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Higgs naturalness solved by symmetry?

• New states near the weak scale that contribute to Higgs mass…

Ennio Salvioni

+SM

new  
physics
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… should modify Higgs couplings too: for instance (colorful)  
new physics
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• Higgs coupling measurements as probe of naturalness

<latexit sha1_base64="gSeeetc46waPVlaDAJ3DoldLm0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHzGGM6g==</latexit>g <latexit sha1_base64="gSeeetc46waPVlaDAJ3DoldLm0E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasKan3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1W9m+p187pSr+VxFOEMzuESPLiFOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHzGGM6g==</latexit>g

<latexit sha1_base64="Nln6tWoe9bNFc9Xnz/3ZBmhWIfQ=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXQ0Y72gEXBTcuXFSwD2iHkslk2tBMZkgyQhn6EW5cKOLW73Hn35hpK6jogcDhnHPJvSdIOVMaoQ9raXlldW29tFHe3Nre2a3s7bdVkklCWyThiewGWFHOBG1ppjntppLiOOC0E4yvCr9zT6ViibjTk5T6MR4KFjGCtZE6/RsTDfGgUkU2cj3XQRDZLnK8s4J4Xr3mutCx0QxVsEBzUHnvhwnJYio04VipnoNS7edYakY4nZb7maIpJmM8pD1DBY6p8vPZulN4bJQQRok0T2g4U79P5DhWahIHJhljPVK/vUL8y+tlOqr7ORNppqkg84+ijEOdwOJ2GDJJieYTQzCRzOwKyQhLTLRpqGxK+LoU/k/ap7Zzbtdua9XG5aKOEjgER+AEOOACNMA1aIIWIGAMHsATeLZS69F6sV7n0SVrMXMAfsB6+wR9Eo+u</latexit>

⇤

1



Higgs couplings as probe of naturalness

• Connection is robust, but with important quantitative variations

Ennio Salvioni
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⇤ new physics mass scale
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correction to  
on-shell couplings

For fixed BSM mass, effects are enhanced at strong coupling 
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Higgs couplings as probe of naturalness

• Connection is robust, but with important quantitative variations
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Weakly coupled solutions (supersymmetry)
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very small
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Higgs couplings as probe of naturalness

• Connection is robust, but with important quantitative variations
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⇤ new physics mass scale
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correction to  
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Strongly coupled solutions (Higgs as composite pseudo-Goldstone boson)

Higgs “decay constant” 
(think of   in chiral Lagrangian)fπ
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<latexit sha1_base64="yGF4qK0cR8c5KW4vQ9jNR3xPLuE=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBDcWJJS1I0QEcRlBZsW2hgm00k7dDIJM5NCCd3pwl9x40IRt/6CO//G6WOhrQfu5XDOvczcE6aMSmXb38bC4tLyymphrbi+sbm1be7sejLJBCY1nLBENEIkCaOc1BRVjDRSQVAcMlIPe1cjv94nQtKE36lBSvwYdTiNKEZKS4F5gIO863lDeAEdeAJbkUA479+Xh3k50j0wLbtkjwHniTMllmul1qN7fVkNzK9WO8FZTLjCDEnZdOxU+TkSimJGhsVWJkmKcA91SFNTjmIi/Xx8xxAeaaUNo0To4gqO1d8bOYqlHMShnoyR6spZbyT+5zUzFZ37OeVppgjHk4eijEGVwFEosE0FwYoNNEFYUP1XiLtIR6F0dEUdgjN78jzxyiXntFS5dSy3AiYogH1wCI6BA86AC25AFdQABg/gGbyCN+PJeDHejY/J6IIx3dkDf2B8/gCXDZoQ</latexit>

chV V = 1� v2

2f2

4



Higgs as composite Goldstone boson

<latexit sha1_base64="rHxZz9HtFSYCTvtUIr50YjCEOb8=">AAAB+3icbVDLSgNBEOz1GeMrxqOXwSAIQtgNQT0GvOQYwTwgu4TZSScZMvtgZlYMS37FiwdFvPoj3vwbZ5M9aGJBQ1HVTXeXHwuutG1/WxubW9s7u4W94v7B4dFx6aTcUVEiGbZZJCLZ86lCwUNsa64F9mKJNPAFdv3pXeZ3H1EqHoUPehajF9BxyEecUW2kQancJK6OSJNcERdjxUUmVuyqvQBZJ05OKpCjNSh9ucOIJQGGmgmqVN+xY+2lVGrOBM6LbqIwpmxKx9g3NKQBKi9d3D4nF0YZklEkTYWaLNTfEykNlJoFvukMqJ6oVS8T//P6iR7deikP40RjyJaLRokg5tssCDLkEpkWM0Mok9zcStiESsq0iatoQnBWX14nnVrVua7W7+uVRi2PowBncA6X4MANNKAJLWgDgyd4hld4s+bWi/VufSxbN6x85hT+wPr8ARaTkyg=</latexit>

H ! H + ✏
<latexit sha1_base64="vJElM9yuC21mABLp/zxtyykxaAw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2W3FPUiFLz0WMF+QLuUbJptQ7PZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz8/xYcG0c5xvlNja3tnfyu4W9/YPDo+LxSVtHiaKsRSMRqa5PNBNcspbhRrBurBgJfcE6/uRu7neemNI8kg9mGjMvJCPJA06JsVK3XW5c4lvsDIolp+IsgNeJm5ESZGgOil/9YUSTkElDBdG65zqx8VKiDKeCzQr9RLOY0AkZsZ6lkoRMe+ni3hm+sMoQB5GyJQ1eqL8nUhJqPQ192xkSM9ar3lz8z+slJrjxUi7jxDBJl4uCRGAT4fnzeMgVo0ZMLSFUcXsrpmOiCDU2ooINwV19eZ20qxX3qlK7r5Xq1SyOPJzBOZTBhWuoQwOa0AIKAp7hFd7QI3pB7+hj2ZpD2cwp/AH6/AGnyo5f</latexit>

V (H) = 0

strongly-interacting  
sector

<latexit sha1_base64="NuiLTdkSw2UNRV4lJLSI+86Otfg=">AAAB+HicbVDLSsNAFL2pr1ofrbp0M1gEVyUpRV0W3LhwUcE+oAlhMpm0QyeTMDMRauiXuHGhiFs/xZ1/47TNQlsPDBzOuYd75wQpZ0rb9rdV2tjc2t4p71b29g8Oq7Wj455KMklolyQ8kYMAK8qZoF3NNKeDVFIcB5z2g8nN3O8/UqlYIh70NKVejEeCRYxgbSS/Vo39MXI5R+6dCYXYr9Xthr0AWidOQepQoOPXvtwwIVlMhSYcKzV07FR7OZaaEU5nFTdTNMVkgkd0aKjAMVVevjh8hs6NEqIokeYJjRbq70SOY6WmcWAmY6zHatWbi/95w0xH117ORJppKshyUZRxpBM0bwGFTFKi+dQQTCQztyIyxhITbbqqmBKc1S+vk16z4Vw2WvetertZ1FGGUziDC3DgCtpwCx3oAoEMnuEV3qwn68V6tz6WoyWryJzAH1ifP8zIkn8=</latexit>

mh ⌧ ⇤ is natural

Tree level: Goldstone shift symmetry

<latexit sha1_base64="eQplM9JBw5P92glfyYS/7vuLDr0=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEirqz4KbLFuwF2lAm05N27GQSZiZCCX0CNy4UqUvfwtdw59s4abvQ6g8DH/9/DnPO8WPOlHacLyu3tr6xuZXfLuzs7u0fFA+PWipKJMUmjXgkOz5RyJnApmaaYyeWSEKfY9sf32Z5+wGlYpG405MYvZAMBQsYJdpYjVq/WHLKzlz2X3CXULr5mGV6q/eLn71BRJMQhaacKNV1nVh7KZGaUY7TQi9RGBM6JkPsGhQkROWl80Gn9plxBnYQSfOEtufuz46UhEpNQt9UhkSP1GqWmf9l3UQH117KRJxoFHTxUZBwW0d2trU9YBKp5hMDhEpmZrXpiEhCtblNwRzBXV35L7Quyu5ludJwS9UKLJSHEziFc3DhCqpQgzo0gQLCIzzDi3VvPVmv1mxRmrOWPcfwS9b7N70ckVM=</latexit>

H

Ennio Salvioni

[Kaplan, Georgi 1984] 
[Kaplan 1992] 
[Agashe, Contino, Pomarol 2004]
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strongly-interacting  
sector

One loop: potential is generated by SM fields

<latexit sha1_base64="eQplM9JBw5P92glfyYS/7vuLDr0=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEirqz4KbLFuwF2lAm05N27GQSZiZCCX0CNy4UqUvfwtdw59s4abvQ6g8DH/9/DnPO8WPOlHacLyu3tr6xuZXfLuzs7u0fFA+PWipKJMUmjXgkOz5RyJnApmaaYyeWSEKfY9sf32Z5+wGlYpG405MYvZAMBQsYJdpYjVq/WHLKzlz2X3CXULr5mGV6q/eLn71BRJMQhaacKNV1nVh7KZGaUY7TQi9RGBM6JkPsGhQkROWl80Gn9plxBnYQSfOEtufuz46UhEpNQt9UhkSP1GqWmf9l3UQH117KRJxoFHTxUZBwW0d2trU9YBKp5hMDhEpmZrXpiEhCtblNwRzBXV35L7Quyu5ludJwS9UKLJSHEziFc3DhCqpQgzo0gQLCIzzDi3VvPVmv1mxRmrOWPcfwS9b7N70ckVM=</latexit>

H

<latexit sha1_base64="dU7dlaV3QNREu8MM++zJc9MDJVY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vV343SeqNIvlg5klNBB4LFnECDZW8ruPA5EOqzW37uZA68QrSA0KtIfVr8EoJqmg0hCOte57bmKCDCvDCKfzyiDVNMFkise0b6nEguogy4+dowurjFAUK1vSoFz9PZFhofVMhLZTYDPRq95C/M/rpya6CTImk9RQSZaLopQjE6PF52jEFCWGzyzBRDF7KyITrDAxNp+KDcFbfXmddBp176revG/WWo0ijjKcwTlcggfX0II7aIMPBBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fuieOmA==</latexit>

Wµ
<latexit sha1_base64="Luvo5y7pOwr3jVtxvmGgYlhEuNs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUMuAjYVFRPMByRH2NnvJkr29c3dOCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjK5nfuuJayNi9YDjhPsRHSgRCkbRSvePvdteseSW3TnIKvEyUoIM9V7xq9uPWRpxhUxSYzqem6A/oRoFk3xa6KaGJ5SN6IB3LFU04safzE+dkjOr9EkYa1sKyVz9PTGhkTHjKLCdEcWhWfZm4n9eJ8Xwyp8IlaTIFVssClNJMCazv0lfaM5Qji2hTAt7K2FDqilDm07BhuAtv7xKmpWyd1Gu3lVLtUoWRx5O4BTOwYNLqMEN1KEBDAbwDK/w5kjnxXl3PhatOSebOYY/cD5/ACgQja0=</latexit>qL

<latexit sha1_base64="6o71z1wX/NJTPw1TJzcUpNhP+Z4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx7rR2uhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfD3zH5+4NiJWDzhJuB/RoRKhYBStdI/9u3654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fptvdKo5XEU4QRO4Rw8uIQG3EATWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc1uo22</latexit>

tR

<latexit sha1_base64="Pg44B79pJ7quAgnBqBiopPHtrAg="></latexit>

V ⇠ �↵f2 sin2 h
f + �f2 sin4 h

f

realistic vacuum needs some residual fine-tuning

[Kaplan, Georgi 1984] 
[Kaplan 1992] 
[Agashe, Contino, Pomarol 2004]

Higgs as composite Goldstone boson

Ennio Salvioni

<latexit sha1_base64="BI5oyxiS2ILgoIpzAdDUy46WNAM="></latexit>

� = (↵/�)required

(↵/�)expected
= 2v2/f2

1

(also called “minimal tuning”; some models need stronger cancellations)

[e.g. Panico, Wulzer 2015]

<latexit sha1_base64="qgcQzkp386CRe8MvK54uhSOcFds=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmFZoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGfdZIhP9GFLDpVDcR4GSP6aa0ziUvBtObud+94lrIxL1gNOUBzEdKREJRtFKfl9K4g2qNbfuLkDWiVeQGhRoD6pf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiedRt27qjfvm7VWo4ijDGdwDpfgwTW04A7a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcTgI4q</latexit>

⌧ 1
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strongly-interacting  
sector

One loop: potential is generated by SM fields

<latexit sha1_base64="eQplM9JBw5P92glfyYS/7vuLDr0=">AAAB6HicbZDLSsNAFIZP6q3WW9Wlm2ARXJVEirqz4KbLFuwF2lAm05N27GQSZiZCCX0CNy4UqUvfwtdw59s4abvQ6g8DH/9/DnPO8WPOlHacLyu3tr6xuZXfLuzs7u0fFA+PWipKJMUmjXgkOz5RyJnApmaaYyeWSEKfY9sf32Z5+wGlYpG405MYvZAMBQsYJdpYjVq/WHLKzlz2X3CXULr5mGV6q/eLn71BRJMQhaacKNV1nVh7KZGaUY7TQi9RGBM6JkPsGhQkROWl80Gn9plxBnYQSfOEtufuz46UhEpNQt9UhkSP1GqWmf9l3UQH117KRJxoFHTxUZBwW0d2trU9YBKp5hMDhEpmZrXpiEhCtblNwRzBXV35L7Quyu5ludJwS9UKLJSHEziFc3DhCqpQgzo0gQLCIzzDi3VvPVmv1mxRmrOWPcfwS9b7N70ckVM=</latexit>

H

<latexit sha1_base64="dU7dlaV3QNREu8MM++zJc9MDJVY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmLbQxrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vV343SeqNIvlg5klNBB4LFnECDZW8ruPA5EOqzW37uZA68QrSA0KtIfVr8EoJqmg0hCOte57bmKCDCvDCKfzyiDVNMFkise0b6nEguogy4+dowurjFAUK1vSoFz9PZFhofVMhLZTYDPRq95C/M/rpya6CTImk9RQSZaLopQjE6PF52jEFCWGzyzBRDF7KyITrDAxNp+KDcFbfXmddBp176revG/WWo0ijjKcwTlcggfX0II7aIMPBBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fuieOmA==</latexit>

Wµ
<latexit sha1_base64="Luvo5y7pOwr3jVtxvmGgYlhEuNs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUMuAjYVFRPMByRH2NnvJkr29c3dOCCE/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjK5nfuuJayNi9YDjhPsRHSgRCkbRSvePvdteseSW3TnIKvEyUoIM9V7xq9uPWRpxhUxSYzqem6A/oRoFk3xa6KaGJ5SN6IB3LFU04safzE+dkjOr9EkYa1sKyVz9PTGhkTHjKLCdEcWhWfZm4n9eJ8Xwyp8IlaTIFVssClNJMCazv0lfaM5Qji2hTAt7K2FDqilDm07BhuAtv7xKmpWyd1Gu3lVLtUoWRx5O4BTOwYNLqMEN1KEBDAbwDK/w5kjnxXl3PhatOSebOYY/cD5/ACgQja0=</latexit>qL

<latexit sha1_base64="6o71z1wX/NJTPw1TJzcUpNhP+Z4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx7rR2uhDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFR28SpZrzFYhnrTkANl0LxFgqUvJNoTqNA8sdgfD3zH5+4NiJWDzhJuB/RoRKhYBStdI/9u3654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fptvdKo5XEU4QRO4Rw8uIQG3EATWsBgCM/wCm+OdF6cd+dj0Vpw8plj+APn8wc1uo22</latexit>

tR

<latexit sha1_base64="Pg44B79pJ7quAgnBqBiopPHtrAg="></latexit>

V ⇠ �↵f2 sin2 h
f + �f2 sin4 h

f

realistic vacuum needs some residual fine-tuning

[Kaplan, Georgi 1984] 
[Kaplan 1992] 
[Agashe, Contino, Pomarol 2004]

Higgs as composite Goldstone boson

Ennio Salvioni

• Therefore
<latexit sha1_base64="O2htUdERwfxvcNJPuQgT49sSh3Q="></latexit>

chV V = 1� v2

2f2 = 1� �
4

“sharp” sense in which 
Higgs coupling measurements 
probe fine tuning

<latexit sha1_base64="BI5oyxiS2ILgoIpzAdDUy46WNAM="></latexit>

� = (↵/�)required

(↵/�)expected
= 2v2/f2

1

<latexit sha1_base64="qgcQzkp386CRe8MvK54uhSOcFds=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY8FLx4rmFZoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSMUmmGfdZIhP9GFLDpVDcR4GSP6aa0ziUvBtObud+94lrIxL1gNOUBzEdKREJRtFKfl9K4g2qNbfuLkDWiVeQGhRoD6pf/WHCspgrZJIa0/PcFIOcahRM8lmlnxmeUjahI96zVNGYmyBfHDsjF1YZkijRthSShfp7IqexMdM4tJ0xxbFZ9ebif14vw+gmyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp2JD8FZfXiedRt27qjfvm7VWo4ijDGdwDpfgwTW04A7a4AMDAc/wCm+Ocl6cd+dj2VpyiplT+APn8wcTgI4q</latexit>

⌧ 1
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LHC: present and future

Ennio Salvioni

• Run 2:

• High Luminosity: uncertainties in 1.5 - 4% range

<latexit sha1_base64="2AbfKIhLdEWTZKZayBBYGjwb650=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFchUSKj13BjcsKNi20IUym03boZBJmboQQ6q+4caGIWz/EnX/jtM1CWw8MHM45l3vnRKngGlz321pb39jc2q7sVHf39g8O7aNjXyeZoqxNE5GobkQ0E1yyNnAQrJsqRuJIsE40uZ35nUemNE/kA+QpC2IyknzIKQEjhXaNhsXY96e4PwKTirHr3IR23XXcOfAq8UpSRyVaof3VHyQ0i5kEKojWPc9NISiIAk4Fm1b7mWYpoRMyYj1DJYmZDor58VN8ZpQBHibKPAl4rv6eKEisdR5HJhkTGOtlbyb+5/UyGF4HBZdpBkzSxaJhJjAkeNYEHnDFKIjcEEIVN7diOiaKUDB9VU0J3vKXV4l/4XiXTuO+UW82yjoq6ASdonPkoSvURHeohdqIohw9o1f0Zj1ZL9a79bGIrlnlTA39gfX5A37Mk/s=</latexit>

chV V & 0.9
<latexit sha1_base64="2mJor8Z1SalWnkMa5r1Nji8Ezk8=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSwFVyXRoi4LunBZwT6gCWUyvWmHTiZhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59sqrKyurW8UN0tb2zu7e/b+QUvFqaTQpDGPZScgCjgT0NRMc+gkEkgUcGgHo+up334AqVgs7vU4AT8iA8FCRok2Us8+8m6Aa4I9DkopFuFzx6v07LJTdWbAy8TNSRnlaPTsL68f0zQCoSknSnVdJ9F+RqRmlMOk5KUKEkJHZABdQwWJQPnZ7PoJrhilj8NYmhIaz9TfExmJlBpHgemMiB6qRW8q/ud1Ux1e+RkTSapB0PmiMOVYx3gaBe4zCVTzsSGESmZuxXRIJKHaBFYyIbiLLy+T1lnVvajW7mrlei2Po4iO0Qk6RS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFsLVj5ziP7A+vwB72OUNA==</latexit>

� . 30%

[Higgs physics @ HL- and  
HE-LHC,1902.00134]

[ATLAS-CONF-2020-027] 
[CMS-PAS-HIG-19-005]

(approx 95% CL)

<latexit sha1_base64="edsxnwIAy3DRIPHbHeFcJUOdrUk=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclUSKCoIU3Lis0Bc0oUymN+3QmSTMTIQQ6q+4caGIWz/EnX/jtM1CWw8MHM65l3vmBAlnSjvOt7W2vrG5tV3aKe/u7R8c2kfHHRWnkkKbxjyWvYAo4CyCtmaaQy+RQETAoRtM7mZ+9xGkYnHU0lkCviCjiIWMEm2kgV0J8S12vRtPED2WIm9BZzqwq07NmQOvErcgVVSgObC/vGFMUwGRppwo1XedRPs5kZpRDtOylypICJ2QEfQNjYgA5efz8FN8ZpQhDmNpXqTxXP29kROhVCYCMznLqJa9mfif1091eO3nLEpSDRFdHApTjnWMZ03gIZNANc8MIVQykxXTMZGEatNX2ZTgLn95lXQuau5lrf5QrzbqRR0ldIJO0Tly0RVqoHvURG1EUYae0St6s56sF+vd+liMrlnFTgX9gfX5A3O1k/w=</latexit>

f > 1 TeV
<latexit sha1_base64="FM6tZfDQMXTWBpPqWHoiBV+guKs=">AAAB/XicbVDLSgNBEJz1GeNrfdy8DIaAp7ArQT0G9OAxgnlAdgmzk95kyMzsMjMrxBD8FS8eFPHqf3jzb5wke9DEgoaiqpvurijlTBvP+3ZWVtfWNzYLW8Xtnd29fffgsKmTTFFo0IQnqh0RDZxJaBhmOLRTBUREHFrR8Hrqtx5AaZbIezNKIRSkL1nMKDFW6rrHwQ1wQ3DAQWvNBPa9oNx1S17FmwEvEz8nJZSj3nW/gl5CMwHSUE607vheasIxUYZRDpNikGlICR2SPnQslUSADsez6ye4bJUejhNlSxo8U39PjInQeiQi2ymIGehFbyr+53UyE1+FYybTzICk80VxxrFJ8DQK3GMKqOEjSwhVzN6K6YAoQo0NrGhD8BdfXibN84p/UaneVUu1ah5HAZ2gU3SGfHSJaugW1VEDUfSIntErenOenBfn3fmYt644+cwR+gPn8wfsVZQy</latexit>

� . 10%
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Ennio Salvioni

[FCC CDR Vol 1, EPJ C 2019]

<latexit sha1_base64="kD/ldr3cZvfmpr2kKwkX88Y0TJs=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKUooIIBRe6rGAf0IQymU7aoTOTODMRSsjGjb/ixoUibv0Hd/6Nk7YLbT1w4XDOvdx7TxAzqrTjfFsLi0vLK6uFteL6xubWtr2z21RRIjFp4IhFsh0gRRgVpKGpZqQdS4J4wEgrGF7lfuuBSEUjcadHMfE56gsaUoy0kbr2gafupU5VBi9hpep4Fx5HeiB5ek2aWdcuOWVnDDhP3CkpgSnqXfvL60U44URozJBSHdeJtZ8iqSlmJCt6iSIxwkPUJx1DBeJE+en4iwweGaUHw0iaEhqO1d8TKeJKjXhgOvMb1ayXi/95nUSH535KRZxoIvBkUZgwqCOYRwJ7VBKs2cgQhCU1t0I8QBJhbYIrmhDc2ZfnSbNSdk/L1dtqqXYyjaMA9sEhOAYuOAM1cAPqoAEweATP4BW8WU/Wi/VufUxaF6zpzB74A+vzB2Rml9A=</latexit>p
s = 240 GeV

(95% CL)

(68% CL)

<latexit sha1_base64="6lXEDYZUYwzmTvUEdS/QXwgY+9I=">AAAB/nicbVBNSwMxEM36WevXqnjyEiwFD1J2pajHgh48VrAf0F1KNp22oUl2SbJCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy9KONPG876dldW19Y3NwlZxe2d3b989OGzqOFUUGjTmsWpHRANnEhqGGQ7tRAEREYdWNLqZ+q1HUJrF8sGMEwgFGUjWZ5QYK3Xd4+AWuCE44KC1ZgL7wXlQ7rolr+LNgJeJn5MSylHvul9BL6apAGkoJ1p3fC8xYUaUYZTDpBikGhJCR2QAHUslEaDDbHb+BJet0sP9WNmSBs/U3xMZEVqPRWQ7BTFDvehNxf+8Tmr612HGZJIakHS+qJ9ybGI8zQL3mAJq+NgSQhWzt2I6JIpQYxMr2hD8xZeXSfOi4l9WqvfVUq2ax1FAJ+gUnSEfXaEaukN11EAUZegZvaI358l5cd6dj3nripPPHKE/cD5/AJ4MlJQ=</latexit>

� . 1%
<latexit sha1_base64="nAAxRUfJ6vAKVnKSZYHX4NwuuPM=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIvgqsxoUUGQghuXFfqCzlAyaaYNTTJDkhHLML/ixoUibv0Rd/6NmXYW2nogcDjnXu7JCWJGlXacb6u0tr6xuVXeruzs7u0f2IfVrooSiUkHRyyS/QApwqggHU01I/1YEsQDRnrB9C73e49EKhqJtp7FxOdoLGhIMdJGGtrV8BZeeDceR3oiedom3Wxo15y6MwdcJW5BaqBAa2h/eaMIJ5wIjRlSauA6sfZTJDXFjGQVL1EkRniKxmRgqECcKD+dZ8/gqVFGMIykeULDufp7I0VcqRkPzGSeUS17ufifN0h0eO2nVMSJJgIvDoUJgzqCeRFwRCXBms0MQVhSkxXiCZIIa1NXxZTgLn95lXTP6+5lvfHQqDUbRR1lcAxOwBlwwRVognvQAh2AwRN4Bq/gzcqsF+vd+liMlqxi5wj8gfX5Ax6uk9Q=</latexit>

f > 3 TeV

• Explore one order of magnitude in fine tuning:

FCC-ee
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Ennio Salvioni

FCC-hh

• Program is fully complementary to FCC-ee 

• Probes high -  region with unprecedented 

sensitivity

q2

~ FCC-ee statistics, 
but above 1 TeV!

[FCC CDR Vol 1, EPJ C 2019]

<latexit sha1_base64="cvaMaO+H2qzkpjaZg268JVPHaAY=">AAACEnicbVDLSgMxFM3UV62vUZdugkVQKGVGirosuGiXFewDOm25k6ZtaCYzJBmhDP0GN/6KGxeKuHXlzr8xbWehrQcunJxzL7n3+BFnSjvOt5VZW9/Y3Mpu53Z29/YP7MOjhgpjSWidhDyULR8U5UzQumaa01YkKQQ+p01/fDvzmw9UKhaKez2JaCeAoWADRkAbqWdfVLteH4ZDKnHVK+BKL/GC2BPxtAu40k0f2CvAtGfnnaIzB14lbkryKEWtZ395/ZDEARWacFCq7TqR7iQgNSOcTnNerGgEZAxD2jZUQEBVJ5mfNMVnRunjQShNCY3n6u+JBAKlJoFvOgPQI7XszcT/vHasBzedhIko1lSQxUeDmGMd4lk+uM8kJZpPDAEimdkVkxFIINqkmDMhuMsnr5LGZdG9KpbuSvlyKY0ji07QKTpHLrpGZVRFNVRHBD2iZ/SK3qwn68V6tz4WrRkrnTlGf2B9/gC1AJzZ</latexit>

H
†
H G

a
µ⌫G

µ⌫ a
<latexit sha1_base64="8s0isW9HyF49fPL6afUxp5NntGc=">AAACE3icbVA9SwNBEN3zM8avU0ubxSCISLiToJYBmyssVIwKuXjs7U2Sxb0Pd+eUcOQ/2PhXbCwUsbWx89+4iSk0+mDg8d4MM/PCTAqNjvNpTUxOTc/MlubK8wuLS8v2yuq5TnPFocFTmarLkGmQIoEGCpRwmSlgcSjhIrw+HPgXt6C0SJMz7GXQilknEW3BGRopsLe9Kz9inQ4o6lF/xw+ZKm76wRH170QEKGQEhdenGJzSwK44VWcI+pe4I1IhIxwH9ocfpTyPIUEumdZN18mwVTCFgkvol/1cQ8b4NetA09CExaBbxfCnPt00SkTbqTKVIB2qPycKFmvdi0PTGTPs6nFvIP7nNXNsH7QKkWQ5QsK/F7VzSTGlg4BoJBRwlD1DGFfC3Ep5lynG0cRYNiG44y//Jee7VXevWjupVeq1URwlsk42yBZxyT6pE48ckwbh5J48kmfyYj1YT9ar9fbdOmGNZtbIL1jvX4NZnUc=</latexit>

H
†
H q̄L

eHtR

<latexit sha1_base64="9WkMhlpyU7PA478jgnIrCyWN9UM=">AAACEHicbVDLSsNAFJ34rPUVdelmsIiuShKKuiy4cSNUsA9o0jCZTtqhM0mYmQgl5BPc+CtuXCji1qU7/8ZJm4W2HrhwOOde7r0nSBiVyrK+jZXVtfWNzcpWdXtnd2/fPDjsyDgVmLRxzGLRC5AkjEakrahipJcIgnjASDeYXBd+94EISePoXk0T4nE0imhIMVJa8s0zlyM1xohltzl0JeXQZfFo4EA3FAhnMs+4rwZO7ps1q27NAJeJXZIaKNHyzS93GOOUk0hhhqTs21aivAwJRTEjedVNJUkQnqAR6WsaIU6kl80eyuGpVoYwjIWuSMGZ+nsiQ1zKKQ90Z3G+XPQK8T+vn6rwystolKSKRHi+KEwZVDEs0oFDKghWbKoJwoLqWyEeI52E0hlWdQj24svLpOPU7Yt6465RazplHBVwDE7AObDBJWiCG9ACbYDBI3gGr+DNeDJejHfjY966YpQzR+APjM8fw0GdAw==</latexit>

M ⇠ log2
s

m2
t

tell apart 
from

[Grojean, Salvioni, Schlaffer, Weiler 2013] 
[Banfi, Martin, Sanz 2013] 
[Azatov, Paul 2013] 
…

<latexit sha1_base64="nWab9vz4HsKPSF9rxOqU/xIfBXk=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZ0Q8rgFvHhMwDwgWcLsZDYZMzu7zMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7/FhwbVz3w9nY3Nre2c3t5fcPDo+OCyenXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev5s+vM790zpXkkb808Zl5IJpIHnBJjpfZ0VCi6Jdd1McYoI7hWdS1pNOplXEc4syyKsEZrVHgfjiOahEwaKojWA+zGxkuJMpwKtsgPE81iQmdkwgaWShIy7aXLQxfo0ipjFETKljRoqX6fSEmo9Tz0bWdIzFT/9jLxL2+QmKDupVzGiWGSrhYFiUAmQtnXaMwVo0bMLSFUcXsrolOiCDU2m7wN4etT9D/plku4Wqq0K8VmeR1HDs7hAq4AQw2acAMt6AAFBg/wBM/OnfPovDivq9YNZz1zBj/gvH0CGRyNGw==</latexit>

h <latexit sha1_base64="nWab9vz4HsKPSF9rxOqU/xIfBXk=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBA8hZ0Q8rgFvHhMwDwgWcLsZDYZMzu7zMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7/FhwbVz3w9nY3Nre2c3t5fcPDo+OCyenXR0lirIOjUSk+j7RTHDJOoYbwfqxYiT0Bev5s+vM790zpXkkb808Zl5IJpIHnBJjpfZ0VCi6Jdd1McYoI7hWdS1pNOplXEc4syyKsEZrVHgfjiOahEwaKojWA+zGxkuJMpwKtsgPE81iQmdkwgaWShIy7aXLQxfo0ipjFETKljRoqX6fSEmo9Tz0bWdIzFT/9jLxL2+QmKDupVzGiWGSrhYFiUAmQtnXaMwVo0bMLSFUcXsrolOiCDU2m7wN4etT9D/plku4Wqq0K8VmeR1HDs7hAq4AQw2acAMt6AAFBg/wBM/OnfPovDivq9YNZz1zBj/gvH0CGRyNGw==</latexit>

h

<latexit sha1_base64="vmpsGWef5ihklC2xlkkRXdf8TlI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlKUZcFN26ECvYBTSiT6aQdOpOEmYlYQn7FjQtF3Poj7vwbJ20X2npg4HDOvdwzJ0g4U9pxvq3SxubW9k55t7K3f3B4ZB9XuypOJaEdEvNY9gOsKGcR7WimOe0nkmIRcNoLpjeF33ukUrE4etCzhPoCjyMWMoK1kYZ21RNYTwjm2V2OPMUEUkO75tSdOdA6cZekBku0h/aXN4pJKmikCcdKDVwn0X6GpWaE07zipYommEzxmA4MjbCgys/m2XN0bpQRCmNpXqTRXP29kWGh1EwEZrJIqla9QvzPG6Q6vPYzFiWpphFZHApTjnSMiiLQiElKNJ8ZgolkJisiEywx0aauiinBXf3yOuk26u5lvXnfrLUayzrKcApncAEuXEELbqENHSDwBM/wCm9Wbr1Y79bHYrRkLXdO4A+szx+vQZQr</latexit>

M ⇠ s
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Ennio Salvioni

More FCC-hh

• 1% measurement of         coupling, exploiting ratio  

to reduce systematics 

• Very important for composite Higgs framework, where most promising models 

(tuning, EW precision) single out with maximal size the operators

<latexit sha1_base64="KShxbctZoDH0AgHSp+bGC+MojuM=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFdlMTKeqy4MZlBXvBJpTJdNoOnUnCzIlQQp/Aja/ixoUibl27822cthG09YeBn++cw5nzB7HgGhzny1pZXVvf2Mxt5bd3dvf27YPDpo4SRVmDRiJS7YBoJnjIGsBBsHasGJGBYK1gdDWtt+6Z0jwKb2EcM1+SQcj7nBIwqGsXPc0HkpTAC4hKYTIsn/4QnCF8V+7aBafizISXjZuZAspU79qfXi+iiWQhUEG07rhODH5KFHAq2CTvJZrFhI7IgHWMDYlk2k9n50xw0ZAe7kfKvBDwjP6eSInUeiwD0ykJDPVibQr/q3US6F/6KQ/jBFhI54v6icAQ4Wk2uMcVoyDGxhCquPkrpkOiCAWTYN6E4C6evGyaZxX3vFK9qRZq1SyOHDpGJ6iEXHSBauga1VEDUfSAntALerUerWfrzXqft65Y2cwR+iPr4xtouZun</latexit>

�(tt̄h)/�(tt̄Z)

[Mangano, Plehn, Reimitz, 
Schell, Shao 2015]

<latexit sha1_base64="ciEevCDA294t4deYzQTMtEYZdLQ=">AAACHHicbZBNS8MwGMdTX+d8q3r0EhyCp9HOoR4HXnac4F5g3UqapVtY0pYkFUbXD+LFr+LFgyJePAh+G9OtDN38Q+DP73meJM/fixiVyrK+jbX1jc2t7cJOcXdv/+DQPDpuyTAWmDRxyELR8ZAkjAakqahipBMJgrjHSNsb32b19gMRkobBvZpEpMfRMKA+xUhp5JqXji8QTuw08fuVFDoREooi5jo8htP6tF9ZoP4CuWbJKlszwVVj56YEcjVc89MZhDjmJFCYISm7thWpXpLdixlJi04sSYTwGA1JV9sAcSJ7yWy5FJ5rMoB+KPQJFJzR3xMJ4lJOuKc7OVIjuVzL4H+1bqz8m15CgyhWJMDzh/yYQRXCLCk4oIJgxSbaICyo/ivEI6TTUjrPog7BXl551bQqZfuqXL2rlmrVPI4COAVn4ALY4BrUQB00QBNg8AiewSt4M56MF+Pd+Ji3rhn5zAn4I+PrB4/IoZ4=</latexit>

1

f2
@µ|H|2@µ|H|2

<latexit sha1_base64="ihzPswt0ZIndEfcCt0L+8JMVznQ="></latexit>

1

f2
ytH

†
Hq̄L

eHtR

<latexit sha1_base64="P+MPkgFlKq82HSSwn9GApY5L7KU=">AAACE3icbVA9SwNBEN3z2/gVtbRZDIJahLsQ1FKwsVQxMZBLjrnNXlzcvTt254Rw3H+w8a/YWChia2Pnv3HzUajxwcDjvRlm5oWpFAZd98uZmZ2bX1hcWi6trK6tb5Q3t5omyTTjDZbIRLdCMFyKmDdQoOStVHNQoeQ34d3Z0L+559qIJL7GQco7CvqxiAQDtFJQPvQjDSz3ijzq1gq674egcyyCK+r3QSno+iqjGFwddGtBueJW3RHoNPEmpEImuAjKn34vYZniMTIJxrQ9N8VODhoFk7wo+ZnhKbA76PO2pTEobjr56KeC7lmlR6NE24qRjtSfEzkoYwYqtJ0K8Nb89Ybif147w+ikk4s4zZDHbLwoyiTFhA4Doj2hOUM5sASYFvZWym7BhoQ2xpINwfv78jRp1qreUbV+Wa+c1idxLJEdskv2iUeOySk5JxekQRh5IE/khbw6j86z8+a8j1tnnMnMNvkF5+Mbw96daA==</latexit>

1

f2
(t̄R�

µtR)
2

<latexit sha1_base64="sCeS7u/qfA3tm6Oe84bb+GoVyRI=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpKEom6EghuXFWxaaGOYTCft0MkkzEwKJWTnxl9x40IRt/6CO//GaZuFth64l8M59zJzT5AwKpVlfRulldW19Y3yZmVre2d3z9w/cGWcCkxaOGax6ARIEkY5aSmqGOkkgqAoYKQdjG6mfntMhKQxv1eThHgRGnAaUoyUlnzzGPvZ0HVzeA1teA57oUA4Gz84eeaEuvtm1apZM8BlYhekCgo0ffOr149xGhGuMENSdm0rUV6GhKKYkbzSSyVJEB6hAelqylFEpJfN7sjhqVb6MIyFLq7gTP29kaFIykkU6MkIqaFc9Kbif143VeGVl1GepIpwPH8oTBlUMZyGAvtUEKzYRBOEBdV/hXiIdBRKR1fRIdiLJy8T16nZF7X6Xb3acIo4yuAInIAzYINL0AC3oAlaAINH8AxewZvxZLwY78bHfLRkFDuH4A+Mzx+NqZfP</latexit>

chV V = 1� v2

2f2

<latexit sha1_base64="orzc9fQoZKMOKV1Vdr3SdV0zVxY=">AAACFXicbVDLSgMxFM3UV62vUZdugkWooGWmFHUjFNy4s4J9QGcsmTTThmYeJHcKZehPuPFX3LhQxK3gzr8xbWeh1QP3cjjnXpJ7vFhwBZb1ZeSWlldW1/LrhY3Nre0dc3evqaJEUtagkYhk2yOKCR6yBnAQrB1LRgJPsJY3vJr6rRGTikfhHYxj5gakH3KfUwJa6pontJsOACb4Etv4FN9gRzAfSo4vCU1H95VJ6uvmSN4fwHHXLFplawb8l9gZKaIM9a756fQimgQsBCqIUh3bisFNiQROBZsUnESxmNAh6bOOpiEJmHLT2VUTfKSVHvYjqSsEPFN/bqQkUGoceHoyIDBQi95U/M/rJOBfuCkP4wRYSOcP+YnAEOFpRLjHJaMgxpoQKrn+K6YDogMBHWRBh2AvnvyXNCtl+6xcva0Wa5Usjjw6QIeohGx0jmroGtVRA1H0gJ7QC3o1Ho1n4814n4/mjGxnH/2C8fENTLSdpg==</latexit>

chtt = 1�O

✓
v
2

f2

◆

<latexit sha1_base64="yym58iZwlUHeqXjua9KiExceG6g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSZzTIx4izgVv1at4CZJ34BalCgebA/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLcGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGt0EuVJohV2y5KMokwYTMfydDoTlDObWEMi3srYSNqaYMbUIVG4K/+vI6aV/V/Ota/aFebdSLOMpwBudwCT7cQAPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB7bPj8k=</latexit>ghtt
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Ennio Salvioni

More FCC-hh

• 1% measurement of         coupling, exploiting ratio  

to reduce systematics 

• Very important for composite Higgs framework, where most promising models 

(tuning, EW precision) single out with maximal size the operators

<latexit sha1_base64="KShxbctZoDH0AgHSp+bGC+MojuM=">AAACDnicbZDLSsNAFIYnXmu9RV26GSyFdlMTKeqy4MZlBXvBJpTJdNoOnUnCzIlQQp/Aja/ixoUibl27822cthG09YeBn++cw5nzB7HgGhzny1pZXVvf2Mxt5bd3dvf27YPDpo4SRVmDRiJS7YBoJnjIGsBBsHasGJGBYK1gdDWtt+6Z0jwKb2EcM1+SQcj7nBIwqGsXPc0HkpTAC4hKYTIsn/4QnCF8V+7aBafizISXjZuZAspU79qfXi+iiWQhUEG07rhODH5KFHAq2CTvJZrFhI7IgHWMDYlk2k9n50xw0ZAe7kfKvBDwjP6eSInUeiwD0ykJDPVibQr/q3US6F/6KQ/jBFhI54v6icAQ4Wk2uMcVoyDGxhCquPkrpkOiCAWTYN6E4C6evGyaZxX3vFK9qRZq1SyOHDpGJ6iEXHSBauga1VEDUfSAntALerUerWfrzXqft65Y2cwR+iPr4xtouZun</latexit>

�(tt̄h)/�(tt̄Z)

[Mangano, Plehn, Reimitz, 
Schell, Shao 2015]

<latexit sha1_base64="P+MPkgFlKq82HSSwn9GApY5L7KU=">AAACE3icbVA9SwNBEN3z2/gVtbRZDIJahLsQ1FKwsVQxMZBLjrnNXlzcvTt254Rw3H+w8a/YWChia2Pnv3HzUajxwcDjvRlm5oWpFAZd98uZmZ2bX1hcWi6trK6tb5Q3t5omyTTjDZbIRLdCMFyKmDdQoOStVHNQoeQ34d3Z0L+559qIJL7GQco7CvqxiAQDtFJQPvQjDSz3ijzq1gq674egcyyCK+r3QSno+iqjGFwddGtBueJW3RHoNPEmpEImuAjKn34vYZniMTIJxrQ9N8VODhoFk7wo+ZnhKbA76PO2pTEobjr56KeC7lmlR6NE24qRjtSfEzkoYwYqtJ0K8Nb89Ybif147w+ikk4s4zZDHbLwoyiTFhA4Doj2hOUM5sASYFvZWym7BhoQ2xpINwfv78jRp1qreUbV+Wa+c1idxLJEdskv2iUeOySk5JxekQRh5IE/khbw6j86z8+a8j1tnnMnMNvkF5+Mbw96daA==</latexit>

1

f2
(t̄R�

µtR)
2

<latexit sha1_base64="yym58iZwlUHeqXjua9KiExceG6g=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSZzTIx4izgVv1at4CZJ34BalCgebA/eoPE5bFXCGT1Jie76UY5FSjYJLPKv3M8JSyCR3xnqWKxtwE+eLcGbmwypBEibalkCzU3xM5jY2ZxqHtjCmOzao3F//zehlGt0EuVJohV2y5KMokwYTMfydDoTlDObWEMi3srYSNqaYMbUIVG4K/+vI6aV/V/Ota/aFebdSLOMpwBudwCT7cQAPuoQktYDCBZ3iFNyd1Xpx352PZWnKKmVP4A+fzB7bPj8k=</latexit>ghtt

<latexit sha1_base64="qd/m5o84mFHZRRqL3aiaW56vtn4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSlqMuCGzdCBfuAJpbJdNIOnZmEmYlQQnZu/BU3LhRx6y+482+ctFlo64ELh3Pu5d57gphRpR3n2yqtrK6tb5Q3K1vbO7t79v5BR0WJxKSNIxbJXoAUYVSQtqaakV4sCeIBI91gcpX73QciFY3EnZ7GxOdoJGhIMdJGGtjHHkd6jBFLbzLoKcqhF0qEU5Wl4X09G9hVp+bMAJeJW5AqKNAa2F/eMMIJJ0JjhpTqu06s/RRJTTEjWcVLFIkRnqAR6RsqECfKT2d/ZPDUKEMYRtKU0HCm/p5IEVdqygPTmV+tFr1c/M/rJzq89FMq4kQTgeeLwoRBHcE8FDikkmDNpoYgLKm5FeIxMjloE13FhOAuvrxMOvWae15r3DaqzXoRRxkcgRNwBlxwAZrgGrRAG2DwCJ7BK3iznqwX6936mLeWrGLmEPyB9fkDO0KZgQ==</latexit>

M ⇠ s

f2

Expected sensitivity from 4-top production @ FCC-hh:

<latexit sha1_base64="f73VEDMu8xga+yMIabgmMLqZYOQ=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgapiRWgVBCm5cVugLOkPJpJk2NMkMSUYoQ8FfceNCEbd+hzv/xkw7C209EDiccy/35IQJo0q77re1srq2vrFZ2ipv7+zu7dsHh20VpxKTFo5ZLLshUoRRQVqaaka6iSSIh4x0wvFd7nceiVQ0Fk09SUjA0VDQiGKkjdS3jyN4C2vOpX/jc6RHkmdN0p727YrruDPAZeIVpAIKNPr2lz+IccqJ0JghpXqem+ggQ1JTzMi07KeKJAiP0ZD0DBWIExVks/hTeGaUAYxiaZ7QcKb+3sgQV2rCQzOZZ1SLXi7+5/VSHV0HGRVJqonA80NRyqCOYd4FHFBJsGYTQxCW1GSFeIQkwto0VjYleItfXibtC8erOdWHaqVeLeoogRNwCs6BB65AHdyDBmgBDDLwDF7Bm/VkvVjv1sd8dMUqdo7AH1ifP2PGlHg=</latexit>

f > 6.5 TeV

key complementary observable
[Banelli, Salvioni, Serra, 
Theil, Weiler 2020]

grows with energy
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Ennio Salvioni

Where are the top partners?

• Top partners not too far above weak scale are essential for naturalness 

• In “classic” scenarios, direct searches for color-charged particles are important tests 

(top squarks, vector-like quarks) 

• Concretely: in composite Higgs, observed Higgs mass requires
<latexit sha1_base64="+VUuyAYu+jok6x5938JDJca+E6M=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwISGR+lgW3LgRKvQFTQiT6aQdOjMJMxOhhuKvuHGhiFv/w51/47TNQlsPXDiccy/33hOljCrtut/W0vLK6tp6aaO8ubW9s2vv7bdUkklMmjhhiexESBFGBWlqqhnppJIgHjHSjoY3E7/9QKSiiWjoUUoCjvqCxhQjbaTQPrwLG9BnRClFOfScC/8MxqFdcR13CrhIvIJUQIF6aH/5vQRnnAiNGVKq67mpDnIkNcWMjMt+pkiK8BD1SddQgThRQT69fgxPjNKDcSJNCQ2n6u+JHHGlRjwynRzpgZr3JuJ/XjfT8XWQU5Fmmgg8WxRnDOoETqKAPSoJ1mxkCMKSmlshHiCJsDaBlU0I3vzLi6R17niXTvW+WqlVizhK4Agcg1PggStQA7egDpoAg0fwDF7Bm/VkvVjv1sesdckqZg7AH1ifPxv8k6w=</latexit>

MT . 1.5 f

<latexit sha1_base64="NMS1fFBWJLP48BP/t2I9TrcxjoY=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgqiSlqOCm4MaNUKEvaEKYTKft0JlMmJmIJXThxl9x40IRt36EO//GSZuFth64cDjnXu69J4wZVdpxvq3C2vrG5lZxu7Szu7d/YB8edZRIJCZtLJiQvRApwmhE2ppqRnqxJIiHjHTDyXXmd++JVFRELT2Nic/RKKJDipE2UmCXb4MW9FAcS/EAa96Vx5EeS562SGcW2BWn6swBV4mbkwrI0QzsL28gcMJJpDFDSvVdJ9Z+iqSmmJFZyUsUiRGeoBHpGxohTpSfzp+YwVOjDOBQSFORhnP190SKuFJTHprO7Ea17GXif14/0cNLP6VRnGgS4cWiYcKgFjBLBA6oJFizqSEIS2puhXiMJMLa5FYyIbjLL6+STq3qnlfrd/VKo57HUQRlcALOgAsuQAPcgCZoAwwewTN4BW/Wk/VivVsfi9aClc8cgz+wPn8A7daXnw==</latexit>

MT ⇡ 2 TeV

HL-LHC direct reach 

<latexit sha1_base64="nzU6r4wKoUuiDY7UvbbfP5i8Pbw=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgKiSlqOCm4MZlhb6gCWUynbRDZyZhZiKU0IUbf8WNC0Xc+hHu/BsnbRbaeuDC4Zx7ufeeMGFUadf9tkobm1vbO+Xdyt7+weGRfXzSVXEqMengmMWyHyJFGBWko6lmpJ9IgnjISC+c3uZ+74FIRWPR1rOEBByNBY0oRtpIQ7saQX+sjc+h59T9G58jPZE8a5PufGjXXMddAK4TryA1UKA1tL/8UYxTToTGDCk18NxEBxmSmmJG5hU/VSRBeIrGZGCoQJyoIFs8MYfnRhnBKJamhIYL9fdEhrhSMx6azvxGterl4n/eINXRdZBRkaSaCLxcFKUM6hjmicARlQRrNjMEYUnNrRBPkERYm9wqJgRv9eV10q073qXTuG/Umo0ijjKogjNwATxwBZrgDrRAB2DwCJ7BK3iznqwX6936WLaWrGLmFPyB9fkDi9OXYA==</latexit>

f & 1.2 TeV

“equivalent” reach, 
comparable to Higgs couplings

[Matsedonskyi, Panico, Wulzer 2012] 
[Pomarol, Riva 2012]
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Ennio Salvioni

Where are the top partners?

<latexit sha1_base64="Bciaev4I/qCi8WKURetSdxt0MSk=">AAACDXicbVC7SgNBFJ2NrxhfUUubwShYhd0Q1EYI2FhGMA/IhmV2MpsMmX04c1dYhv0BG3/FxkIRW3s7/8bJo9DEAxcO59zLvff4ieAKbPvbKqysrq1vFDdLW9s7u3vl/YO2ilNJWYvGIpZdnygmeMRawEGwbiIZCX3BOv74euJ3HphUPI7uIEtYPyTDiAecEjCSVz4JPe2OCGjIc3yF3UASqjMPcJBrV91L0LU898oVu2pPgZeJMycVNEfTK3+5g5imIYuACqJUz7ET6GsigVPB8pKbKpYQOiZD1jM0IiFTfT39JsenRhngIJamIsBT9feEJqFSWeibzpDASC16E/E/r5dCcNnXPEpSYBGdLQpSgSHGk2jwgEtGQWSGECq5uRXTETGBgAmwZEJwFl9eJu1a1Tmv1m/rlUZ9HkcRHaFjdIYcdIEa6AY1UQtR9Iie0St6s56sF+vd+pi1Fqz5zCH6A+vzB2MtnF4=</latexit>

mt̂ =
ytfp
2

<latexit sha1_base64="5H0SkJF6c9opYoBQgVgdD5bxoRs=">AAACCHicbVBNS8NAFNzUr1q/oh49uFgETyWRoIKXghePFdpaaErZbF/apbtJ2N0IJfToxb/ixYMiXv0J3vw3btoctHVgYZiZx743QcKZ0o7zbZVWVtfWN8qbla3tnd09e/+greJUUmjRmMeyExAFnEXQ0kxz6CQSiAg43Afjm9y/fwCpWBw19SSBniDDiIWMEm2kvn3s+QnDIfaH2oQEdh3/2hdEj6TImtCe9u2qU3NmwMvELUgVFWj07S9/ENNUQKQpJ0p1XSfRvYxIzSiHacVPFSSEjskQuoZGRIDqZbNDpvjUKAMcxtK8SOOZ+nsiI0KpiQhMMt9RLXq5+J/XTXV41ctYlKQaIjr/KEw51jHOW8EDJoFqPjGEUMnMrpiOiCRUm+4qpgR38eRl0j6vuRc1786r1r2ijjI6QifoDLnoEtXRLWqgFqLoET2jV/RmPVkv1rv1MY+WrGLmEP2B9fkDUEyY4Q==</latexit>

4⇡f & 10 TeV
<latexit sha1_base64="BDRxc5Mrz5ADDjlu7NnkTgZQZj0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgQkoiRQU3BTcuK/QFTSiT6aQdOpOEmUmhhP6JGxeKuPVP3Pk3TtostPXAwOGce7lnTpBwprTjfFuljc2t7Z3ybmVv/+DwyD4+6ag4lYS2Scxj2QuwopxFtK2Z5rSXSIpFwGk3mDzkfndKpWJx1NKzhPoCjyIWMoK1kQa27TrevSewHkuRtWhnPrCrTs1ZAK0TtyBVKNAc2F/eMCapoJEmHCvVd51E+xmWmhFO5xUvVTTBZIJHtG9ohAVVfrZIPkcXRhmiMJbmRRot1N8bGRZKzURgJvOMatXLxf+8fqrDOz9jUZJqGpHloTDlSMcorwENmaRE85khmEhmsiIyxhITbcqqmBLc1S+vk851zb2p1Z/q1cZVUUcZzuAcLsGFW2jAIzShDQSm8Ayv8GZl1ov1bn0sR0tWsXMKf2B9/gDku5Mi</latexit>

10 TeV

[Chacko, Goh, Harnik 2005] 
and many more

• Top partners not too far above weak scale are essential for naturalness 

• In “classic” scenarios, direct searches for color-charged particles are important tests 

(top squarks, vector-like quarks) 

• In neutral naturalness models, top partners are color-less 

Twin Higgs:   

➡  “Twin top” is light, but fully neutral under Standard Model  

➡  new color-charged states can be close to 

➡  direct discovery may need to wait for FCC-hh 



Ennio Salvioni

Higgs  invisible decays→

• In Twin Higgs there is an “irreducible” contribution from    h → Twin gluons

<latexit sha1_base64="5tnj1QW4g0izFgMOcY/MsF3IABE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpz+mmI9mA7fq1bwFyDrxC1KFAs2B+9UfJiyLuUImqTE930sxyKlGwSSfVfqZ4SllEzriPUsVjbkJ8sW5M3JhlSGJEm1LIVmovydyGhszjUPbGVMcm1VvLv7n9TKMboNcqDRDrthyUZRJggmZ/06GQnOGcmoJZVrYWwkbU00Z2oQqNgR/9eV10r6q+de1+kO92qgXcZThDM7hEny4gQbcQxNawGACz/AKb07qvDjvzseyteQUM6fwB87nD5Ufj7M=</latexit>

ĝ

<latexit sha1_base64="5tnj1QW4g0izFgMOcY/MsF3IABE=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeCF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZemEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TZJpxlsskYnuhtRwKRRvoUDJu6nmNA4l74STu7nfeeLaiEQ94jTlQUxHSkSCUbRSpz+mmI9mA7fq1bwFyDrxC1KFAs2B+9UfJiyLuUImqTE930sxyKlGwSSfVfqZ4SllEzriPUsVjbkJ8sW5M3JhlSGJEm1LIVmovydyGhszjUPbGVMcm1VvLv7n9TKMboNcqDRDrthyUZRJggmZ/06GQnOGcmoJZVrYWwkbU00Z2oQqNgR/9eV10r6q+de1+kO92qgXcZThDM7hEny4gQbcQxNawGACz/AKb07qvDjvzseyteQUM6fwB87nD5Ufj7M=</latexit>

ĝ

<latexit sha1_base64="+o2Hr9W8ax91T4/y0WHFXk/Qqww=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipOR6UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp619Vas1ap1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kDzLGM5w==</latexit>

h

Twin top
<latexit sha1_base64="9GAPdMdpxKioaHF8wpee5HUBUSk="></latexit>

BR(h ! ĝĝ) ⇡
✓
v

f

◆4

BR(h ! gg)

FCC-hh

<latexit sha1_base64="o+gvxKNK4bY2HuHj/lPYx1J0l2I=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0WoC0NS62PhoujGZRX7gCaWyXTSDp08mJkUSsiHuPFX3LhQxI0Lwb9x0lbQ1gMXDufey73nuBGjQprml5ZbWFxaXsmvFtbWNza39O2dhghjjkkdhyzkLRcJwmhA6pJKRloRJ8h3GWm6g6us3xwSLmgY3MlRRBwf9QLqUYykkjr6se0j2ed+cnmblvrQliH8UWgwTA/hBSwbJ7akPhHQMu+To0ra0YumYY4B54k1JUUwRa2jf9jdEMc+CSRmSIi2ZUbSSRCXFDOSFuxYkAjhAeqRtqIBUsecZGwuhQdK6UIv5KoCCcfq740E+UKMfFdNZo+L2V4m/tdrx9I7d5TLKJYkwJNDXsygiiBLCnYpJ1iykSIIc6p+hbiPOMJS5VlQIVizludJo2xYp0blplKslqdx5MEe2AclYIEzUAXXoAbqAIMH8ARewKv2qD1rb9r7ZDSnTXd2wR9on99mzKA8</latexit>

BR(h ! inv) < 2.5⇥ 10�4
<latexit sha1_base64="4hcHfLWd6haRsqBrRBP9WDrWCAM=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyWRooKXghePFdpaaELZbCft0t0k7G6EEgpe/CtePCji1T/hzX/jps1BWx8MPN6bYWZekHCmtON8W6WV1bX1jfJmZWt7Z3fP3j/oqDiVFNo05rHsBkQBZxG0NdMcuokEIgIO98H4JvfvH0AqFkctPUnAF2QYsZBRoo3Ut49Cb6iNLbBbc71rTxA9kiJrQWfat6tOzZkBLxO3IFVUoNm3v7xBTFMBkaacKNVznUT7GZGaUQ7TipcqSAgdkyH0DI2IAOVnsx+m+NQoAxzG0lSk8Uz9PZERodREBKYzv1Etern4n9dLdXjlZyxKUg0RnS8KU451jPNA8IBJoJpPDCFUMnMrpiMiCdUmtooJwV18eZl0zmvuRa1+V6826kUcZXSMTtAZctElaqBb1ERtRNEjekav6M16sl6sd+tj3lqyiplD9AfW5w8xBpc1</latexit>

f & 1.1 TeV

[Borgonovi et al. 
CERN-ACC-2018-0045]

• Many striking visible signals are possible (and model-dependent): 

Higgs exotic decays probe neutral naturalness [Craig, Katz, Strassler, Sundrum 2015]

(invisible width can be larger, 
depending on twin fermion masses)

15
see talks by Christophe Grojean this morning,  
Juliette Alimena on Thursday 



Ennio Salvioni

Higgs cubic coupling

• HL-LHC has first sensitivity (50% on  , at 68% CL)  

• FCC-ee will improve via loop effects (20%)  

• FCC-hh will truly pin it down (7%) 

• Models of Higgs naturalness usually do not predict  

parametrically larger deviations in   than in single Higgs couplings

chhh

chhh

[de Blas et al. 1905.03764]

16



Ennio Salvioni

Higgs cubic coupling

• HL-LHC has first sensitivity (50% on  , at 68% CL)  

• FCC-ee will improve via loop effects (20%)  

• FCC-hh will truly pin it down (7%) 

• Models of Higgs naturalness usually do not predict  

parametrically larger deviations in   than in single Higgs couplings 

• There are exceptions: “Gegenbauer’s Twin” 

• Twin Higgs model where explicit SO(8) breaking arises from higher-dimensional irreps 

(part of) Higgs potential is Gegenbauer polynomial,             natural

chhh

chhh

[de Blas et al. 1905.03764]

[Durieux, McCullough, Salvioni 2202.01228]

<latexit sha1_base64="klQVi8IioWCXGGHKS4va18xCVqc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI8FLx4r2A9oQ9lsN+3SzSbsTgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3C/8zpRrI2L1hLOE+xEdKREKRtFKnSnpS0nCQbniVt0lyCbxclKBHM1B+as/jFkacYVMUmN6npugn1GNgkk+L/VTwxPKJnTEe5YqGnHjZ8tz5+TKKkMSxtqWQrJUf09kNDJmFgW2M6I4NuveQvzP66UY3vmZUEmKXLHVojCVBGOy+J0MheYM5cwSyrSwtxI2ppoytAmVbAje+subpH1T9erV2mOt0qjlcRThAi7hGjy4hQY8QBNawGACz/AKb07ivDjvzseqteDkM+fwB87nD5UTjws=</latexit>

v ⌧ f
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Higgs cubic coupling

[de Blas et al. 1905.03764]

Ennio Salvioni

• HL-LHC has first sensitivity (50% on  , at 68% CL)  

• FCC-ee will improve via loop effects (20%)  

• FCC-hh will truly pin it down (7%) 

• Parametrically enhanced  

deviations in cubic self-coupling

chhh

[Durieux, McCullough, Salvioni 2202.01228] 18



Ennio Salvioni

Conclusion

• HL-LHC + FCC program will be extraordinary probe of Higgs naturalness. 

Push minimal fine tuning from few   few , if no discovery 

• If top partners are color-less, as in neutral naturalness models, resonance detection 

could be possible only at FCC-hh.  

Until then (and after), measuring Higgs properties is key to progress 

• Could not do justice to many more interesting theory ideas and their tests, 

nor characterization in presence of deviations from Standard Model

10−1 → 10−3

19
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Higgs  invisible, above threshold→

[Cheng, Li, Salvioni, Verhaaren 2018] 
see also [Cohen, Craig, Giudice, McCullough 2018]

Standard Model-singlet  
scalar top partners

<latexit sha1_base64="x1ZwUKIb4TbvFKMHjImiJZrcA0w=">AAACM3icbVDLSgMxFM34rPVVdekmWAQ3lplS1I1QcFPERQX7gHYcMpm0Dc08SO4IZdp/cuOPuBDEhSJu/QczbUFteyHh5Jx7uTnHjQRXYJqvxtLyyuraemYju7m1vbOb29uvqzCWlNVoKELZdIliggesBhwEa0aSEd8VrOH2r1K98cCk4mFwB4OI2T7pBrzDKQFNObnrtk+gR4lIbkb4Ep/igQP3RTxsAxceS+KRYw3TdyW9F6jFX9XJ5c2COS48D6wpyKNpVZ3cc9sLaeyzAKggSrUsMwI7IRI4FWyUbceKRYT2SZe1NAyIz5SdjD2P8LFmPNwJpT4B4DH7dyIhvlID39WdqUM1q6XkIq0VQ+fCTngQxcACOlnUiQWGEKcBYo9LRkEMNCBUcv1XTHtEEgo65qwOwZq1PA/qxYJ1VijdlvLl0jSODDpER+gEWegclVEFVVENUfSIXtA7+jCejDfj0/iatC4Z05kD9K+M7x+5g6ka</latexit>

L = �y
2
t |ũ1|2|H|2 � y

2
t |ũ2|2|H|2

• Neutral naturalness models where Higgs is pseudo-Goldstone boson 

predict coupling corrections                                   allows for robust test 

• In models where this is absent, may need to probe naturalness cancellation directly:

<latexit sha1_base64="Vdd9FKXOymIfWLOpkULLksH3qUc=">AAAB+HicbVBNT8JAEJ36ifhB1aOXjcQEL9g2RD2SePGIiXwkUMh22cKG7bbZ3ZIg4Zd48aAxXv0p3vw3LtCDgi+Z5OW9mczMCxLOlHacb2tjc2t7Zze3l98/ODwq2McnDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Go7u53xxTqVgsHvUkoX6EB4KFjGBtpJ5d6CgWoXHXuyp5Yde77NlFp+wsgNaJm5EiZKj17K9OPyZpRIUmHCvVdp1E+1MsNSOczvKdVNEEkxEe0LahAkdU+dPF4TN0YZQ+CmNpSmi0UH9PTHGk1CQKTGeE9VCtenPxP6+d6vDWnzKRpJoKslwUphzpGM1TQH0mKdF8YggmkplbERliiYk2WeVNCO7qy+uk4ZXd63LloVKsVrI4cnAG51ACF26gCvdQgzoQSOEZXuHNerJerHfrY9m6YWUzp/AH1ucPjb+Rrw==</latexit>

⇠ v2/(2f2)



Higgs  invisible, above threshold→
• Neutral naturalness models where Higgs is pseudo-Goldstone boson 

predict coupling corrections                                   allows for robust test 

• In models where this is absent, may need to probe naturalness cancellation directly:

<latexit sha1_base64="Vdd9FKXOymIfWLOpkULLksH3qUc=">AAAB+HicbVBNT8JAEJ36ifhB1aOXjcQEL9g2RD2SePGIiXwkUMh22cKG7bbZ3ZIg4Zd48aAxXv0p3vw3LtCDgi+Z5OW9mczMCxLOlHacb2tjc2t7Zze3l98/ODwq2McnDRWnktA6iXksWwFWlDNB65ppTluJpDgKOG0Go7u53xxTqVgsHvUkoX6EB4KFjGBtpJ5d6CgWoXHXuyp5Yde77NlFp+wsgNaJm5EiZKj17K9OPyZpRIUmHCvVdp1E+1MsNSOczvKdVNEEkxEe0LahAkdU+dPF4TN0YZQ+CmNpSmi0UH9PTHGk1CQKTGeE9VCtenPxP6+d6vDWnzKRpJoKslwUphzpGM1TQH0mKdF8YggmkplbERliiYk2WeVNCO7qy+uk4ZXd63LloVKsVrI4cnAG51ACF26gCvdQgzoQSOEZXuHNerJerHfrY9m6YWUzp/AH1ucPjb+Rrw==</latexit>

⇠ v2/(2f2)

invisible

<latexit sha1_base64="kAN58nd1PXDyhal56daGkc1huSs=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFSaaaLMruHFZwT6kDWUymbZDZ5IwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvCVPOlEbowyqtrK6tb5Q3K1vbO7t71f2DtkoySWiLJDyR3RAryllMW5ppTruppFiEnHbCyVXhd+6pVCyJb/U0pYHAo5gNGcHaSHd9zXhE82w2qNaQjTzfcxBEtocc/7wgvl93PQ86NpqjBpZoDqrv/SghmaCxJhwr1XNQqoMcS80Ip7NKP1M0xWSCR7RnaIwFVUE+P3gGT4wSwWEiTcUaztXvEzkWSk1FaDoF1mP12yvEv7xepof1IGdxmmkak8WiYcahTmDxPYyYpETzqSGYSGZuhWSMJSbaZFQxIXx9Cv8n7TPbubDdG7fWcJdxlMEROAanwAGXoAGuQRO0AAECPIAn8GxJ69F6sV4XrSVrOXMIfsB6+wSt05D4</latexit>

ũ
<latexit sha1_base64="kAN58nd1PXDyhal56daGkc1huSs=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFSaaaLMruHFZwT6kDWUymbZDZ5IwMxFK6Fe4caGIWz/HnX/jpK2gogcuHM65l3vvCVPOlEbowyqtrK6tb5Q3K1vbO7t71f2DtkoySWiLJDyR3RAryllMW5ppTruppFiEnHbCyVXhd+6pVCyJb/U0pYHAo5gNGcHaSHd9zXhE82w2qNaQjTzfcxBEtocc/7wgvl93PQ86NpqjBpZoDqrv/SghmaCxJhwr1XNQqoMcS80Ip7NKP1M0xWSCR7RnaIwFVUE+P3gGT4wSwWEiTcUaztXvEzkWSk1FaDoF1mP12yvEv7xepof1IGdxmmkak8WiYcahTmDxPYyYpETzqSGYSGZuhWSMJSbaZFQxIXx9Cv8n7TPbubDdG7fWcJdxlMEROAanwAGXoAGuQRO0AAECPIAn8GxJ69F6sV4XrSVrOXMIfsB6+wSt05D4</latexit>

ũ

[Ruhdorfer, Salvioni, Weiler 2019] 
[Craig, Lou, McCullough, Thalapillil 2014]

<latexit sha1_base64="Np7by6QuQQy4awyM8abzybbzT84=">AAACC3icbVBNS8NAEN3Ur1q/qh69LC2Cp5LYooIgBQ96rGA/oAlls522S3eTsLsRSsjdi3/FiwdFvPoHvPlv3LY5aOuDgcd7M8zM8yPOlLbtbyu3srq2vpHfLGxt7+zuFfcPWiqMJYUmDXkoOz5RwFkATc00h04kgQifQ9sfX0/99gNIxcLgXk8i8AQZBmzAKNFG6hVLope4mvE+JHGa4itcrdrYvXQF0SMpkhtopb1i2a7YM+Bl4mSkjDI0esUvtx/SWECgKSdKdR070l5CpGaUQ1pwYwURoWMyhK6hARGgvGT2S4qPjdLHg1CaCjSeqb8nEiKUmgjfdE5vVIveVPzP68Z6cOElLIhiDQGdLxrEHOsQT4PBfSaBaj4xhFDJzK2YjogkVJv4CiYEZ/HlZdI6rThnldpdrVyvZXHk0REqoRPkoHNUR7eogZqIokf0jF7Rm/VkvVjv1se8NWdlM4foD6zPH9wCmkM=</latexit>

mũ > 330 GeVFCC-hh:



Gegenbauer’s Twin

[Durieux, McCullough, Salvioni 2202.01228]


