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              Outline

- Higgs coupling modification  to  energy growing 
behavior


- Higgs coupling measurements at Muon Collider   




          Higgs-Gauge Boson couplings

h
<latexit sha1_base64="Avqj6DgOR2NBV6dY7Rsio1T0XiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz0eM8A==</latexit>

OH =
@µ(H†

H)@µ(H†
H)

2⇤2
<latexit sha1_base64="ZwYY5X4jTmO7Eq9ErbqLUnGxiEs="></latexit>

VL, h
<latexit sha1_base64="PNp3fiS91m8DDVPQ6NGhwcSzv0Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuCloGbSwsIphLIDnC3mYvWbO3e+zuCeHIf7CxUMTW/2Pnv3GTXKGJDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP/C1TBWhTSK5VO0Qa8qZoE3DDKftRFEch5y2wtHN1G89UaWZFA9mnNAgxgPBIkawsZLv9+7O0LBXrrhVdwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10FWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+LWqd16t3V9U6td5HEU4gmM4BQ8uoQ630IAmEHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A4U2jm8=</latexit>

V = W±, Z
<latexit sha1_base64="P4i8DhBfnQP86z1ly2irM1V4C/c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBb0IRS8eK9gP7K4lm2bb0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v52l5ZXVtfXCRnFza3tnt7S339RJqghtkIQnqh1iTTkTtGGY4bQtFcVxyGkrHN5M/NYTVZol4t6MJA1i3BcsYgQbK/lNdIVaj76MT9FDt1R2K+4UaJF4OSlDjnq39OX3EpLGVBjCsdYdz5UmyLAyjHA6LvqpphKTIe7TjqUCx1QH2fTmMTq2Sg9FibIlDJqqvycyHGs9ikPbGWMz0PPeRPzP66QmugwyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYvRWRAVaYGBtT0Ybgzb+8SJrVindWqd6dl2vXeRwFOIQjOAEPLqAGt1CHBhCQ8Ayv8Oakzovz7nzMWpecfOYA/sD5/AECXZBd</latexit>

⇠ cH
E2

⇤2
<latexit sha1_base64="eg+N80y1NUw5XzeHNsC1sCmtWPk=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsxUQZdFEbpwUcE+oDMOmTTThiaZIckIZejKjb/ixoUibv0Gd/6NaTsLbT0QOJxzDzf3hAmjSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Gritx+IVDQWd3qUEJ+jvqARxUgbKbAPPUU5xEHdiyTC2fV9dZx5NybfQ4YGdtmpOFPAReLmpAxyNAL7y+vFOOVEaMyQUl3XSbSfIakpZmRc8lJFEoSHqE+6hgrEifKz6RljeGyUHoxiaZ7QcKr+TmSIKzXioZnkSA/UvDcR//O6qY4u/IyKJNVE4NmiKGVQx3DSCexRSbBmI0MQltT8FeIBMn1o01zJlODOn7xIWtWKe1qp3p6Va5d5HUVwAI7ACXDBOaiBOmiAJsDgETyDV/BmPVkv1rv1MRstWHlmH/yB9fkDjhGYig==</latexit>



          Higgs-Gauge Boson couplings

h
<latexit sha1_base64="Avqj6DgOR2NBV6dY7Rsio1T0XiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz0eM8A==</latexit>

OH =
@µ(H†

H)@µ(H†
H)

2⇤2
<latexit sha1_base64="ZwYY5X4jTmO7Eq9ErbqLUnGxiEs="></latexit>

V = W±, Z
<latexit sha1_base64="P4i8DhBfnQP86z1ly2irM1V4C/c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBb0IRS8eK9gP7K4lm2bb0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v52l5ZXVtfXCRnFza3tnt7S339RJqghtkIQnqh1iTTkTtGGY4bQtFcVxyGkrHN5M/NYTVZol4t6MJA1i3BcsYgQbK/lNdIVaj76MT9FDt1R2K+4UaJF4OSlDjnq39OX3EpLGVBjCsdYdz5UmyLAyjHA6LvqpphKTIe7TjqUCx1QH2fTmMTq2Sg9FibIlDJqqvycyHGs9ikPbGWMz0PPeRPzP66QmugwyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYvRWRAVaYGBtT0Ybgzb+8SJrVindWqd6dl2vXeRwFOIQjOAEPLqAGt1CHBhCQ8Ayv8Oakzovz7nzMWpecfOYA/sD5/AECXZBd</latexit>

VL, h
<latexit sha1_base64="PNp3fiS91m8DDVPQ6NGhwcSzv0Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuCloGbSwsIphLIDnC3mYvWbO3e+zuCeHIf7CxUMTW/2Pnv3GTXKGJDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP/C1TBWhTSK5VO0Qa8qZoE3DDKftRFEch5y2wtHN1G89UaWZFA9mnNAgxgPBIkawsZLv9+7O0LBXrrhVdwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10FWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+LWqd16t3V9U6td5HEU4gmM4BQ8uoQ630IAmEHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A4U2jm8=</latexit>

⇥
<latexit sha1_base64="y3ZFcWqBEabekax7ttofWU1jMYg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVg9FxE2/XHGr7hxklXg5qUCORr/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxW1S/xsfu2UnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMNrPxMqSZErtlgUppJgTGavk4HQnKGcWEKZFvZWwkZUU4Y2oJINwVt+eZW0alXvolq7v6zUb/I4inACp3AOHlxBHe6gAU1g8AjP8ApvTuy8OO/Ox6K14OQzx/AHzucPt3mPOA==</latexit>

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

⇠ cH
vE

⇤2
<latexit sha1_base64="Zu6caeiFFOiVsrVMsAZe+Dof+cI=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaQKuiyK0IWLCvYBTQyTyaQdOpmEmUmhhOzc+CtuXCji1l9w5984bbPQ1gMXDufcO3Pv8RNGpbKsb2NpeWV1bb20Ud7c2t7ZNff22zJOBSYtHLNYdH0kCaOctBRVjHQTQVDkM9Lxh9cTvzMiQtKY36txQtwI9TkNKUZKS5555EgaQew1oBMKhLMRvMkz51Y/EKCHWu6ZFatqTQEXiV2QCijQ9MwvJ4hxGhGuMENS9mwrUW6GhKKYkbzspJIkCA9Rn/Q05Sgi0s2md+TwRCsBDGOhiys4VX9PZCiSchz5ujNCaiDnvYn4n9dLVXjpZpQnqSIczz4KUwZVDCehwIAKghUba4KwoHpXiAdI56F0dGUdgj1/8iJp16r2WbV2d16pXxVxlMAhOAanwAYXoA4aoAlaAINH8AxewZvxZLwY78bHrHXJKGYOwB8Ynz/yv5i6</latexit>



          Higgs-Higgs-Gauge Boson couplings

OH =
@µ(H†

H)@µ(H†
H)

2⇤2
<latexit sha1_base64="ZwYY5X4jTmO7Eq9ErbqLUnGxiEs="></latexit>

VL, h
<latexit sha1_base64="PNp3fiS91m8DDVPQ6NGhwcSzv0Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuCloGbSwsIphLIDnC3mYvWbO3e+zuCeHIf7CxUMTW/2Pnv3GTXKGJDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP/C1TBWhTSK5VO0Qa8qZoE3DDKftRFEch5y2wtHN1G89UaWZFA9mnNAgxgPBIkawsZLv9+7O0LBXrrhVdwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10FWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+LWqd16t3V9U6td5HEU4gmM4BQ8uoQ630IAmEHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A4U2jm8=</latexit>

V = W±, Z
<latexit sha1_base64="P4i8DhBfnQP86z1ly2irM1V4C/c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBb0IRS8eK9gP7K4lm2bb0Gw2JFmhLP0bXjwo4tU/481/Y9ruQVsfDDzem2FmXig508Z1v52l5ZXVtfXCRnFza3tnt7S339RJqghtkIQnqh1iTTkTtGGY4bQtFcVxyGkrHN5M/NYTVZol4t6MJA1i3BcsYgQbK/lNdIVaj76MT9FDt1R2K+4UaJF4OSlDjnq39OX3EpLGVBjCsdYdz5UmyLAyjHA6LvqpphKTIe7TjqUCx1QH2fTmMTq2Sg9FibIlDJqqvycyHGs9ikPbGWMz0PPeRPzP66QmugwyJmRqqCCzRVHKkUnQJADUY4oSw0eWYKKYvRWRAVaYGBtT0Ybgzb+8SJrVindWqd6dl2vXeRwFOIQjOAEPLqAGt1CHBhCQ8Ayv8Oakzovz7nzMWpecfOYA/sD5/AECXZBd</latexit>

⇠ cH
E2

⇤2
<latexit sha1_base64="eg+N80y1NUw5XzeHNsC1sCmtWPk=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsxUQZdFEbpwUcE+oDMOmTTThiaZIckIZejKjb/ixoUibv0Gd/6NaTsLbT0QOJxzDzf3hAmjSjvOt1VYWl5ZXSuulzY2t7Z37N29lopTiUkTxyyWnRApwqggTU01I51EEsRDRtrh8Gritx+IVDQWd3qUEJ+jvqARxUgbKbAPPUU5xEHdiyTC2fV9dZx5NybfQ4YGdtmpOFPAReLmpAxyNAL7y+vFOOVEaMyQUl3XSbSfIakpZmRc8lJFEoSHqE+6hgrEifKz6RljeGyUHoxiaZ7QcKr+TmSIKzXioZnkSA/UvDcR//O6qY4u/IyKJNVE4NmiKGVQx3DSCexRSbBmI0MQltT8FeIBMn1o01zJlODOn7xIWtWKe1qp3p6Va5d5HUVwAI7ACXDBOaiBOmiAJsDgETyDV/BmPVkv1rv1MRstWHlmH/yB9fkDjhGYig==</latexit>

h
<latexit sha1_base64="Avqj6DgOR2NBV6dY7Rsio1T0XiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz0eM8A==</latexit>



          Higgs self couplings

h
<latexit sha1_base64="Avqj6DgOR2NBV6dY7Rsio1T0XiY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqq15mWlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8fz0eM8A==</latexit>

O6 = �
�

⇤2
(H†

H)3
<latexit sha1_base64="dW91I4HnGq5C/AljqYT7Etr88Sg="></latexit>

VL, h
<latexit sha1_base64="PNp3fiS91m8DDVPQ6NGhwcSzv0Y=">AAAB7XicbVA9SwNBEJ2LXzF+RS1tFoNgIeEuCloGbSwsIphLIDnC3mYvWbO3e+zuCeHIf7CxUMTW/2Pnv3GTXKGJDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP/C1TBWhTSK5VO0Qa8qZoE3DDKftRFEch5y2wtHN1G89UaWZFA9mnNAgxgPBIkawsZLv9+7O0LBXrrhVdwa0TLycVCBHo1f+6vYlSWMqDOFY647nJibIsDKMcDopdVNNE0xGeEA7lgocUx1ks2sn6MQqfRRJZUsYNFN/T2Q41noch7YzxmaoF72p+J/XSU10FWRMJKmhgswXRSlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqCSDcFbfHmZ+LWqd16t3V9U6td5HEU4gmM4BQ8uoQ630IAmEHiEZ3iFN0c6L8678zFvLTj5zCH8gfP5A4U2jm8=</latexit>

⇠ c6
E2

⇤2
<latexit sha1_base64="Y8bPaSZaxlL+UkaMzTYPGaLl3FU=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEiuCozVdRlUQQXLirYC3TGIZPJtKFJZkgyQhm6c+OruHGhiFtfwZ1vY3pZaOsPgY//nJPk/GHKqNKO820VFhaXlleKq6W19Y3NLXt7p6mSTGLSwAlLZDtEijAqSENTzUg7lQTxkJFW2L8c1VsPRCqaiDs9SInPUVfQmGKkjRXY+56iHOLg1Islwjm8uq8Oc+/GXBAhg4FddirOWHAe3CmUwVT1wP7yogRnnAiNGVKq4zqp9nMkNcWMDEtepkiKcB91ScegQJwoPx/vMYSHxolgnEhzhIZj9/dEjrhSAx6aTo50T83WRuZ/tU6m43M/pyLNNBF48lCcMagTOAoFRlQSrNnAAMKSmr9C3EMmEG2iK5kQ3NmV56FZrbjHlertSbl2MY2jCPbAATgCLjgDNXAN6qABMHgEz+AVvFlP1ov1bn1MWgvWdGYX/JH1+QPOGpii</latexit>

S. Chang, M. Luty 19’
A. Falkowski, R. Rattazzi 19’



        VBF Single Higgs

W�, Z
<latexit sha1_base64="KjVbLV9R/VNIglqgmB9OxA3bU44=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5bdKuix6MVjBfuB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geD3xm09UaSbFnRnF1I9wX7CQEWys1Gg+nJ6g+26x5JbdKdAi8TJSggy1bvGr05MkiagwhGOt254bGz/FyjDC6bjQSTSNMRniPm1bKnBEtZ9Orx2jI6v0UCiVLWHQVP09keJI61EU2M4Im4Ge9ybif147MeGlnzIRJ4YKMlsUJhwZiSavox5TlBg+sgQTxeytiAywwsTYgAo2BG/+5UXSqJS9s3Ll9rxUvcriyMMBHMIxeHABVbiBGtSBwCM8wyu8OdJ5cd6dj1lrzslm9uEPnM8fQKaOQg==</latexit>

⌫µ, µ
�

<latexit sha1_base64="FjXpEvXm+uUxv+uS1tHd2ytf5B0=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxoWQGTXRJdOMSE3kkzEA6pUBD25m0HQ2Z8B9uXGiMW//FnX9jgVkoeJJ7c3LOventCWPOtHHdbye3srq2vpHfLGxt7+zuFfcPGjpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go9up33ykSrNIPphxTAOBB5L1GcHGSh1fJl1fJGfIts55t1hyy+4MaJl4GSlBhlq3+OX3IpIIKg3hWOu258YmSLEyjHA6KfiJpjEmIzygbUslFlQH6ezqCTqxSg/1I2VLGjRTf2+kWGg9FqGdFNgM9aI3Ff/z2onpXwcpk3FiqCTzh/oJRyZC0whQjylKDB9bgoli9lZEhlhhYmxQBRuCt/jlZdKolL2LcuX+slS9yeLIwxEcwyl4cAVVuIMa1IGAgmd4hTfnyXlx3p2P+WjOyXYO4Q+czx+xsZH7</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

O(107)H
<latexit sha1_base64="kxIWCe4ZBqRKL61+M2SIVKZ06Lk=">AAAB/3icbVDLSgMxFL1TX7W+RgU3boJFqCBlpgp1WXTTnRXsAzpjyaRpG5p5kGSEMnbhr7hxoYhbf8Odf2OmnYVWDwQO59zLPTlexJlUlvVl5JaWV1bX8uuFjc2t7R1zd68lw1gQ2iQhD0XHw5JyFtCmYorTTiQo9j1O2974KvXb91RIFga3ahJR18fDgA0YwUpLPfPA8bEaEcyT62nJtu6qJ8g5RfWeWbTK1gzoL7EzUoQMjZ756fRDEvs0UIRjKbu2FSk3wUIxwum04MSSRpiM8ZB2NQ2wT6WbzPJP0bFW+mgQCv0ChWbqz40E+1JOfE9PpmnlopeK/3ndWA0u3IQFUaxoQOaHBjFHKkRpGajPBCWKTzTBRDCdFZERFpgoXVlBl2AvfvkvaVXK9lm5cnNerF1mdeThEI6gBDZUoQZ1aEATCDzAE7zAq/FoPBtvxvt8NGdkO/vwC8bHN1+ZlF8=</latexit>

S

B
⇠ 1

4<latexit sha1_base64="dRcpjamea0gJmHgPJ0WEPjeExro=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiS1oMtSNy4r2gc0oUymk3bozCTMTIQSght/xY0LRdz6Fe78G6dpFtp64MLhnHu5954gZlRpx/m2VlbX1jc2S1vl7Z3dvX374LCjokRi0sYRi2QvQIowKkhbU81IL5YE8YCRbjC5nvndByIVjcS9nsbE52gkaEgx0kYa2MdeKBFO77K0mUFPUQ5zAbr1gV1xqk4OuEzcglRAgdbA/vKGEU44ERozpFTfdWLtp0hqihnJyl6iSIzwBI1I31CBOFF+mr+QwTOjDGEYSVNCw1z9PZEirtSUB6aTIz1Wi95M/M/rJzq88lMq4kQTgeeLwoRBHcFZHnBIJcGaTQ1BWFJzK8RjZCLQJrWyCcFdfHmZdGpV96Jau61XGs0ijhI4AafgHLjgEjTADWiBNsDgETyDV/BmPVkv1rv1MW9dsYqZI/AH1ucPCCOWiA==</latexit>



         Basic Cuts: H->bb

- Basic Acceptance cuts


- Smearing Effects   


- Recoil mass cut to suppress ZZ(vv) background

pT,b > 30GeV
<latexit sha1_base64="7IcVCzLeg4eZbXwVSTnk6gSvJ+I=">AAACA3icbVDJSgNBEO2JW4xb1JteGkPAQwgziaAnCXrQY4RskITQ06kkTXoWumvEMAS8+CtePCji1Z/w5t/YWQ6a+KDg8V4VVfXcUAqNtv1tJVZW19Y3kpupre2d3b30/kFNB5HiUOWBDFTDZRqk8KGKAiU0QgXMcyXU3eH1xK/fg9Ii8Cs4CqHtsb4veoIzNFInfRR24krOHdNLWrRpK0dbCA8Y30Bt3Eln7Lw9BV0mzpxkyBzlTvqr1Q145IGPXDKtm44dYjtmCgWXME61Ig0h40PWh6ahPvNAt+PpD2OaNUqX9gJlykc6VX9PxMzTeuSZS7Mew4Fe9Cbif14zwt5FOxZ+GCH4fLaoF0mKAZ0EQrtCAUc5MoRxJcytlA+YYhxNbCkTgrP48jKpFfJOMV+4O8uUruZxJMkxOSGnxCHnpERuSZlUCSeP5Jm8kjfryXqx3q2PWWvCms8ckj+wPn8AccuWIA==</latexit>

10� < ✓b < 170�
<latexit sha1_base64="98RqWev6fzzJDYx6cHRYSEyNGSY=">AAACCHicbZC7TsMwFIYdrqXcAowMWFRITFVSkMrAUMHCWCR6kZoQOa7TWnWcyD5BqqqOLLwKCwMIsfIIbLwNbpsBWn7J0qf/nKPj84ep4Boc59taWl5ZXVsvbBQ3t7Z3du29/aZOMkVZgyYiUe2QaCa4ZA3gIFg7VYzEoWCtcHA9qbcemNI8kXcwTJkfk57kEacEjBXYR65z71GuKL7EHvQZkCA06FZzO7BLTtmZCi+Cm0MJ5aoH9pfXTWgWMwlUEK07rpOCPyIKOBVsXPQyzVJCB6THOgYliZn2R9NDxvjEOF0cJco8CXjq/p4YkVjrYRyazphAX8/XJuZ/tU4G0YU/4jLNgEk6WxRlAkOCJ6ngLleMghgaIFRx81dM+0QRCia7ognBnT95EZqVsntWrtyel2pXeRwFdIiO0SlyURXV0A2qowai6BE9o1f0Zj1ZL9a79TFrXbLymQP0R9bnD4Kll78=</latexit>

�E

E
= 10%

<latexit sha1_base64="V3hNNey077ykZYZoW+3VRC4GIc8=">AAACAnicbVBNS8NAEJ3Ur1q/op7Ey2IpeCpJFfQiFLXgsYJthSaUzXbTLt18sLsRSghe/CtePCji1V/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G4Wl5ZXVteJ6aWNza3vH3N1ryygRhLZIxCNx72FJOQtpSzHF6X0sKA48Tjve6Gridx6okCwK79Q4pm6AByHzGcFKSz3zwPEFJqlzTbnCqJGljQxdINtyKj2zbFWtKdAisXNShhzNnvnl9COSBDRUhGMpu7YVKzfFQjHCaVZyEkljTEZ4QLuahjig0k2nL2SoopU+8iOhK1Roqv6eSHEg5TjwdGeA1VDOexPxP6+bKP/cTVkYJ4qGZLbITzhSEZrkgfpMUKL4WBNMBNO3IjLEOhOlUyvpEOz5lxdJu1a1T6q129Ny/TKPowiHcATHYMMZ1OEGmtACAo/wDK/wZjwZL8a78TFrLRj5zD78gfH5AwTBleA=</latexit>

(|⌘b| < 2.44)
<latexit sha1_base64="GhU3T1J71bk3v1PFRhqOPU1OCTc=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBHqJiS1oAsXRTcuK9gHtCFMpjft0MmDmYlS0n6KGxeKuPVL3Pk3TtsstPXAhcM593LvPX7CmVS2/W2srW9sbm0Xdoq7e/sHh2bpqCXjVFBo0pjHouMTCZxF0FRMcegkAkjoc2j7o9uZ334EIVkcPahxAm5IBhELGCVKS55Zqkx6oIjnT/A1rlq12rlnlm3LngOvEicnZZSj4ZlfvX5M0xAiRTmRsuvYiXIzIhSjHKbFXiohIXREBtDVNCIhSDebnz7FZ1rp4yAWuiKF5+rviYyEUo5DX3eGRA3lsjcT//O6qQqu3IxFSaogootFQcqxivEsB9xnAqjiY00IFUzfiumQCEKVTquoQ3CWX14lrarlXFjV+1q5fpPHUUAn6BRVkIMuUR3doQZqIoqe0DN6RW/GxHgx3o2PReuakc8coz8wPn8AkFaSPQ==</latexit>

Mrecoil =
q
(pµ+ + pµ� � pH,HH)2 > 200GeV

<latexit sha1_base64="MxqUpXc7cQ+bPAcgoWlWxJ/2Uz4="></latexit>



         Invariant Mass Distribution

|m
bb̄
�mH | < 15GeV

<latexit sha1_base64="+FDwAplPQY+JznTpUr5GehD4ihk=">AAACEHicbVA9SwNBEN3z2/gVtbRZDKKFhjs/0MIiaGFKBRMDuXDsbSbJ4u7dsTsnhjM/wca/YmOhiK2lnf/GTUyh0QcDj/dmmJkXJlIYdN1PZ2x8YnJqemY2Nze/sLiUX16pmjjVHCo8lrGuhcyAFBFUUKCEWqKBqVDCVXh92vevbkAbEUeX2E2goVg7Ei3BGVopyG/eqSAL/ZBpGvboDlVBmd7RY+odUH+b+gi3mJ1BtRfkC27RHYD+Jd6QFMgQ50H+w2/GPFUQIZfMmLrnJtjImEbBJfRyfmogYfyataFuacQUmEY2eKhHN6zSpK1Y24qQDtSfExlTxnSVvXhDMeyYUa8v/ufVU2wdNTIRJSlCxL8XtVJJMab9dGhTaOAou5YwroW9lfIO04yjzTBnQ/BGX/5LqrtFb6+4e7FfKJ0M45gha2SdbBGPHJISKZNzUiGc3JNH8kxenAfnyXl13r5bx5zhzCr5Bef9CzPzmsw=</latexit>

O(0.01)
<latexit sha1_base64="3CszTJR2/1pHQXCN0Kd4ot0Mr3Q=">AAAB+nicbVC7TsMwFL3hWcorhZHFokIqS5UUJBgrWNgoEn1IbVQ5rtNadZzIdkBV6KewMIAQK1/Cxt/gtBmg5UiWj865Vz4+fsyZ0o7zba2srq1vbBa2its7u3v7dumgpaJEEtokEY9kx8eKciZoUzPNaSeWFIc+p21/fJ357QcqFYvEvZ7E1AvxULCAEayN1LdLvRDrEcE8vZ1WnKrjnvbtsrlnQMvEzUkZcjT69ldvEJEkpEITjpXquk6svRRLzQin02IvUTTGZIyHtGuowCFVXjqLPkUnRhmgIJLmCI1m6u+NFIdKTULfTGZB1aKXif953UQHl17KRJxoKsj8oSDhSEco6wENmKRE84khmEhmsiIywhITbdoqmhLcxS8vk1at6p5Va3fn5fpVXkcBjuAYKuDCBdThBhrQBAKP8Ayv8GY9WS/Wu/UxH12x8p1D+APr8weWwZLm</latexit>



        HZZ: Forward muons

O(10�3)
<latexit sha1_base64="YB8ivKippyCAkp4jTwRIFIEzUC0=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCXViSVtBl0Y07K9gHtLFMptN26GQSZiZCDcFfceNCEbf+hzv/xkmbhbYeGDiccy/3zPFCRqWy7W8jt7S8srqWXy9sbG5t75i7e00ZRAKTBg5YINoekoRRThqKKkbaoSDI9xhpeeOr1G89ECFpwO/UJCSuj4acDihGSks986DrIzXCiMU3Scmx7+PTanLSM4t22Z7CWiRORoqQod4zv7r9AEc+4QozJGXHsUPlxkgoihlJCt1IkhDhMRqSjqYc+US68TR9Yh1rpW8NAqEfV9ZU/b0RI1/Kie/pyTSrnPdS8T+vE6nBhRtTHkaKcDw7NIiYpQIrrcLqU0GwYhNNEBZUZ7XwCAmElS6soEtw5r+8SJqVslMtV27PirXLrI48HMIRlMCBc6jBNdShARge4Rle4c14Ml6Md+NjNpozsp19+APj8wcjdJRc</latexit>



         One muon tagged

pµT > 0.17Eµ
<latexit sha1_base64="iji8lauJmsXNTpvrdf87kbk8dEw=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwNcxUoa6kKILLCn1BOw6ZNNOGJpkhyQh1KP6KGxeKuPU/3Pk3pu0stPXAhZNz7iX3njBhVGnX/baWlldW19YLG8XNre2dXXtvv6niVGLSwDGLZTtEijAqSENTzUg7kQTxkJFWOLye+K0HIhWNRV2PEuJz1Bc0ohhpIwX2YRLU77s8hZfQdbwKvAnMI7BLruNOAReJl5MSyFEL7K9uL8YpJ0JjhpTqeG6i/QxJTTEj42I3VSRBeIj6pGOoQJwoP5tuP4YnRunBKJamhIZT9fdEhrhSIx6aTo70QM17E/E/r5Pq6MLPqEhSTQSefRSlDOoYTqKAPSoJ1mxkCMKSml0hHiCJsDaBFU0I3vzJi6RZdrwzp3x3Xqpe5XEUwBE4BqfAAxVQBbegBhoAg0fwDF7Bm/VkvVjv1sesdcnKZw7AH1ifP8Nfk3w=</latexit>

10� < ✓µ < 170�
<latexit sha1_base64="jdY1awxVDV4uCBseNnidITb1p2I=">AAACDHicbVC7TsMwFHXKq5RXgZHFokJiqpKCVAaGChbGItGH1ITKcZ3WquNE9g1SFfUDWPgVFgYQYuUD2PgbnDYDtBzJ0vE558q+x48F12Db31ZhZXVtfaO4Wdra3tndK+8ftHWUKMpaNBKR6vpEM8ElawEHwbqxYiT0Bev44+vM7zwwpXkk72ASMy8kQ8kDTgkYqV+uOPa9S7mi+BK7MGJA+qkbJlNzdeq5ZVJ21Z4BLxMnJxWUo9kvf7mDiCYhk0AF0brn2DF4KVHAqWDTkptoFhM6JkPWM1SSkGkvnS0zxSdGGeAgUuZIwDP190RKQq0noW+SIYGRXvQy8T+vl0Bw4aVcxgkwSecPBYnAEOGsGTzgilEQE0MIVdz8FdMRUYSC6a+UVbW48jJp16rOWbV2e15pXOV1FNEROkanyEF11EA3qIlaiKJH9Ixe0Zv1ZL1Y79bHPFqw8plD9AfW5w8PnJm7</latexit>



         Results: Efficiency

Forward muon effect



         Results: Sensitivity

- 3 to 30 TeV, a factor of 10 improvement


- Mainly due to luminosity increase



        VBF Double Higgs
⌫µ, µ

�
<latexit sha1_base64="FjXpEvXm+uUxv+uS1tHd2ytf5B0=">AAAB9XicbVDLTgIxFL2DL8QX6tJNIzFxoWQGTXRJdOMSE3kkzEA6pUBD25m0HQ2Z8B9uXGiMW//FnX9jgVkoeJJ7c3LOventCWPOtHHdbye3srq2vpHfLGxt7+zuFfcPGjpKFKF1EvFItUKsKWeS1g0znLZiRbEIOW2Go9up33ykSrNIPphxTAOBB5L1GcHGSh1fJl1fJGfIts55t1hyy+4MaJl4GSlBhlq3+OX3IpIIKg3hWOu258YmSLEyjHA6KfiJpjEmIzygbUslFlQH6ezqCTqxSg/1I2VLGjRTf2+kWGg9FqGdFNgM9aI3Ff/z2onpXwcpk3FiqCTzh/oJRyZC0whQjylKDB9bgoli9lZEhlhhYmxQBRuCt/jlZdKolL2LcuX+slS9yeLIwxEcwyl4cAVVuIMa1IGAgmd4hTfnyXlx3p2P+WjOyXYO4Q+czx+xsZH7</latexit>

W�, Z
<latexit sha1_base64="KjVbLV9R/VNIglqgmB9OxA3bU44=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBg5bdKuix6MVjBfuB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geD3xm09UaSbFnRnF1I9wX7CQEWys1Gg+nJ6g+26x5JbdKdAi8TJSggy1bvGr05MkiagwhGOt254bGz/FyjDC6bjQSTSNMRniPm1bKnBEtZ9Orx2jI6v0UCiVLWHQVP09keJI61EU2M4Im4Ge9ybif147MeGlnzIRJ4YKMlsUJhwZiSavox5TlBg+sgQTxeytiAywwsTYgAo2BG/+5UXSqJS9s3Ll9rxUvcriyMMBHMIxeHABVbiBGtSBwCM8wyu8OdJ5cd6dj1lrzslm9uEPnM8fQKaOQg==</latexit>

H
<latexit sha1_base64="OmnsBIcI7uL9xT1nnclacUzB0Hk=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHbRRI9ELxwhkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj+7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWpWyd1WuNK5L1bssjjycwTlcggc3UIUa1KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJ7HjNA=</latexit>

O(104)HH
<latexit sha1_base64="cgrG0PdIYmrnVFyZQhhZ7FaQfgY=">AAACAXicbVDLSgNBEOyNrxhfq14EL4NBiCBhNwb0GPSSmxHMA7JrmJ1MkiGzD2ZmhbDEi7/ixYMiXv0Lb/6Ns8keNFrQUFR1093lRZxJZVlfRm5peWV1Lb9e2Njc2t4xd/daMowFoU0S8lB0PCwpZwFtKqY47USCYt/jtO2Nr1K/fU+FZGFwqyYRdX08DNiAEay01DMPHB+rEcE8uZ6WbOuueoKcU1RH9Z5ZtMrWDOgvsTNShAyNnvnp9EMS+zRQhGMpu7YVKTfBQjHC6bTgxJJGmIzxkHY1DbBPpZvMPpiiY6300SAUugKFZurPiQT7Uk58T3em98pFLxX/87qxGly4CQuiWNGAzBcNYo5UiNI4UJ8JShSfaIKJYPpWREZYYKJ0aAUdgr348l/SqpTts3LlplqsXWZx5OEQjqAENpxDDerQgCYQeIAneIFX49F4Nt6M93lrzshm9uEXjI9vUMiU2A==</latexit>

fb
<latexit sha1_base64="lXUuIi7GQsuiASUbQ2esdudWSOg=">AAAB8HicbVBNS8NAEN34WetX1aOXxSJ4KkkV9Fj04rGC/ZA2lM120i7dTcLuRCyhv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk41hwaPZazbATMgRQQNFCihnWhgKpDQCkY3U7/1CNqIOLrHcQK+YoNIhIIztNJDF+EJszCY9Eplt+LOQJeJl5MyyVHvlb66/ZinCiLkkhnT8dwE/YxpFFzCpNhNDSSMj9gAOpZGTIHxs9nBE3pqlT4NY20rQjpTf09kTBkzVoHtVAyHZtGbiv95nRTDKz8TUZIiRHy+KEwlxZhOv6d9oYGjHFvCuBb2VsqHTDOONqOiDcFbfHmZNKsV77xSvbso167zOArkmJyQM+KRS1Ijt6ROGoQTRZ7JK3lztPPivDsf89YVJ585In/gfP4ASZ2QuQ==</latexit>

S

B
⇠ 0.02

<latexit sha1_base64="K4SUIXgckg4Zuwy3crwBepBcYJU=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm8EiuCpJFXRZ6sZlRfuAppTJdNIOnUzCzEQoMQt/xY0LRdz6G+78G6dtFtp64HIP59zL3Dl+zJnSjvNtFVZW19Y3ipulre2d3T17/6ClokQS2iQRj2THx4pyJmhTM81pJ5YUhz6nbX98PfXbD1QqFol7PYlpL8RDwQJGsDZS3z7yAolJepel9Qx5ioUIORWn2rfLps2AlombkzLkaPTtL28QkSSkQhOOleq6Tqx7KZaaEU6zkpcoGmMyxkPaNVTgkKpeOrs/Q6dGGaAgkqaERjP190aKQ6UmoW8mQ6xHatGbiv953UQHV72UiTjRVJD5Q0HCkY7QNAw0YJISzSeGYCKZuRWRETaBaBNZyYTgLn55mbSqFfe8Ur29KNfqeRxFOIYTOAMXLqEGN9CAJhB4hGd4hTfryXqx3q2P+WjByncO4Q+szx8Kq5TN</latexit>



        VBF Double Higgs

Target



         HHH vs HHVV

Sign of energy growing behavior



         HHH vs HHVV: Sensitivity

- 3 to 30 TeV, a factor of 25 improvement


- luminosity plus energy growing behavior



        Result Summary

�10�4�10�3�10�2�10�1�1
�

�3

�W2

�Z

�W

10�4 10�3 10�2 10�1 1

3 TeV, 1 ab�1

6 TeV, 4 ab�1

10 TeV, 10 ab�1

14 TeV, 20 ab�1

30 TeV, 90 ab�1

1 10 20
⇤ [TeV]

11020

10 - 20 TeV



Implication: Composite Higgs Models

�W = �1

2
⇠

<latexit sha1_base64="b9slu0TsjvVFGx4F/kBQKDtbjj8=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjSWpgm6Eoi5cVrAPaEK4mU7aoZMHMxOxhC7d+CtuXCji1k9w5984bbPQ1gMXDufcy733+AlnUlnWt1FYWFxaXimultbWNza3zO2dpoxTQWiDxDwWbR8k5SyiDcUUp+1EUAh9Tlv+4Grst+6pkCyO7tQwoW4IvYgFjIDSkmfuO9eUK8DOAJIEvBa+wMdOIIBgu4qdB+aZZatiTYDniZ2TMspR98wvpxuTNKSRIhyk7NhWotwMhGKE01HJSSVNgAygRzuaRhBS6WaTR0b4UCtdHMRCV6TwRP09kUEo5TD0dWcIqi9nvbH4n9dJVXDuZixKUkUjMl0UpByrGI9TwV0mKFF8qAkQwfStmPRBx6B0diUdgj378jxpViv2SaV6e1quXeZxFNEeOkBHyEZnqIZuUB01EEGP6Bm9ojfjyXgx3o2PaWvByGd20R8Ynz/SGZfs</latexit>

�W2 = �2⇠
<latexit sha1_base64="uFadlos11g24lpxegvB+3FRNZsA=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgxpJEQTdCURcuK9gHNCHcTCft0MmDmYlYQldu/BU3LhRx6ze482+cPhbaeuDC4Zx7ufeeIOVMKsv6NgoLi0vLK8XV0tr6xuaWub3TkEkmCK2ThCeiFYCknMW0rpjitJUKClHAaTPoX4385j0VkiXxnRqk1IugG7OQEVBa8s1995pyBdjtQ5qCnzd9Z4gv8DF2sPvAfLNsVawx8Dyxp6SMpqj55pfbSUgW0VgRDlK2bStVXg5CMcLpsORmkqZA+tClbU1jiKj08vEbQ3yolQ4OE6ErVnis/p7IIZJyEAW6MwLVk7PeSPzPa2cqPPdyFqeZojGZLAozjlWCR5ngDhOUKD7QBIhg+lZMeiCAKJ1cSYdgz748TxpOxT6pOLen5erlNI4i2kMH6AjZ6AxV0Q2qoToi6BE9o1f0ZjwZL8a78TFpLRjTmV30B8bnD4Unlzg=</latexit>

⇠ < 0.15%
<latexit sha1_base64="eUPEIslUKUaXWhppq8LHFUJynSo=">AAAB9HicbVBNS8NAEJ34WetX1aOXxVLwFJKq6MFD0YvHCvYDmlA22027dLOJu5tiCf0dXjwo4tUf481/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5uFreL2zu7efungsKniVBLaIDGPZTvAinImaEMzzWk7kRRHAaetYHg79VsjKhWLxYMeJ9SPcF+wkBGsjeR7TwxdI8d2L5BX6ZbKju3MgJaJm5My5Kh3S19eLyZpRIUmHCvVcZ1E+xmWmhFOJ0UvVTTBZIj7tGOowBFVfjY7eoIqRumhMJamhEYz9fdEhiOlxlFgOiOsB2rRm4r/eZ1Uh1d+xkSSairIfFGYcqRjNE0A9ZikRPOxIZhIZm5FZIAlJtrkVDQhuIsvL5Nm1XbP7Or9ebl2k8dRgGM4gVNw4RJqcAd1aACBR3iGV3izRtaL9W59zFtXrHzmCP7A+vwBvCSQHg==</latexit>

⇠ < 0.31%
<latexit sha1_base64="X5cFyoKkMn12BCn9vWBevEGLxSA=">AAAB9HicbVBNS8NAEJ34WetX1aOXxVLwFJJW0IOHohePFewHNKFstpt26WYTdzfFEvo7vHhQxKs/xpv/xm2bg7Y+GHi8N8PMvCDhTGnH+bbW1jc2t7YLO8Xdvf2Dw9LRcUvFqSS0SWIey06AFeVM0KZmmtNOIimOAk7bweh25rfHVCoWiwc9Sagf4YFgISNYG8n3nhi6Ro5dc5FX6ZXKju3MgVaJm5My5Gj0Sl9ePyZpRIUmHCvVdZ1E+xmWmhFOp0UvVTTBZIQHtGuowBFVfjY/eooqRumjMJamhEZz9fdEhiOlJlFgOiOsh2rZm4n/ed1Uh1d+xkSSairIYlGYcqRjNEsA9ZmkRPOJIZhIZm5FZIglJtrkVDQhuMsvr5JW1XZrdvX+oly/yeMowCmcwTm4cAl1uIMGNIHAIzzDK7xZY+vFerc+Fq1rVj5zAn9gff4AuRiQHA==</latexit>

f > 6.4TeV
<latexit sha1_base64="ePESQLs9BknqmjVUR4hJmMeYOxY=">AAAB+3icbVDJSgNBEO2JW4zbGI9eGoPgKczEoJ4k6MVjhGyQhNDTqUma9Cx010jCkF/x4kERr/6IN//GznLQxAcFj/eqqKrnxVJodJxvK7OxubW9k93N7e0fHB7Zx/mGjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloeqP7md98AqVFFNZwEkM3YINQ+IIzNFLPzvv0ll4Vy7SDMMa0Bo1pzy44RWcOuk7cJSmQJao9+6vTj3gSQIhcMq3brhNjN2UKBZcwzXUSDTHjIzaAtqEhC0B30/ntU3pulD71I2UqRDpXf0+kLNB6EnimM2A41KveTPzPayfo33RTEcYJQsgXi/xEUozoLAjaFwo4yokhjCthbqV8yBTjaOLKmRDc1ZfXSaNUdC+LpcdyoXK3jCNLTskZuSAuuSYV8kCqpE44GZNn8krerKn1Yr1bH4vWjLWcOSF/YH3+AAT2kyc=</latexit>

f > 4.4TeV
<latexit sha1_base64="Xi3Om/FRoOm5PAdv8tkO0A2tEqw=">AAAB+3icbVDJSgNBEO1xjXGL8eilMQiehpkY0JMEvXiMkA2SIfR0apImPQvdNZIw5Fe8eFDEqz/izb+xsxw08UHB470qqur5iRQaHefb2tjc2t7Zze3l9w8Oj44LJ8WmjlPFocFjGau2zzRIEUEDBUpoJwpY6Eto+aP7md96AqVFHNVxkoAXskEkAsEZGqlXKAb0llbsCu0ijDGrQ3PaK5Qc25mDrhN3SUpkiVqv8NXtxzwNIUIumdYd10nQy5hCwSVM891UQ8L4iA2gY2jEQtBeNr99Si+M0qdBrExFSOfq74mMhVpPQt90hgyHetWbif95nRSDGy8TUZIiRHyxKEglxZjOgqB9oYCjnBjCuBLmVsqHTDGOJq68CcFdfXmdNMu2e2WXHyul6t0yjhw5I+fkkrjkmlTJA6mRBuFkTJ7JK3mzptaL9W59LFo3rOXMKfkD6/MHAdSTJQ==</latexit>

95%CL
<latexit sha1_base64="7pJtISDZjXcCWlMoN4tx7uJXppA=">AAAB+nicbVDLSgNBEJz1GeNro0cvgyHgQcJuVNRbMBcPHiKYB2SXMDuZTYbMPpjpVcOaT/HiQRGvfok3/8ZJsgdNLGgoqrrp7vJiwRVY1rextLyyurae28hvbm3v7JqFvaaKEklZg0Yikm2PKCZ4yBrAQbB2LBkJPMFa3rA28Vv3TCoehXcwipkbkH7IfU4JaKlrFi7PnGPslLAD7BHS2s24axatsjUFXiR2RoooQ71rfjm9iCYBC4EKolTHtmJwUyKBU8HGeSdRLCZ0SPqso2lIAqbcdHr6GJe00sN+JHWFgKfq74mUBEqNAk93BgQGat6biP95nQT8CzflYZwAC+lskZ8IDBGe5IB7XDIKYqQJoZLrWzEdEEko6LTyOgR7/uVF0qyU7ZNy5fa0WL3K4sihA3SIjpCNzlEVXaM6aiCKHtAzekVvxpPxYrwbH7PWJSOb2Ud/YHz+AEI1krg=</latexit>

⇠ =
v2

f2
<latexit sha1_base64="ZjTUNosbbvtzhVMbZGtOIb6AhVg=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmqoBuh6MZlBfuAJpbJdNIOnUzCzKRYQsFfceNCEbd+hzv/xmmbhbYeuJfDOfcyd06QcKa043xbS8srq2vrhY3i5tb2zq69t99QcSoJrZOYx7IVYEU5E7Sumea0lUiKo4DTZjC4mfjNIZWKxeJejxLqR7gnWMgI1kbq2IfeI0NXyAslJtnwoTLOQtM6dskpO1OgReLmpAQ5ah37y+vGJI2o0IRjpdquk2g/w1Izwum46KWKJpgMcI+2DRU4osrPpueP0YlRuiiMpSmh0VT9vZHhSKlRFJjJCOu+mvcm4n9eO9XhpZ8xkaSaCjJ7KEw50jGaZIG6TFKi+cgQTCQztyLSxyYJbRIrmhDc+S8vkkal7J6VK3fnpep1HkcBjuAYTsGFC6jCLdSgDgQyeIZXeLOerBfr3fqYjS5Z+c4B/IH1+QNi2pUf</latexit>

10TeV@10 ab�1
<latexit sha1_base64="3g/om0VTCgxXIMJEWVPSTJ0KE20=">AAACIHicbVDLSgMxFM34tr6qLt0Ei+BCy0wV6rLoxqWCfUBnLJn0jg3NPEjuiGWYT3Hjr7hxoYju9GtMa0FtPZBwOOfem5vjJ1JotO0Pa2Z2bn5hcWm5sLK6tr5R3Nxq6DhVHOo8lrFq+UyDFBHUUaCEVqKAhb6Ept8/G/rNW1BaxNEVDhLwQnYTiUBwhkbqFKuZOxqS+TKF3LHdAxfhDrMraOTUPaC14fUjMz+/zg6dPO8US3bZHoFOE2dMSmSMi07x3e3GPA0hQi6Z1m3HTtDLmELBJeQFN9WQMN5nN9A2NGIhaC8b7ZbTPaN0aRArcyKkI/V3R8ZCrQehbypDhj096Q3F/7x2isGJl4koSREi/v1QkEqKMR2mRbtCAUc5MIRxJcyulPeYYhxNpgUTgjP55WnSqJSdo3Ll8rhUOx3HsUR2yC7ZJw6pkho5JxekTji5J4/kmbxYD9aT9Wq9fZfOWOOebfIH1ucXEAOiQg==</latexit>



Implication: Nonlinearity Test
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<latexit sha1_base64="9heZnnBq6e7HV6ICQ0XpuTuPnI8="></latexit>

OH =
cH

2f2
@µ|H|

2
@
µ
|H|

2

<latexit sha1_base64="9YuHOvLmucXnecgWpXH2z+a94EA="></latexit>
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<latexit sha1_base64="ehASvSukQB8xfoR7VghMxUMdTlo="></latexit>
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<latexit sha1_base64="lZUmIl/0cxYNxa5dyatDj+WJ8Aw="></latexit>
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<latexit sha1_base64="7t0HtsNenilTwD+ODnhnN4AHXW0=">AAAB/XicbVDLSgMxFM34rPU1PnZugkVwVWZGQTdC0U2XFewD2nHIpJk2NMkMSUaoQ/FX3LhQxK3/4c6/MdPOQlsPXDg5515y7wkTRpV2nG9raXlldW29tFHe3Nre2bX39lsqTiUmTRyzWHZCpAijgjQ11Yx0EkkQDxlph6Ob3G8/EKloLO70OCE+RwNBI4qRNlJgH+Kgft9LJOUEXkEP5k8vsCtO1ZkCLhK3IBVQoBHYX71+jFNOhMYMKdV1nUT7GZKaYkYm5V6qSILwCA1I11CBOFF+Nt1+Ak+M0odRLE0JDafq74kMcaXGPDSdHOmhmvdy8T+vm+ro0s+oSFJNBJ59FKUM6hjmUcA+lQRrNjYEYUnNrhAPkURYm8DKJgR3/uRF0vKq7lnVuz2v1K6LOErgCByDU+CCC1ADddAATYDBI3gGr+DNerJerHfrY9a6ZBUzB+APrM8fMfmTwQ==</latexit>

PNGB

Promising for ⇠ & 0.1
<latexit sha1_base64="Pjn13Bo5RlJ8tbt8ZirEgyTKvcA=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyGpgi6LblxWsA9oQplMJ+3QySTMTMQa+iVuXCji1k9x5984bbPQ1gMDh3PO5d45YcqZ0q77bZXW1jc2t8rblZ3dvf2qfXDYVkkmCW2RhCeyG2JFORO0pZnmtJtKiuOQ0044vpn5nQcqFUvEvZ6kNIjxULCIEayN1Ler/iND/lCbRIxcx+vbNddx50CrxCtIDQo0+/aXP0hIFlOhCcdK9Tw31UGOpWaE02nFzxRNMRnjIe0ZKnBMVZDPD5+iU6MMUJRI84RGc/X3RI5jpSZxaJIx1iO17M3E/7xepqOrIGcizTQVZLEoyjjSCZq1gAZMUqL5xBBMJDO3IjLCEhNtuqqYErzlL6+Sdt3xzp363UWtcV3UUYZjOIEz8OASGnALTWgBgQye4RXerCfrxXq3PhbRklXMHMEfWJ8/ZtqSQw==</latexit>

R.C., C. G., D. P. , R. R., A. T.13’
DL, I. Low, Z. Yin18’



               Conclusion

✓Sub-permille level on HVV   


✓Sub-percent level on HHVV


✓Percent level on HHH
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