtR54bmr8HJXhVLB5ZZhpliKd4pgNLJUYM+3ny3Xn5MoqIYkSZZ80ZKn+nsgx1noWBzYZo5nodW8h/ucNMhM1/ZzLNDNM0tVHUSaIScjidhJyxagRM0uQKm53JXSCCqmxDVVsCd76yZuke1P33Lr3cFtrNYs6ynABl3ANHjSgBffQhg5QmMIzvMKbkzovzrvzsYqWnGLmHP7A+fwBOcOPcw==</latexit>

��(MPl) ⇡ 0
<latexit sha1_base64="ZhMUQIdojdNMmnlqTy1ZUQoXsS4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5KIYJcFN26ECvYBTQg3k0k7dPJgZiKW0B9w46+4caGIW/fu/BunbRbaemDgcM493LnHTzmTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVHV1O/e0+FZEl8p8YpdSMYxCxkBJSWPPPE8akCz+E6EgCu3Xi5IyLc4pMz7ECaiuQBW55ZterWDHiZ2AWpogItz/xygoRkEY0V4SBl37ZS5eYgFCOcTipOJmkKZAQD2tc0hohKN59dM8GnWglwmAj9YoVn6u9EDpGU48jXkxGooVz0puJ/Xj9TYcPNWZxmisZkvijMOFYJnlaDAyYoUXysCRDB9F8xGYIAonSBFV2CvXjyMumc122rbt9eVJuNoo4yOkLHqIZsdIma6Bq1UBsR9Iie0St6M56MF+Pd+JiPlowic4j+wPj8Ach7mq8=</latexit><latexit sha1_base64="ZhMUQIdojdNMmnlqTy1ZUQoXsS4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5KIYJcFN26ECvYBTQg3k0k7dPJgZiKW0B9w46+4caGIW/fu/BunbRbaemDgcM493LnHTzmTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVHV1O/e0+FZEl8p8YpdSMYxCxkBJSWPPPE8akCz+E6EgCu3Xi5IyLc4pMz7ECaiuQBW55ZterWDHiZ2AWpogItz/xygoRkEY0V4SBl37ZS5eYgFCOcTipOJmkKZAQD2tc0hohKN59dM8GnWglwmAj9YoVn6u9EDpGU48jXkxGooVz0puJ/Xj9TYcPNWZxmisZkvijMOFYJnlaDAyYoUXysCRDB9F8xGYIAonSBFV2CvXjyMumc122rbt9eVJuNoo4yOkLHqIZsdIma6Bq1UBsR9Iie0St6M56MF+Pd+JiPlowic4j+wPj8Ach7mq8=</latexit><latexit sha1_base64="ZhMUQIdojdNMmnlqTy1ZUQoXsS4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5KIYJcFN26ECvYBTQg3k0k7dPJgZiKW0B9w46+4caGIW/fu/BunbRbaemDgcM493LnHTzmTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVHV1O/e0+FZEl8p8YpdSMYxCxkBJSWPPPE8akCz+E6EgCu3Xi5IyLc4pMz7ECaiuQBW55ZterWDHiZ2AWpogItz/xygoRkEY0V4SBl37ZS5eYgFCOcTipOJmkKZAQD2tc0hohKN59dM8GnWglwmAj9YoVn6u9EDpGU48jXkxGooVz0puJ/Xj9TYcPNWZxmisZkvijMOFYJnlaDAyYoUXysCRDB9F8xGYIAonSBFV2CvXjyMumc122rbt9eVJuNoo4yOkLHqIZsdIma6Bq1UBsR9Iie0St6M56MF+Pd+JiPlowic4j+wPj8Ach7mq8=</latexit><latexit sha1_base64="ZhMUQIdojdNMmnlqTy1ZUQoXsS4=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5KIYJcFN26ECvYBTQg3k0k7dPJgZiKW0B9w46+4caGIW/fu/BunbRbaemDgcM493LnHTzmTyrK+jdLK6tr6RnmzsrW9s7tn7h90ZJIJQtsk4Yno+SApZzFtK6Y47aWCQuRz2vVHV1O/e0+FZEl8p8YpdSMYxCxkBJSWPPPE8akCz+E6EgCu3Xi5IyLc4pMz7ECaiuQBW55ZterWDHiZ2AWpogItz/xygoRkEY0V4SBl37ZS5eYgFCOcTipOJmkKZAQD2tc0hohKN59dM8GnWglwmAj9YoVn6u9EDpGU48jXkxGooVz0puJ/Xj9TYcPNWZxmisZkvijMOFYJnlaDAyYoUXysCRDB9F8xGYIAonSBFV2CvXjyMumc122rbt9eVJuNoo4yOkLHqIZsdIma6Bq1UBsR9Iie0St6M56MF+Pd+JiPlowic4j+wPj8Ach7mq8=</latexit>
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The Multiple Point Principle

Way back in 1995, Froggatt and Neilsen predicted the Higgs and top quark masses:

To do this they applied the “Multiple Point Principle” which insists that there is another 
vacuum at the Planck scale degenerate with the Electroweak vacuum.  

The condition for this in the SM is                      .

This result was only at one-loop and doesn’t use the measured top mass (so the top 
mass above is a prediction).

With more loops and recent top mass constraints this principle or asymptotic safety all 
predict a Higgs mass that is a bit too high. 
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��(MPl) = 0
<latexit sha1_base64="wrN01/HwIMooUSciCY+DrTpOimE=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQN2VGBLsRCm7cCBXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodz7uHmnjBlVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFJJjFp44QlshciRRgVpK2pZqSXSoJ4yEg3HF1P/e4DkYom4l6PU+JzNBA0phhpIwX2sRcSjQKPmUiEYO02yD3JYYtNzuAVdAK76tSdGeAycQtSBQVagf3lRQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakL6hAnGi/Hx2xwSeGiWCcSLNExrO1N+JHHGlxjw0kxzpoVr0puJ/Xj/TccPPqUgzTQSeL4ozBnUCp6XAiEqCNRsbgrCk5q8QD5FEWJvqKqYEd/HkZdI5r7tO3b27qDYbRR1lcAROQA244BI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEfLVlF5hD8gfX5A4Iel7o=</latexit><latexit sha1_base64="wrN01/HwIMooUSciCY+DrTpOimE=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQN2VGBLsRCm7cCBXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodz7uHmnjBlVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFJJjFp44QlshciRRgVpK2pZqSXSoJ4yEg3HF1P/e4DkYom4l6PU+JzNBA0phhpIwX2sRcSjQKPmUiEYO02yD3JYYtNzuAVdAK76tSdGeAycQtSBQVagf3lRQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakL6hAnGi/Hx2xwSeGiWCcSLNExrO1N+JHHGlxjw0kxzpoVr0puJ/Xj/TccPPqUgzTQSeL4ozBnUCp6XAiEqCNRsbgrCk5q8QD5FEWJvqKqYEd/HkZdI5r7tO3b27qDYbRR1lcAROQA244BI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEfLVlF5hD8gfX5A4Iel7o=</latexit><latexit sha1_base64="wrN01/HwIMooUSciCY+DrTpOimE=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQN2VGBLsRCm7cCBXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodz7uHmnjBlVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFJJjFp44QlshciRRgVpK2pZqSXSoJ4yEg3HF1P/e4DkYom4l6PU+JzNBA0phhpIwX2sRcSjQKPmUiEYO02yD3JYYtNzuAVdAK76tSdGeAycQtSBQVagf3lRQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakL6hAnGi/Hx2xwSeGiWCcSLNExrO1N+JHHGlxjw0kxzpoVr0puJ/Xj/TccPPqUgzTQSeL4ozBnUCp6XAiEqCNRsbgrCk5q8QD5FEWJvqKqYEd/HkZdI5r7tO3b27qDYbRR1lcAROQA244BI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEfLVlF5hD8gfX5A4Iel7o=</latexit><latexit sha1_base64="wrN01/HwIMooUSciCY+DrTpOimE=">AAACB3icbVDLSgMxFM3UV62vUZeCBItQN2VGBLsRCm7cCBXsAzrDkMlk2tAkMyQZoQzdufFX3LhQxK2/4M6/MW1noa0HAodz7uHmnjBlVGnH+bZKK6tr6xvlzcrW9s7unr1/0FFJJjFp44QlshciRRgVpK2pZqSXSoJ4yEg3HF1P/e4DkYom4l6PU+JzNBA0phhpIwX2sRcSjQKPmUiEYO02yD3JYYtNzuAVdAK76tSdGeAycQtSBQVagf3lRQnOOBEaM6RU33VS7edIaooZmVS8TJEU4REakL6hAnGi/Hx2xwSeGiWCcSLNExrO1N+JHHGlxjw0kxzpoVr0puJ/Xj/TccPPqUgzTQSeL4ozBnUCp6XAiEqCNRsbgrCk5q8QD5FEWJvqKqYEd/HkZdI5r7tO3b27qDYbRR1lcAROQA244BI0wQ1ogTbA4BE8g1fwZj1ZL9a79TEfLVlF5hD8gfX5A4Iel7o=</latexit>

�(MPl) = 0
<latexit sha1_base64="vI5mtTW3kAOZIM+jgU7qK0iq+3A=">AAACD3icbVDNS8MwHE3n15xfVY9egkOZl9GK4C7CwIsXYYL7gLWUNE23sDQtSSqM0v/Ai/+KFw+KePXqzf/GrOtBNx8EHu/9XvLL8xNGpbKsb6Oysrq2vlHdrG1t7+zumfsHPRmnApMujlksBj6ShFFOuooqRgaJICjyGen7k+uZ338gQtKY36tpQtwIjTgNKUZKS555mjnFJZkgQQ4dppMBgo1bL3NEBDssP4NX0Mo9s241rQJwmdglqYMSHc/8coIYpxHhCjMk5dC2EuVmSCiKGclrTipJgvAEjchQU44iIt2sWCWHJ1oJYBgLfbiChfo7kaFIymnk68kIqbFc9Gbif94wVWHLzShPUkU4nj8UpgyqGM7KgQEVBCs21QRhQfWuEI+RQFjpCmu6BHvxy8ukd960raZ9d1Fvt8o6quAIHIMGsMElaIMb0AFdgMEjeAav4M14Ml6Md+NjPloxyswh+APj8wdP25t5</latexit><latexit sha1_base64="vI5mtTW3kAOZIM+jgU7qK0iq+3A=">AAACD3icbVDNS8MwHE3n15xfVY9egkOZl9GK4C7CwIsXYYL7gLWUNE23sDQtSSqM0v/Ai/+KFw+KePXqzf/GrOtBNx8EHu/9XvLL8xNGpbKsb6Oysrq2vlHdrG1t7+zumfsHPRmnApMujlksBj6ShFFOuooqRgaJICjyGen7k+uZ338gQtKY36tpQtwIjTgNKUZKS555mjnFJZkgQQ4dppMBgo1bL3NEBDssP4NX0Mo9s241rQJwmdglqYMSHc/8coIYpxHhCjMk5dC2EuVmSCiKGclrTipJgvAEjchQU44iIt2sWCWHJ1oJYBgLfbiChfo7kaFIymnk68kIqbFc9Gbif94wVWHLzShPUkU4nj8UpgyqGM7KgQEVBCs21QRhQfWuEI+RQFjpCmu6BHvxy8ukd960raZ9d1Fvt8o6quAIHIMGsMElaIMb0AFdgMEjeAav4M14Ml6Md+NjPloxyswh+APj8wdP25t5</latexit><latexit sha1_base64="vI5mtTW3kAOZIM+jgU7qK0iq+3A=">AAACD3icbVDNS8MwHE3n15xfVY9egkOZl9GK4C7CwIsXYYL7gLWUNE23sDQtSSqM0v/Ai/+KFw+KePXqzf/GrOtBNx8EHu/9XvLL8xNGpbKsb6Oysrq2vlHdrG1t7+zumfsHPRmnApMujlksBj6ShFFOuooqRgaJICjyGen7k+uZ338gQtKY36tpQtwIjTgNKUZKS555mjnFJZkgQQ4dppMBgo1bL3NEBDssP4NX0Mo9s241rQJwmdglqYMSHc/8coIYpxHhCjMk5dC2EuVmSCiKGclrTipJgvAEjchQU44iIt2sWCWHJ1oJYBgLfbiChfo7kaFIymnk68kIqbFc9Gbif94wVWHLzShPUkU4nj8UpgyqGM7KgQEVBCs21QRhQfWuEI+RQFjpCmu6BHvxy8ukd960raZ9d1Fvt8o6quAIHIMGsMElaIMb0AFdgMEjeAav4M14Ml6Md+NjPloxyswh+APj8wdP25t5</latexit><latexit sha1_base64="vI5mtTW3kAOZIM+jgU7qK0iq+3A=">AAACD3icbVDNS8MwHE3n15xfVY9egkOZl9GK4C7CwIsXYYL7gLWUNE23sDQtSSqM0v/Ai/+KFw+KePXqzf/GrOtBNx8EHu/9XvLL8xNGpbKsb6Oysrq2vlHdrG1t7+zumfsHPRmnApMujlksBj6ShFFOuooqRgaJICjyGen7k+uZ338gQtKY36tpQtwIjTgNKUZKS555mjnFJZkgQQ4dppMBgo1bL3NEBDssP4NX0Mo9s241rQJwmdglqYMSHc/8coIYpxHhCjMk5dC2EuVmSCiKGclrTipJgvAEjchQU44iIt2sWCWHJ1oJYBgLfbiChfo7kaFIymnk68kIqbFc9Gbif94wVWHLzShPUkU4nj8UpgyqGM7KgQEVBCs21QRhQfWuEI+RQFjpCmu6BHvxy8ukd960raZ9d1Fvt8o6quAIHIMGsMElaIMb0AFdgMEjeAav4M14Ml6Md+NjPloxyswh+APj8wdP25t5</latexit>

Experiment

The multiple point principle does not work in the SM but comes surprisingly close.
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This is of course also rather sensitive to where the boundary conditions are enforced. 

Setting                        at                            does rather well at predicting the Higgs mass. 5⇥ 1017 GeV
<latexit sha1_base64="BAhUkeXLz6XcGG/vmMj9V+f7rNI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmI0i4LLnRZwT6gM5ZMmmlDk8yQZIQydOXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r0nTDjTxvO+naXlldW19cJGcXNre2fX3dtv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryZ+64EqzWJ5Z0YJDQTuSxYxgo2Vuu7RJfQNE1RD5N1nqDKG/hnMfCXgNW2Ou27JK3tTwEWCclICOepd98vvxSQVVBrCsdYd5CUmyLAyjHA6LvqppgkmQ9ynHUsltpuDbPrGGJ5YpQejWNmSBk7V3xMZFlqPRGg7BTYDPe9NxP+8TmqiapAxmaSGSjJbFKUcmhhOMoE9pigxfGQJJorZWyEZYIWJsckVbQho/uVF0jwvI6+Mbi9KtWoeRwEcgmNwChCogBq4AXXQAAQ8gmfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBHCiW8g==</latexit><latexit sha1_base64="BAhUkeXLz6XcGG/vmMj9V+f7rNI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmI0i4LLnRZwT6gM5ZMmmlDk8yQZIQydOXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r0nTDjTxvO+naXlldW19cJGcXNre2fX3dtv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryZ+64EqzWJ5Z0YJDQTuSxYxgo2Vuu7RJfQNE1RD5N1nqDKG/hnMfCXgNW2Ou27JK3tTwEWCclICOepd98vvxSQVVBrCsdYd5CUmyLAyjHA6LvqppgkmQ9ynHUsltpuDbPrGGJ5YpQejWNmSBk7V3xMZFlqPRGg7BTYDPe9NxP+8TmqiapAxmaSGSjJbFKUcmhhOMoE9pigxfGQJJorZWyEZYIWJsckVbQho/uVF0jwvI6+Mbi9KtWoeRwEcgmNwChCogBq4AXXQAAQ8gmfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBHCiW8g==</latexit><latexit sha1_base64="BAhUkeXLz6XcGG/vmMj9V+f7rNI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmI0i4LLnRZwT6gM5ZMmmlDk8yQZIQydOXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r0nTDjTxvO+naXlldW19cJGcXNre2fX3dtv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryZ+64EqzWJ5Z0YJDQTuSxYxgo2Vuu7RJfQNE1RD5N1nqDKG/hnMfCXgNW2Ou27JK3tTwEWCclICOepd98vvxSQVVBrCsdYd5CUmyLAyjHA6LvqppgkmQ9ynHUsltpuDbPrGGJ5YpQejWNmSBk7V3xMZFlqPRGg7BTYDPe9NxP+8TmqiapAxmaSGSjJbFKUcmhhOMoE9pigxfGQJJorZWyEZYIWJsckVbQho/uVF0jwvI6+Mbi9KtWoeRwEcgmNwChCogBq4AXXQAAQ8gmfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBHCiW8g==</latexit><latexit sha1_base64="BAhUkeXLz6XcGG/vmMj9V+f7rNI=">AAACBnicbVDLSgMxFM34rPU16lKEYBFcSJmI0i4LLnRZwT6gM5ZMmmlDk8yQZIQydOXGX3HjQhG3foM7/8a0nYW2HrhwOOde7r0nTDjTxvO+naXlldW19cJGcXNre2fX3dtv6jhVhDZIzGPVDrGmnEnaMMxw2k4UxSLktBUOryZ+64EqzWJ5Z0YJDQTuSxYxgo2Vuu7RJfQNE1RD5N1nqDKG/hnMfCXgNW2Ou27JK3tTwEWCclICOepd98vvxSQVVBrCsdYd5CUmyLAyjHA6LvqppgkmQ9ynHUsltpuDbPrGGJ5YpQejWNmSBk7V3xMZFlqPRGg7BTYDPe9NxP+8TmqiapAxmaSGSjJbFKUcmhhOMoE9pigxfGQJJorZWyEZYIWJsckVbQho/uVF0jwvI6+Mbi9KtWoeRwEcgmNwChCogBq4AXXQAAQ8gmfwCt6cJ+fFeXc+Zq1LTj5zAP7A+fwBHCiW8g==</latexit>
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Asymptotic Safety

In 2010, Wetterich and Shaposhnikov predicted a Higgs boson                                    
with “a few GeV uncertainty”.

They did this by imposing “asymptotic safety”                              and saw that this also 
gave               (as we have already seen).

                       is not a fixed point. Gauge interactions will move one away 
from                        at higher scales. Wetterich and Shaposhnikov argued that quantum 
gravity could tame the gauge couplings, reducing their beta functions to zero, so 
that               remains stable. 

However, unfortunately the corrections to the beta functions that they used appear to be 
gauge dependent and are in dispute. 

See also Giudice, Isidori, Salvio, Strumia (2014) for models with Total Asymptotic 
Freedom using “softened gravity”.
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An additional complex scalar

U(1) breaking terms
Choose to study two scenarios:

• “Broken phase” where both real and imaginary parts of     get Vevs.

                      The EWSB conditions replace     and     so the remaining parameters are

• “Dark Matter phase” where only the real part of     gets a Vev.

                      Now only one parameter is replaced and we are left with

b1
<latexit sha1_base64="UGcoVzb6E0CeqLibfoZSISnolc8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0EAy9YbXm1t0cZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9LD91Ti6sMiJhrGxJQ3L190RGI61nUWA7I2ometVbiP95/dSEDT/jMkkNSrZcFKaCmJgs/iYjrpAZMbOEMsXtrYRNqKLM2HQqNgRv9eV10rmqe27du7+uNRtFHGU4g3O4BA9uoAl30II2MBjDM7zCmyOcF+fd+Vi2lpxi5hT+wPn8AecbjYA=</latexit><latexit sha1_base64="UGcoVzb6E0CeqLibfoZSISnolc8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0EAy9YbXm1t0cZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9LD91Ti6sMiJhrGxJQ3L190RGI61nUWA7I2ometVbiP95/dSEDT/jMkkNSrZcFKaCmJgs/iYjrpAZMbOEMsXtrYRNqKLM2HQqNgRv9eV10rmqe27du7+uNRtFHGU4g3O4BA9uoAl30II2MBjDM7zCmyOcF+fd+Vi2lpxi5hT+wPn8AecbjYA=</latexit><latexit sha1_base64="UGcoVzb6E0CeqLibfoZSISnolc8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0EAy9YbXm1t0cZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9LD91Ti6sMiJhrGxJQ3L190RGI61nUWA7I2ometVbiP95/dSEDT/jMkkNSrZcFKaCmJgs/iYjrpAZMbOEMsXtrYRNqKLM2HQqNgRv9eV10rmqe27du7+uNRtFHGU4g3O4BA9uoAl30II2MBjDM7zCmyOcF+fd+Vi2lpxi5hT+wPn8AecbjYA=</latexit><latexit sha1_base64="UGcoVzb6E0CeqLibfoZSISnolc8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jNs1BWx8MPN6bYWZekAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0duF3n1BpHstHM0vQj+hY8pAzaqz0EAy9YbXm1t0cZJ14BalBgdaw+jUYxSyNUBomqNZ9z02Mn1FlOBM4rwxSjQllUzrGvqWSRqj9LD91Ti6sMiJhrGxJQ3L190RGI61nUWA7I2ometVbiP95/dSEDT/jMkkNSrZcFKaCmJgs/iYjrpAZMbOEMsXtrYRNqKLM2HQqNgRv9eV10rmqe27du7+uNRtFHGU4g3O4BA9uoAl30II2MBjDM7zCmyOcF+fd+Vi2lpxi5hT+wPn8AecbjYA=</latexit>

b2
<latexit sha1_base64="PHhkfYsxpl3yygN+VqfrJJ7ySm0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK0B4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT24XffUKleSwfzSxBP6JjyUPOqLHSQzCsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81YcPPuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lWYjj6MIF3AJ1+BBHZpwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD5zPH+ifjYE=</latexit><latexit sha1_base64="PHhkfYsxpl3yygN+VqfrJJ7ySm0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK0B4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT24XffUKleSwfzSxBP6JjyUPOqLHSQzCsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81YcPPuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lWYjj6MIF3AJ1+BBHZpwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD5zPH+ifjYE=</latexit><latexit sha1_base64="PHhkfYsxpl3yygN+VqfrJJ7ySm0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK0B4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT24XffUKleSwfzSxBP6JjyUPOqLHSQzCsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81YcPPuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lWYjj6MIF3AJ1+BBHZpwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD5zPH+ifjYE=</latexit><latexit sha1_base64="PHhkfYsxpl3yygN+VqfrJJ7ySm0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mK0B4LXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT24XffUKleSwfzSxBP6JjyUPOqLHSQzCsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81YcPPuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lWYjj6MIF3AJ1+BBHZpwBy1oA4MxPMMrvDnCeXHenY9Va8HJZ87hD5zPH+ifjYE=</latexit>

b� = (b2 � b1)/2
<latexit sha1_base64="8hcH+dm6vpO6kNnIFfJQTiPQod0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Woh9akCPYiFLx4rGA/oA1hs920SzebsLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3NrO7eR39/YPDu3CUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm5rcfqFQsFvd6nFAvwgPBQkawNpJvFwK/jK5RKfCr5cB3zy+qvl10Ks4caJW4GSlChoZvf/X6MUkjKjThWKmu6yTam2CpGeF0mu+liiaYjPCAdg0VOKLKm8xPn6Izo/RRGEtTQqO5+ntigiOlxlFgOiOsh2rZm4n/ed1UhzVvwkSSairIYlGYcqRjNMsB9ZmkRPOxIZhIZm5FZIglJtqklTchuMsvr5JWteI6FffuslivZXHk4AROoQQuXEEdbqEBTSDwCM/wCm/Wk/VivVsfi9Y1K5s5hj+wPn8AbyCReg==</latexit><latexit sha1_base64="8hcH+dm6vpO6kNnIFfJQTiPQod0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Woh9akCPYiFLx4rGA/oA1hs920SzebsLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3NrO7eR39/YPDu3CUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm5rcfqFQsFvd6nFAvwgPBQkawNpJvFwK/jK5RKfCr5cB3zy+qvl10Ks4caJW4GSlChoZvf/X6MUkjKjThWKmu6yTam2CpGeF0mu+liiaYjPCAdg0VOKLKm8xPn6Izo/RRGEtTQqO5+ntigiOlxlFgOiOsh2rZm4n/ed1UhzVvwkSSairIYlGYcqRjNMsB9ZmkRPOxIZhIZm5FZIglJtqklTchuMsvr5JWteI6FffuslivZXHk4AROoQQuXEEdbqEBTSDwCM/wCm/Wk/VivVsfi9Y1K5s5hj+wPn8AbyCReg==</latexit><latexit sha1_base64="8hcH+dm6vpO6kNnIFfJQTiPQod0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Woh9akCPYiFLx4rGA/oA1hs920SzebsLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3NrO7eR39/YPDu3CUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm5rcfqFQsFvd6nFAvwgPBQkawNpJvFwK/jK5RKfCr5cB3zy+qvl10Ks4caJW4GSlChoZvf/X6MUkjKjThWKmu6yTam2CpGeF0mu+liiaYjPCAdg0VOKLKm8xPn6Izo/RRGEtTQqO5+ntigiOlxlFgOiOsh2rZm4n/ed1UhzVvwkSSairIYlGYcqRjNMsB9ZmkRPOxIZhIZm5FZIglJtqklTchuMsvr5JWteI6FffuslivZXHk4AROoQQuXEEdbqEBTSDwCM/wCm/Wk/VivVsfi9Y1K5s5hj+wPn8AbyCReg==</latexit><latexit sha1_base64="8hcH+dm6vpO6kNnIFfJQTiPQod0=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0Woh9akCPYiFLx4rGA/oA1hs920SzebsLtRSu1P8eJBEa/+Em/+G7dtDtr6YODx3gwz84KEM6Ud59taW9/Y3NrO7eR39/YPDu3CUUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bwehm5rcfqFQsFvd6nFAvwgPBQkawNpJvFwK/jK5RKfCr5cB3zy+qvl10Ks4caJW4GSlChoZvf/X6MUkjKjThWKmu6yTam2CpGeF0mu+liiaYjPCAdg0VOKLKm8xPn6Izo/RRGEtTQqO5+ntigiOlxlFgOiOsh2rZm4n/ed1UhzVvwkSSairIYlGYcqRjNMsB9ZmkRPOxIZhIZm5FZIglJtqklTchuMsvr5JWteI6FffuslivZXHk4AROoQQuXEEdbqEBTSDwCM/wCm/Wk/VivVsfi9Y1K5s5hj+wPn8AbyCReg==</latexit>
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We use SARAH 4.9.3 [Staub 2014] for the beta functions at two loops, and 
FlexibleSUSY 1.6.1 [Athron et al 2015] to generate the spectrum.


To ensure stability of the potential during running we insist that


                         


                                   ,   and keep perturbativity via                             . 


We also check that we have a global minimum using Vevacious [Camargo-Molina at al 
2013] 


We apply experimental constraints using HiggsBounds 4.3.1 [Bechtle at al 2014] and 
HiggsSignals 1.4.0 [Bechtle et al 2014] and use sHDecay [Costa et al 2016] to calculate 
branching ratios and widths. 


[Note that the version of HiggsBounds we used doesn’t include                   .]


In the DM case, we also apply a constraint on the DM Relic density from Planck (2016) 
and also DM direct detection from LUX (2017), both calculated using micrOMEGAS 
[Bélanger 2015].

hi ! hjhj
<latexit sha1_base64="EjKgQXhIJqA3ro6wxxyynuwP/bA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigj0WvHisYD+gDWGz3TRrN5uwuxFq6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p5JMEtolCU/kIMCKciZoVzPN6SCVFMcBp/1gelP4/UcqFUvEvZ6l1IvxRLCQEayN5Nv1yGdopBMU+Q9F+XbDaToLoHXilqQBJTq+/TUaJySLqdCEY6WGrpNqL8dSM8LpvDbKFE0xmeIJHRoqcEyVly8On6Nzo4xRmEhTQqOF+nsix7FSszgwnTHWkVr1CvE/b5jpsOXlTKSZpoIsF4UZR+bRIgU0ZpISzWeGYCKZuRWRCEtMtMmqZkJwV19eJ73Lpus03burRrtVxlGFUziDC3DhGtpwCx3oAoEMnuEV3qwn68V6tz6WrRWrnDmBP7A+fwCtaZJo</latexit><latexit sha1_base64="EjKgQXhIJqA3ro6wxxyynuwP/bA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigj0WvHisYD+gDWGz3TRrN5uwuxFq6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p5JMEtolCU/kIMCKciZoVzPN6SCVFMcBp/1gelP4/UcqFUvEvZ6l1IvxRLCQEayN5Nv1yGdopBMU+Q9F+XbDaToLoHXilqQBJTq+/TUaJySLqdCEY6WGrpNqL8dSM8LpvDbKFE0xmeIJHRoqcEyVly8On6Nzo4xRmEhTQqOF+nsix7FSszgwnTHWkVr1CvE/b5jpsOXlTKSZpoIsF4UZR+bRIgU0ZpISzWeGYCKZuRWRCEtMtMmqZkJwV19eJ73Lpus03burRrtVxlGFUziDC3DhGtpwCx3oAoEMnuEV3qwn68V6tz6WrRWrnDmBP7A+fwCtaZJo</latexit><latexit sha1_base64="EjKgQXhIJqA3ro6wxxyynuwP/bA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigj0WvHisYD+gDWGz3TRrN5uwuxFq6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p5JMEtolCU/kIMCKciZoVzPN6SCVFMcBp/1gelP4/UcqFUvEvZ6l1IvxRLCQEayN5Nv1yGdopBMU+Q9F+XbDaToLoHXilqQBJTq+/TUaJySLqdCEY6WGrpNqL8dSM8LpvDbKFE0xmeIJHRoqcEyVly8On6Nzo4xRmEhTQqOF+nsix7FSszgwnTHWkVr1CvE/b5jpsOXlTKSZpoIsF4UZR+bRIgU0ZpISzWeGYCKZuRWRCEtMtMmqZkJwV19eJ73Lpus03burRrtVxlGFUziDC3DhGtpwCx3oAoEMnuEV3qwn68V6tz6WrRWrnDmBP7A+fwCtaZJo</latexit><latexit sha1_base64="EjKgQXhIJqA3ro6wxxyynuwP/bA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoigj0WvHisYD+gDWGz3TRrN5uwuxFq6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgpQzpR3n26psbG5t71R3a3v7B4d1++i4p5JMEtolCU/kIMCKciZoVzPN6SCVFMcBp/1gelP4/UcqFUvEvZ6l1IvxRLCQEayN5Nv1yGdopBMU+Q9F+XbDaToLoHXilqQBJTq+/TUaJySLqdCEY6WGrpNqL8dSM8LpvDbKFE0xmeIJHRoqcEyVly8On6Nzo4xRmEhTQqOF+nsix7FSszgwnTHWkVr1CvE/b5jpsOXlTKSZpoIsF4UZR+bRIgU0ZpISzWeGYCKZuRWRCEtMtMmqZkJwV19eJ73Lpus03burRrtVxlGFUziDC3DhGtpwCx3oAoEMnuEV3qwn68V6tz6WrRWrnDmBP7A+fwCtaZJo</latexit>

Theoretical and Experimental Constraints
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It is relatively straightforward to keep                      at the Planck scale while 
simultaneously getting the correct Higgs and top mass. 


But this is not the Multiple Point Principle since the new quartics are not zero. 


If we set            then our new scalar decouples and we return to the SM.


With           and            ,       runs negative right away and destabilises the vacuum.  

These are      and       
contours.  


All three Higgs bosons 
mix.    

3σ1σ

� = 0
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δ ≠ 0 d2 = 0 d2

Broken Phase



What about Asymptotic Safety instead?


Setting                         at the Planck scale, no points survive.


However, they can get very small. In the plots below blue points have.                        
while red points have                                              and


All three neutral scalars mix            and           are the extra mass eigenstates.  

�� = �d2 = 0
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βd2
< 0.01

Without experimental constraints With experimental constraints

hHeavy hLight
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Now only two neutral scalars mix to give          and         , leaving         as the Dark 
Matter candidate.


As for the broken phase, we can find scenarios with very small   -functions. Blue points 
have                         while red points have                                              and

Dark Matter Phase

hSM hNew hDM

Without experimental constraints With experimental constraints

βd2
< 0.01



A two Higgs doublet model

Since we are interested in scenarios where the quartic couplings become zero at the 
Planck scale, we will right away set                    , and these are not regenerated by RGE 
running. 


Here we will show only results for a Type-II 2HDM, but this choice is not very 
significant, since only the top coupling to the Higgs doublets is important.

λ6 = λ7 = 0

As before, we use (newer versions of) 
SARAH 4.12.2 and FlexibleSUSY 2.0.1, 
and require vacuum stability and 
perturbativity, as well as checking the 
vacuum using Vevacious.
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We use 2HDMC 1.7.0 [Eriksson et al 2010] to calculate the branching ratios, and apply 
experimental constraints using HiggsBounds 4.3.1 and HiggsSignals 1.4.0.


We also use 2HDMC to test precision observables S, T and U, as well as SuperIso 
[Mahmoudi, 2008] to test lots of flavour observables that could be affected by the 
charged Higgs.


A naive implementation of the Multiple Point Principle for the 2HDM would be to set

                          but this automatically fails due to vacuum stability [Froggatt et al, 2006]


However there is a second solution for a degenerate vacuum:


λi = 0, i = 1…5

�5 = 0

�4 < 0

�̃ =
p

�1�2 + �3 +min{0,�4} = 0

��̃ = 0
<latexit sha1_base64="hJp2FyFtzpuf8D5sriL+gpC+7yk="></latexit><latexit sha1_base64="hJp2FyFtzpuf8D5sriL+gpC+7yk="></latexit><latexit sha1_base64="hJp2FyFtzpuf8D5sriL+gpC+7yk="></latexit><latexit sha1_base64="hJp2FyFtzpuf8D5sriL+gpC+7yk="></latexit>
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Unfortunately, we were completely unable to find scenarios with vacuum stability and 
the correct SM Higgs mass.


For stability, all of these should remain 
above zero. For most parameter 
choices     is instantly driven negative!
λ̃

This is only avoided if the top Yukawa 
is very large, positively contributing to 
the running, but this then requires a 
very heavy top.


yt
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We do much better with asymptotic safety as long as we allow very small   -functions.


Blue points only have            , but red points have                      ,                       ,

and  


βλi
< 1 βλ1

< 0.0127 βλ2
< 0.0064 βλ3

< 0.0139
βλ4

< 0.003

β
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The inert doublet model

We also considered a model with an inert doublet. This extra doublet only couples to 
the SM via the Higgs quartic interactions, and doesn’t get a Vev.


The lightest inert scalar is stable so a Dark Matter candidate. Therefore we need to 
apply Dark Matter constraints on the DM Relic Density and Direct Detection. 


We also need some constraints on the additional scalar masses to prevent violating 
LEP limits,


i.e.                            ,                        and 
MH + MA > MZ MH± > MW MH± > min{MH, MA}
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The Multiple Point Principle for the inert doublet model falls foul of exactly the same 
issue we had for the 2HDM. We can’t keep the vacuum stable due to    running 
negative.


Here is a fairly typical example of the running:


λ̃
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For asymptotic safety, the inert doublet model again parallels the 2HDM, allowing really 
very small values of the quartic couplings’    -functions while giving the correct Higgs 
mass and satisfying all experimental constraints.
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Conclusions

The Standard Model Higgs Boson mass measurement implies the Higgs quartic 
coupling  and its   -function are very close to zero at the Planck Scale.


It has been suggested that this could be due to the Multiple Point Principle which 
postulates a second degenerate vacuum at the Planck scale, or alternatively, the 
requirement for asymptotic safety where all the quartic    -functions must vanish.


Neither of these work in the SM with the measured Higgs mass (though they come 
quite close), so we have asked if they can be made to work in models with extended 
Higgs sectors.


We examined a model with an extra singlet (in the broken phase and the Dark Matter 
phases); as well as a type-II 2HDM and an inert doublet model.


We applied theoretical constraints such as vacuum stability, as well as experimental 
constraints including the LHC and Dark Matter experiments.


We could find no scenarios where the Multiple Point Principle gave the correct Higgs 
mass, but were able to find scenarios in all cases that satisfied asymptotic safety as 
long as we were willing to admit very small    -functions.

β

β

β
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